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FOREWORD 


Volume III has been constructed on the same lines as those followed in Volume II. 
The Foreword written in Volume II therefore covers all that it is necessary to say 
concerning Volume III. 

Dr. Johnson says in the Preface to his Dictionary, published in 1755, “ It is the 
fate of those who toil at the lower employments of life to he rather driven hy the fear of evil, 
than attracted hy the prospect of good ; to he exposed to censure, without hope of 
praise ; to he disgraced hy miscarriage, or punished for neglect, where success would 
have been tcithout applause, and diligence without reward. 

“ Among these unhappy mortals is the writer of dictionaries ; whom mankind have 
considered, not as the pupil, hut the slave of science, the pionier of literature, doomed only 
to remove ruhhish and clear ohstructions from the path of Learning and Genius, who press 
forward to conquest and glory, without bestowing a smile on the humble drudge that 
facilitates their progress. Every other author may aspire to praise ; the lexicographer 
can only hope to escape reproach, and even this negative recompense has been yet granted 
to very few. 

“ , . . This recommendation of steadiness and uniformity does not proceed from an 
opinion, that particular combinations of letters have much influence on human happiness ; 
or that truth may not he successfully taught hy modes of spelling fanciful and erroneous : 
I am not yet so lost in lexicography, as to forget that ‘ words are the daughters of earth, and 
that things are sons of heaven.' Language is only the instrument of science, and ivords are 
hut the signs of ideas : I wish, however, that the instrument might he less apt to decay, 
and that signs might be permanent, like the things which they denote. 

“ ... To deliberate whenever I doubled, to enquire whenever I was ignorant, would 
have protracted the undertaking without end, and, perhaps, without inuch improvement; 
for I did not find hy my first experiments, that what I had not of my own was easily to be 
obtained : 1 saw that one enquiry only gave occasion to another, that hook referred to book, 
that to search ivas not always to flnd, and to flnd was not always to be informed ; 
and that thus to persue perfection, was, like thcflrst inhabitants of Arcadia, to chace the 
sun, which, when they had reached the hill lohcre he seemed to rest, was still beheld at the 
same distance from them. 

“ . . . I look with pleasure on my hook, however defective, and deliver it to the world 
with the spirit of a man that has endeavoured well. That it will immediately become 
popular I have not promised to myself: a few wild blunders, and risible absurdities, from 
which no work of such multiplicity was ever free, may for a time furnish folly loith laughter, 
and harden ignoraiice in contempt ; but useful diligence tcill at last prevail, and there 
never can be wanting some who distinguish desert; who will consider that no dictionary 
of a living tongue ever can be perfect . . . even a tohole life would not be sufficient; that he, 
whose design hwludes whatever language can express, must often speak of what he does 
not understand ; that a icritcr will sometimes be hurried by eagerness to the end, and 
somdimes faint with rccarincss under a task, which Scaliger compares to the labours of the 
anvil and the mine ; that what is obvious is not always known, and what is known is not 
always present; that sudden fits of inadvertency will surprize vigilance, slight avocations 
wUl seduce attention, and casual eclipses of the mind will darken learning ; and that the 
vritcr shall often in vain trace his memory at the moment of need, for that which yesterday 
he kncic with intuitive readiness, and xehich will come uncalled into his thoughts 
to-morrow." 

There can be no doubt that the great man had his tongue in his cheek when he 
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Helvetica Chimica -Acta. 

Hilgardia. 

Imperial Bureau of Soil Science, Technical Communications. 

Indian Journal of Agricultural Science. 

Indian Journal of Medical Research. 

Indian Journal of Physics. , 

Indian Journal of Veterinary Science. 

Indian Lae Research Institute Bulletin. 

India-rubber Journal. 

Inilnstrial Chemist. 

Iiidu-.lrial and Engineering Chemistry. 

Indu-.lrinl anil Engineering Chemistry, Analytical Edition. 
Inlernational lieview of .Agriculture. 

International Sugar Journal. 

Iron Age. 

Iron and Steel In.stilute. C.imegio Scolarship Memoirs. 

Jounial of the Chemical Society. 



ABBREVIATIONS OF THE TITLES OF JOURNALS, ETC. svii 


J. Fuel Soc. Japan . . . 

J. Gen. Chem. Hues. 

J, Gen. Physiol 

J. Geol 

J. Geol. Soc. Tokyo . 

J. Hygiene 

J. Mian Chem. Soc. 

J. Indian Inst. Sci. . 

J. Ind. Hyg 

J. Infect. Dis 

J. Inst. Breiv 

,7. Inst. Electr. Eivj. . 

J. Inst. Fuel 

J. Inst. Metals .... 
J. Inst. Petroleum Tech. 

J. Inst. Seioage Purif. . 

J. Iron and Steel Inst. . 

J. Jap. Ceram. Assoc. . 

J. Landw 

J. Marine Biol. Assoc. . 

J. Med. Bes 

J. Min. Agric 

J. Min. Agric. N. Ireland . 
J. New England U'ater 

IForks Assoc 

J. Nutrition 

J. Oil Col. Chem, j4«soc. 

J. Opt. Soc. Amer. , 

J. Org. Chem 

J. Path. Bad 

J, Pharm. Chim. , . 

J. Pharm, Exp. Ther. , 

J, Pharm. Soc. Japan . 

J. Physical Chem. . 

J. Phys. Chem. Russ. . 

J. Physiol 

J. Physiol. Path. gin. 

J, Phys. Radium 

J. Pomology 

J. pr. Chem 

J. Proc. Asiatic Soc. Bengal 
J. Proc. Austral. Chem. Inst. 
J. Proc. Roy. Soc. New South 

U'ales 

J. Res. Nat. Bur. Stand. 

J. Roy. Agric. Soc. . 

J. Roy. Ilorl. Soc. . 

J. Roy. Microscop. Soc. 

J. Roy. Soc. Australia 
J . Roy. Tech. Coll. . 

J. Rubber Res 

J. Rubber Res. Inst. Malaya 
J. Sci. Hiroshima Univ. 

J. Sci. Instr 

J. Sci, Tech. India . 

J . Scot, Met. Soc. 

J. Soc. Arts 

J.S.C.I 

J. Soc. Chem. Ind. Japan . 

J. Soc. Dyers and Col. . 

•7 . Soc. Glass Tech. . 

J. Soc, Leather Trades' 

Chem 

•7. S. African Chem. Inst. . 
■7. South. East, Agric. Coll. , 
J. State Med. 

J. Tcjrt. Inst 

J. Lniv, Bombay 


Journal of the Fuel Society of Japan. 

Journal of General Chemistry, Russia (formerly J. Russ. Phys. 
Chem. Soo.). 

Journal of General Physiology. 

Journal of Geology. 

Chishitsugaku Zasshi (Journal of the Geological Society of Tokyo). 
Journal of Hygiene. 

Journal of the Indian Chemical Society. 

Journal of the Indian Institute of Science. 

Journal of Industrial Hygiene and To.xicology. 

Journal of Infectious Diseases. 

Journal of the Institute of Brewing. 

Journal of the Institution of Electrical Engineers. 

Journal of the Institute of Fuel. 

Journal of the Institute of Metals. 

Journal of the Institution of Petroleum Technologists. 

Journal of the Institute of Sewage Purification. 

Journal of the Iron and Steel Institute. 

Journal of the Japanese Ceramic Association. 

Journal fiir Landwirtschaft. 

Journal of the Marino Biological Association of the United Kingdom. 
Journal of Medical Research. 

Journal of the Ministry of Agriculture. 

Journal of the Ministry of Agriculture of Northern Ireland. 

Journal of the Now England VS^ater Works Association. 

Journal of Nutrition. 

Journal of the Oil and Colour Chemists’ Association. 

Journal of the Optical Society of America. 

Journal of Organic Chemistry. 

Journal of Pathology and Bacteriology. 

Journal do Pharmacie ot do Chimio. 

Journal of Pharmacology and Experimental Therapeutics. 

Journal of the Pharmaceutical Society of Japan. ( Ynkugakuzasslii.) 
Journal of Physical Chemistry. 

Shumal Fizitsoheskoi Chimii. 

Joumol of Physiology. 

Journal do Physiologic ot do Pathologie gdneralo. 

Journal do Physique ot lo Radium. 

Journal of Pomology and Horticultural Science. 

Journal fiir praktischo Chomio. 

Journal and Proceedings of tho Asiatic Society of Bengal. 

Journal and Proceedings of tho Australian Chemical Institute. 

Journal and Proceedings of tho Royal Society of New South Wales. 
Journal of Research of the National Bureau of Standards. 

Journal of tho Royal Agricultural Society. 

Journal of tho Royal Horticultural Society. 

Journal of tho Royal Jlicrosoopical Society. 

Journal of tho Royal Society of West Australia. 

Journal of tho Royal Technical College (Glasgow). 

Journal of Rubber Research. 

Journal of tho Rubber Research Institute of Malaya. 

Journal of Science of tho Hiroshima University. 

Journal of Scientific Instruments. 

Journal of Science and Technology, India. 

Journal of tho Scottish Meteorological Society. 

Journal of tho Royal Society of Arts. 

Journal of tho Society of Chemical Industry. 

Journal of tho Society of Chemical Industry, Jaj)aii. (Kogvo 
Kwagaku Za'-sbi.) 

.Tounial of tho Soeioty of Dyers and Colourist.s. 

Journal of tho Society of Glass Technology. 

Journal of tho International Society of Leather Trades’ Chemists.' 
Journal of the South African Chemical Institute. 

Journal of the South-Eastern Agricultural College, Wye, Kent. 
Jounial of State Medicine. 

Journal of the Textile Institute. 

Journ.ll of the University of Bombay. 
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J. Vttn's Giz 
J, n'askington Acad Sc* 

J. Weil Scotland Iron Sled 

Imt 

Kalt . .... 

KauUchuk . . . 

K. Sicnsl-a Vet. Alad 

Handl 

Keniuety Agrtc. Ezp Slat 

Bull 

Keram. RundKh. 
Kdlotd-Beth. 

Kolloid. Shurn 
Kollcid Z. . . . 

Kunsistoffe . . 

Lait 

landii'. Jahrb 

Landic Feriucht Slat . . 

London Shellac lies. Bur , 
Tech Paper 
Louisiana Planter . 

Malay Agrie. J. 

Mass Agrie. Ezp Sta Bull 
Mttlene Plast . . . 

Mtdd K. Vetenslcapsahid 
Nobd’Insl. . . . 

Mti. Doiieiad. . . . 
Mem, Aeead Lineei . 

Mem. Accad Set. Torino . 
Mem Coll Agric. Kyoto 
Mem, Coll. Sa. Kyoto . . 
Mtm. Dept Agne. India 
Jfem. Inst. Chtm. Vkrain 
Aead Set. 

Mem. Manchester Phil Soc 

Mim. Poudrts .... 
Mim Boe. Inj. Civ France 

'■ItlaXlnd. . . .1 

Metal Progr. . I 

Mitall u. En . I 

Metallges. Bev 
Metallurgia 

Met it Alloys j 

Metals Tech. . • • I 

Mtlrop Water Bd. Rep. .1 

Agne. Exp. Sta SuU ' 

Mikrochem 
Milch Forsch. 

Milch. Zentr. 

Miltlnd. . 

Milk Plant Month. 

Min. Mag. 

Mm. it Met 

Missouri Agrte, Ezp. Sta. 

Res Bull 

Mitt. Kohlenforsekiingsmst, 
Prog . . . . 

Milt. Lebensm llyg 

-ViK. Materialpru^ 

.Vilt vied. Oes 'J . 

Milt Path. Inst. K. Vnii 

Mill Tcziil/orsch Kttjtld . 
Monatsh. ... 


Joumal (IpS Usinrs k Gaz. 

Journal of the Waahiagton Academy of Sciencca. 

Jooraal of the West of Scotland Iron and Steel Institute. 

Kali 

Kantschnk. 

KongLga Srenalca Veteoskaps Akademiens Handlmgs.^, 

Kentucky Agncnltnral Experimental Station, Bulletin. 

Keramiscb Rimdschaa. 

KoUoid.BeiheRe. 

KoUoidni Shnraal. 

KoUoid Zeitachnft. 

Kunststoffe. 

Le Last. 

The Lancet. 

Landwirtachaftbche Jahrbucher. 

Die landsnrtschaftbchcn Versuchs Stationen. 

London Sbella* Reaeareh Buteaa, Technical Paper. 

Louisiana Planter. 

Malayan Agncnltural Journal. 

l^fassachnsetts Agncnlturai Experiment Station Bulletin. 

Slatene Plastiche. 

Meddelaoden frAn Kongl V'etenskapsakademiens Nob^Mnstitnt. 
&Iedycyna Dc^madczalaa i Spohczsa. 

Memorie deOa Reale AccadeiQia Nazionale dei Lineei. 

Memorie della Reale Accademia delle Science di Toniio. 

Memoirs of the College of Agncnltnre, Kyoto Imperial Unitersity. 
Memoirs of the College of Science, Kyoto Imperial Uiurersity. 
Memoirs of the I>epartmeDt of Agriculture in India. 

Memoirs of the Institute of Chemistry, Ukrainian Academy of 
Sciences. 

Memoirs and Proceedings of the Manchester Liteca^ aod Philo- 
sophical Society. 

Memonal des Poudres. 

Mf motrca et Compte rendu des Traeanz de la Soci4t6 des Ine^nieura 
fVr.A' .As jRsr.TCW. 

Metal Industry. 

Metal Progress. 

Metall Qnd Erz. 

MetaUgesellscbaft Periodic BeeieTr. 

Metallurgia. 

Metals and Alloys 
Metals Technology. 

Metropolitan Water Board Reports 

Michigan Agricultural Experiment latation Bulletin. 

Mikrocbenue. 

Slikhwutscbafthches Forschungen. 

Slilchwirtscbaftbches Zentralblatt. 

Milk Industry. 

Milk Plant Monthly 

Mmeralogical Magszuie and Journal of the Mineralogieal Society. 
Mming and Metallurgy. 

Slissoun Agncultural Experiment Station Research BuUetm. 

Slitteilungen des Kohlenfoiscbungsinstituts in Prag. 

Mitteilungeo aus dem Gebiete der Lebenamitteluntersiichungen und 
Hygiene. 

Mitteiliingen ai 
llcst 

Mitteilungen der n>ediziius(.hen Geaellschaft zu Tok^o. 

MittciluDgen aus dem pathologischen Inatitut der Kaiscrbcben 
UniTersilal ru Sendai, Japan 
Mitteilungen der TcxfilTorschuagsanstalt Krefeld e.V. 

Monatsbefic fur Chemie und vernandte Teile anderer Wisscn- 
scbaflcn. 


I Materialprufunggamt zu Gro^, Lichterfelde 
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ABBREVIATIONS OF THE TITLES OP JOURNALS, ETC. 


Montana Agric. Mxp. Hla. I 

Dull ! 

Month. J. Inst. Metals . . 1 

Month. Not. Roy. Astr. Soc. 
Month. Rep. Dept. Agric. N. 
Ireland. 

Muhlenlab 

Munch, med. Woch. . 

Nachr. Ges. IFtsa. Gottingen 
Nat. Butter tfc Cheese J. 

Nat. Paint Var. Assoc. Circ. 

Nature 

Naluurwetensch. Tijds. . 

Naturwiss 

New JIamps. Agric. Exp. 

Sta. Bull 

New Jersey Agric. Exp. Sta. 

Bull 

New Phytol 

New York Agr. Expt. Sta. 

Bull 

New York (Geneva) Agric. 

Exp. Sta. Bull. 

Ncio Zealand Dominion 

Laby. Rept 

New Zealand J. Sci. Tech. . 
Nova Acta Soc. Sci. . 

Nvtr. Abs 

Offers. Finska Vel.-Soc. 

Oel u. Kohle 

Off. Digest 

Ohio Agric. Exp. Sta. Bull. 

Oil and Gas J 

Oil and Soap .... 
Oklahoma Agric. Exp, Sta. 

Bull 

Osterr. Chem.-Zlg, 

Oversigt Danske Vid. Selsk. 


Man. 


Pacific Pulp and Paper Ind. 
Paint Manuf. 

Paint, Oil, and Chem. Re 
Paint Tech. . 

Paint and Var. Prod. 

Paper .... 

Paper Ind. . 

Paper-Maker 
Paper Trade J. 

Papier-Fabr. . 

Pedology . 

Peint., Pig., Ver. 

Ptrf. tt Essent. Oil Rec. 
Petroleum 
Pfiager's Archiv 
Pharm. J. 

Pharm. Wetkblai 
Pharm. Ztg. . 

Pharm. Zentr. 

Philippine Agric 
Philippine J. Sci 
Phil. Mag. 

Phil. Tra'ns. . 

Phot. Ind. 

Phot. J. . . 

Phot, Korr. . 

Physica . 

Physical Rev. 

Physics 


Jlontana Agricultural Experiment Station Bulletin. 

Jlonthly Journal of the Institute of Metals. 

Monthly Notices of the Royal Astronomical Society, London. 
Monthly Reports of the Department of Agriculture of Northern 
Ireland. 

Das Jluhlenlaboratorium. 

Miinchener medizinische Wochenschrift. 

Nachrichten von der Gesellschaft tier Wissenschaften zu Gottingen. 
National Butter and Cheese Journal. 

National Paint, Varnish, and Lacquer Association, Inc., Circular. 
Nature. 

Natuurwetenschappelijk Tijdschrift. 

Dio Naturwissenschaften. 

New Hampshire Agricultural Experiment Station Bulletin. 

New Jersey Agricultural Experiment Station Bulletin. 

New Phytologist. 

Now York State Agricultural Experiment Station Bulletins. 

Now York (Geneva) Agrieultural Experiment Station Bulletin. 

New Zealand Dominion Laboratory Reports. 

New Zealand Journal of Science and Technology. 

Nova Acta Rcgiae Societatis Scientiarum UpsaUensis. 

Nutrition Abstracts and Reviews. 

Ofvcrsigt af Finska Vetenskaps-Societetens Forhandlingar, 
Helsingfors. 

Oel und Kohle. 

Ofhcial Digest of the Federation of Paint and Varnish Production 
Clubs. 

Ohio Agricultural Experiment Station Bulletin. 

Oil and Gas Journal. 

Oil and Soap. 

Oklahoma Agricultural Experiment Station Bulletin. 
Osterrcichisoho Chemiker-Zeitung. 

Oversigt over det Kongehge Danske Videnskabemes Selskabs 
Forhandlingar. 

Pacific Pulp and Paper Industry. 

Paint Manufacture. 

Paint, Oil, and Chemical Review. 

Paint Technology. 

Paint and Varnish Production Manager. 

Paper. 

Paper Industry. 

Paper-Maker and British Paper Trade Journal. 

Paper Trade Journal. 

Papier-Fabrikant. 

Pedology. 

Peinturo, Pigment, Vemis. 

Perfumery and Essential Oil Record. 

Petroleum (German). 

Archiv fur die gesamto Physiologie des Mcnseliea und der Tiere. 
Pharmaceutical Journal. 

Pharmaceutisch Weekblad. 

Pharraazeutisoho Zeitung. 

Pharmazeutischo Zontralliallo. 

Philippine Agriculturist. 

Philippine Journal of Science. 

Philosophical Magazine (The London, Edinburgh, and Dublin). 
Philosophical Transactions of the Royal Society of Loudon. 
Photographischo Industrie. 

Photographic .Journal. 

Photographischo Korrespondenz. 

Phj’sica. 

Phjsical Review. 

Physics (now Journal of Applied Physics). 



abbrcvhtions of the titlps of journals, etc. 


Physthtl. Z. . . ■ 

Phya\lal. Z. SovitlumoU 

Phytopath 

Phytopalh. Z. . • • 

Plant Physiol. 

Plania. (Z. vnss. Biol ) • 
Plast Massi . . ■ 

Poultry Set. . • • 

Ptoc. Acad. Set. Ayra and 
Oudh 

Proc.Amer Acad ArlsSci. 
Ptoo. Amtr. Gas Assoc 
Proc. Atner. Phil Soe • 
Ptoc. Atner Physiol Soc 
Proc. Amer. Soe. Siol Ghtm. 
Ptoc. Amer. Soc. Cti £rig 
Proc Amer. Soe. 'Test Mat 
Proc. Austral. Jnsl Min. 
Mel . 

Proc. Camb Phil. Soc 
Proc. Durham Phil Soc 
Proc Eny Soe IV. Pa 
Proc. Imp. Acad Tokyo 
Proc Indian Acad Set. 

Proc. Inst, Ctu Eng 
Proc. Inst, Mech Eng. 

Proe InUrnat Cemg 
Set. 

Proe Internal Soc Soil Set 
Proc K. Akad Uetensch 
Amsterdam 

Proe, Leningrad Dept, Mtst 
j er( . . 

Proc, Muslim Assoc 

Proe Nat Acad Set • 
Proe. Noia SeoUan Inst Set 
Ptoc Phil Soe Olasgoii) 
Proc. Physical Soc. 

Proe Physiol Soe. . ■ 

Proe Roy Inst . 

Proc Roy Insh Acad ■ ■ 

Proe. Floy Soe. 

Proc. Roy Soc Edin 
Proc Roy Soc Med 
Proc Roy Soe. Queensland 
Proc Roy. Soc. Tasmania . 
Proc Set. Assoc , Vtziana- 
gram. 

Proc Soc. Exp Siol Med 
Proc S. Hales Inst Etiy 
Pioc. Tech, Sect paper 
Makers’ Assoc. 

Pros. US Nat Mus 
Praloplasma . 

Pnemyil Chem 
Pull. Fac Sa. Vnii. 
Masaryk 

Pulp and Paper Mag 
Canada 

Quart. J. Exp. Physiol 
Quart. J. Geol Soc 
Quart. J. Med 
Quart. J. Pharm 
Queenslaml J. Agrtc 
Rayon Text Month 
Rcc. Australian Mus 
Rec. Irar. bol Neerlav.I 
Rec. liav chilli. . 


Ph3?siLab9Cbe Zeitschnft. 

Phy3il.alificho ZcitsclinR, der Sovictuiuon. 

Phytopathology. 

Phytopathologischc Zcitschnft. 

Plant Physiology. 

Planta (Zeitschnft fur wisscnschaftLeho Biologie). 

Plastitschckio llassi 
Poultry Science 

Proceedinga of tho Academy of Sciences of tho United Provmcea of 
Agra and Ondh, lodi.! 

Proceedmgs of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association 
Proceedings of the American Philosophical Society 
Proceedings ol llie American Ph) Biological SocieVy. 

Proceedings of the American Society of Biological Chemists. 
Proceedings of the American Society of Cml Engineers 
Proceedings of the Amernaii Society lor Testing Materials. 

PjocCLdwys of the Aostiala«>ian Institute uf Mining and Metallurgy. 
Proceedings of the CaniLrulgo l’hilo«ophi(.al Societt 
Proceedings of the University of Durham Philosopliical Society. 
Proceedings of the Engineers’ Society of W estem Peoiisj Irauia. 
Proceedings of tho Im|>crial Academy (Tokyo). 

Proceetlings of the Indian Academy of Sciences 
Procwlings of tho Institution of Cinl Engineers 
Proceedings of tho Insiitutioo of MechanicBl Engineers. 

Proceedings of the Tniemationat Congress of Soil Scvence. 
Proceedings of the International Soci tj of boil Science 
KonmkLjko Akaihruo van Uctcnscliapperi to AnDsterdain Pro- 
ceedings (EnghsU version) 

Pfooeetliiigs of Ibo Ltiungnd Dcpaitmnital Institute of Fertilisers 
Procevdings of th<* Muvtiiii Association toi the Advancement uf 
Science 

ProcevdiDgs of the National Academy of Scicncoii 
Proccubngs of the Nova .Scotian liisliuite of Science 
i’tocevdiogs of the tJIa^gow Philosophical Society 
Proceedings of the I'h.vsical Society of London 
Proceedings of tho Physiological Society 
Proceedings of the Koyal Institution oi Great Britain 
Proceedings of the Koval Irish Academy 
Proceedings of tho Koyal Society. 

Proceedings of the Ko\ al Society of Edinburgh 
Proceedings of the Uo^•j SMiety of Medicine. 

Proceedings of the Koyal Society of Queensland. 

Proceedings of tho Royal Society of Tasmania 
Proceedings of the .Science Association, Maharajah’s College, 
Vizianagram. 

Proceedings of the Socuty for Experimental Biology and Medicine. 
Proceedings of the bouUi \\ ales Institute of Engineers 
Proceedings of tho Technical Section of Ihc Paper Makers’ Assotia 
tion of Great Britain and In land 
Proceetlings of the Unifod States A^afional Ilfusouui. 

Protoplasma 
Przcmysl Chcmiczny 

Publications do la Facultc dcs Sciences de I’UniversitS Masaryk 
(Spjsy vydavan^ Prirodov edeckou I'acoultou Masarykovy 
University) 

I’ulp and Paper Magazine of Canada 
Quarterly Journal of Experimental Physiology. 

Quarterly Journal of the Ccolc^ical Society. 

Quartirly Journal of Medicine 

Quarterly Journal of Pliarmacy and Pharmacology 

Queensland Journal of Agriculture. 

Uayon Icxtile Monthly 

lleionls ot the \uvttali m Mu-x um 

Uecucil dcs travaux botaniquis Atcrlandaise" 

Ivccuiil dcs travaux chiinutui s d»s Pay. Bas 
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Jlffiner ...... 

Bend. Accad. Sci. Fis. Alat. 

Napoli 

Bend. 1st. Lomb. Sci. Lett. . 
Bensselacr Polyt. Inst. Bull. 
Bep. Aust. Assoc. Sci. . 

Bep. Bril. Assoc. 

Bes. Stud. Slate Coll. Wash- 

{nylon 

Bev. Aluminium 

Bev. C/iim. pura appl. . . 

Bev. Fac. Quim. Ind. Agric. 
Bev. Gin. Mai. Col. . 

Bev. Met 

Bev. 31 od. Physics. . 

Bev. Sci. Insir 

Bocz. Chem 

Shorn. Trud. Ukrain. Chim. 
Inst. Odessa .... 

Science 

Sci. Agric 

Sci. and Cull 

Sci. el Ind 

Sci. Ind. Bep. Route- 
Bertrand Fils . 

Sci. Mem. Univ. Saratov 
Sci. Papers Inst. Phys. Chem. 

Res. Tokyo .... 
Sci. Proc. Roy. Dublin Soc. 
Sci, Quart. Nat. Univ. Peking 
Sci, Rep. Hiroshima Tech. 

Sch 

Sci, Rep. Tdhoku 
Sci. Rep. Tsing Ilua Univ. 
Sci. Sect. Nat, Paint, Var. 
Assoc. Circ. 

Sci. Trans. Roy. Dubl. Soc. 

Scot. J. Agric 

Scifens.-Ztg 

Sewage Works J. . . . 

Sitzungsher. Akad. IFim. 

TFicn 

Sitzungsher. Heidelberger 

Akad. IFi'm 

Sitzungsher. Preuss. Akad. 

IFiss. Berlin .... 
Smithsonian 3Iisc. Coll. 

.Soap 

Soap Trade Rev. 

•S'oii Res 

Soil Sri 

Sjnnmr/? 

Sprcchsanl 

Stahl u. Risen .... 

Sfain Tech 

Staz. sper. agr. ital. . 

Steam Eng 

Sugar Bull 

Suomen Kern 

Superphosphat . . . . 

Superphosphate . . . . 

Siensk Kern. Tidskr. 
Tasmanian Agric. J. 

Tech. Milt. Krupp . 

Tech. Publ. Tin Res. Counc. 

Tech. Rtp. Tdhoku . . . 


Refiner and Natural Gasoline Manufacturer. 

Rendiconto dell’ Accademia dclle Scienze Fisiche e Matematiohe, 
Napoli. 

Rendiconti doll’ Reale Istituto Lombardo di Scienze e Lettere. 
Rensselaer Polytechnic Institute Bulletin. 

Report of the Austrahan Association for the Advancement of 
Science. 

Report of the British Association for the Advancement of Science. 

Research Studies of the State College of Washington. 

Revue do rAluminium. 

Revista do Chimica pura e applicada, Orgao do Sociedade Portu- 
guSsa do Quimica c Fisica. 

Revista do la Facultad de Quimica Industrial y Agricola. 

Revue Generalc des Matures Colorantes. 

Revue do Metallurgie. 

Review of Modem Physics. 

Review of Scientific Instmments. 

Rocznild Chemji organ Polskiego Towarzystwa Chemioznogo. 
Sbomik Tmdov Ukrainskogo Nautschno-Issledova-Telskogo 
Chimitscheskogo Instituta Odessa. 

Science. 

Scientific Agriculture. 

Science and Culture. 

Science et Industrie. 

Scientific and Industrial Reports of Roure-Bcrtrand Fils. 

Scientific Memoirs of the University of Saratov. 

Scientific Papers of the Institute of Physical and Chemical Research, 
Tokyo. 

Scientific Proceedings of the Royal Dublin Society. 

Science Quarterly of the National University of Peking. 

Scientific Reports of the Hiroshima Higher Technical ScIiooJ. 

Science Reports, Tohoku Imperial University. 

Science Reports of the National Tsing Hua University. 

Scientific Section, National Paint, Varnish, and Lacquer Association, 
Inc., Circulars. 

Scientific Transactions of the Royal Dubhn Society. 

Scottish Journal of Agriculture. 

Seifcnsiedor-Zoitung. 

Sewage Works Journal. 

Sitzungsborichto dcr Akademio dcr Wissenschaften, Wien. 

Sitzungsberichto dcr Heidelberger Akademio der Wissenschaften. 
Sitzungsbcriolito der Preussischen Akademie dcr Wissenschaften zii 
Berlin. 

Smithsonian Miscellaneous Collection. 

Soap. 

Soap, Perfumery and Cosmetic Trade Rcvieu . 

Soil Keseaieh. 

Soil Science. 

Spar« irt-sohaft. 

Sprcchsanl. 

Stahl uiid Eiseii. 

Stain Technology. 

Stazioni spcriraentah agraiie itnliane. 

Steam Engineer. 

Sugar Bulletin. 

Suomen Komistilehti Acta Chomica Fennica. 

Superphosphat. 

Superphosphate. 

Svensk Kemisk Tidskrift. 

Tasmanian .Agricultural Journal. 

Technische Mitfeilungen Krupp. 

Technical Publications of the International Tin Research and 
Development Council. 

[Technology Reports of the Tohoku Imperial Universilv, Sendai, 

[ Japan. 



ABBREVIATIONS OF THE TITLES OF JOURNALS. ETC. 


T ttr u Btlumen .... 
Ttkn. Ttdsl. . 

TcxiHUr. 

Txda K)tm\ ... 

ToniTid 'Zty 

Traru. Atner. Inst. Chem. 

Enj. 

Trans. Atntr. Imt. iltlaU . 
Trans. Atn^r Inst J/m 
3Itt. Eng. ... 

Trans. A mtr. Soe. M*eh 

Eng 

Trans. Amer. Stx. iltl. 
Trans. Ctram. Soe. . 

Trans. Eohjc^ieo Soil Insl 
Trans f.Uetroehem Soe. 
Trans. Faraday Soe 
Trans. Insl Min Eng. 
Trans Inst 3fin. Jlet 
Trans Insl Plast Ind 
Trans Ins! Rubber Ind 
Trans A Eng. Inti. Min 
Mech Eng 

Trans litxc Zealand Insl 
Trans .Vora Scoha Insl Sei 
Trans. Opt Soc 
Trans Roy Irish Aead 
Trans. Roy. Soe Canada 
Trans Roy Soe Edin 
Trans Roy Soe S A/rien 
Trans Saratov I'nii . . 

Trop. Agrie . . 

Trop Agrie. (Trinidad) . 
Tseh.Min Mill 

US Bur. Mims, Bull, 
Tteh Papers, and Rept 
Invest. 

V.S. Bur Plant Ind. . . 

U.3 Dept. Agrie. Bull, (or 

Ctre ) 

U.S. Hyg Labor. Bull 
UBJP. . 

U.S. Publ Health Rep . 
Ukrain Biochem J. 

Ukrnin Chem. J 
VmonS Africa Dept Agrie. 
Bulls 

L’nir. Illinois Bull . 

Utah Agne. Coll Exp Slat 
Bull . . 

VerfkronxeL 

Verb Gtd Rtiehsansl If'ten 
Verh. Ges deut. Katvrfarseh 
Aertzt. 
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CHEMICAL CALCULATIONS. There 
are methods of saving time in calculating which 
although well knoT^Ti in some circles arc not, it 
seems, so widely used as they desen’C. The 
object of this article is to give a selection of 
methods, mainly of technical interest, used for 
various purposes. 

Weighing by Swings . — graph may be kept in 
the balance case on which is plotted the deflection 
caused by 1 mg. at different loads. On paper 
ruled in tenths of an inch with mflligramB as 
ordinates and scale divisions as abscissae, 
lines are ruled from 0 through the points indica- 
ting the deflections caused by 1 mg. at loads of 
100, 60, 10, 1 g. Reference to the appropriate 
lino will enable the final mg. of the weight to be 
read off without calculation. 

Simplified Division o{ the typo 124-712/99'926 
may bo carried out by adding 0-074 to the 
denominator and a proportionate number x 
to the numerator so that the fraction becomes 
(124-712-l-a:)/100. If a:=0-07x 12/10=0-084, the 
quotient is 1-24796 ; if 1=0-074x125/100= 

0- 092, the quotient is 1-24804. Calculated with 
five-figure logarithms the original diWsion yields 

1- 2480, with seven-figure logarithms 1-24804. 
Since the fifth and fourth decimal places have 
usually no significance in technical work, the 
approximation is satisfactory. 

Assay Ton . — ^This is an instance of a general 
method of avoiding calculations by the choice of 
a suitable weight of sample for analysis ; for 
instance, in the analysis of ores of gold and silver 
where the amount of precious metal is expressed 
in oz. troy per ton of 2,000 lb. avoirdupois. 
If the weigmout is 29-1666 g., the number 
of milligrams of silver or gold found is also the 
number of oz. troy per ton, since this ton con- 
tains 29166-0 oz. troy. Similarly, grains of x per 
gallon of a w-atcr may be estimated by titrating 
70 ml. of the sample with a standarf solution 
of which 1 ml.=l mg. a-, since 1 Imperial gallon 
of water weighs 70,000 grains. In each of the 
examples given 1 mg. is the same fraction of the 
amount taken for analysis ns is the smaller of 
the two commercial units of the larger. 

Jlirlures. — A method of calculating the 
quantities of two solutions, A (of higher con- 
centration, n) and B (of lower concentration, b) 

Voi, m.— 1 


required to form a mi.xturo of intermecUate 
concentration c is shown by the diagram, which 

a -> (c—b) 
b -y (a—c) 

indicates that the mixture consists of (c—b) 
parts of A and (a—c) parts of B. The symbols 
a and b may indicate normality or other measured 
property which is proportional to the con- 
centration. Parts by volume may be used 
w-hen there is <io volume change on mi.xing. 
B may bo water or a pure solvent of concen- 
tration 0. 

H. Mager (Chem.-Ztg. 1910, 34, 865) has 
published a collection ol mixture-formulse. 
The quantities of A and B required (symbols 
as in the preceding formula) for preparing a 
stated quantity M of a speoified intermediate 
concentration c are given by the equations 
i=5I(c— ii)/(o— b), w-here x= parts of A, and M— x 
=parts of B. When a given number N of parts of 
B hove to be made up to a mixture of concentra- 
tion c, by adding x parts of A, x=N(c— b)/(a— c). 

In the case that the tavo solutions A and B 
contain different solutes and that M parts of a 
mixture are required containing the solutes in 
the new proportions a'/b', x—Ma'b/(a'b+b'a). 
The corresponding problem with three solutions 
A, B, and C, of concentrations a, b, and c 
respectively when the specified quantity M of 
mixture is to contain the solutes in the propor- 
tions a' : b' : e' is solved by the equations 

rA=Ma'bc/{a'bc-(-b'ac-bc'ab). 

XB='blb'acl(a'bc+b'ac-i-c'ab). 

xo=M— (xA-l-zn). 

H. G. Nevitt (Chem. Jlet. Eng. 1932, 39, 
673) gives two charts and one table of formulm 
for " weighted per cent, calculations,” that is, 
the conversion of weight per cent, into mols. per 
cent., volumes per cent., etc. 

The general formula is P'=tj — 

^ _ 1-1-R([100-P]/P> 

where P=original % of the Ughtcr component, 
P'=weighted % of the lighter component. 
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Cochrane and Leeper (J.S.C.I. 1027, 46, 118T) 
in their study of the relative viscosities of nitro- 
cellulose solutions in mixtures of three solvents 
used triangular graphs to reeord the com- 
position of the mixtures, and as showji in Eig. 2 
drew lines on the graph joining points corre- 
sponding to mixtures possessing the same 
relative viscosity. The graph shows clearly the 
effect of alcohol and of benzene in mixtures 
containing ethyl acetate as the third constituent. 

W. Humo-Rothery (J. Inst. Metals, No. 2, 
1033, 62, 131 ; C. H. Desch, v. Bibh'ography) 


gives a graphical method of converting percent- 
ages by weight a, b, and c, of three elements, 
into atomic percentages, the atomic weights 
being tCa, U'b, and icc- 
The rolntivo numbers of atoms are 

a/u'a'.ft/uv.c/icc . . . . (1) 

whence 

altVaXtVa-bltCbXWa-.c/wcXtVa . . ( 2 ) 

or aXl:bXtValwb=='B:cXtValwc=C . (3) 

The atomic percentages of the three elements 
are obtained by dividing 100a, lOOB, and lOOC, 
in each case by 

a-pB-pC .... (4) 

In the graphical method, with 60° triangular 
ruled paper, the percentage composition of the 
nllo 3 ’ is represented by the point P in the 
equilateral triangle ABC of height 100 units. 
The weight percentages of A, B, and C are given 
bj' PX<=-a um'ts, PY=6 units, and PZ—c units i 
(cf. Fig. 1). In accordance with equation (3) 
the points ;/ in PY and : in PZ arc then marked 
so that Pt/’^PYxti'alwb, and Pz^PZxtrafiCc. 
Through y and z lines drawn parallel to AC and 
AB respectivelj' form the equilateral triangle 
afiy. In this triangle the position of the point P 
corre-sponds to the atomic composition, since 


PX, Py, and Pz are in the ratio of equation (3) ; 
meMurement of these lengths enables the 
calculation (4) to be carried out. These opera- 
tions may bo avoided by finding a new point p 
within the triangle ABC geometrically similar to 
P in the triangle ojSy. This point is found by 
drawing through B and C lines parallel to /SP 
and vF respectivelj’ which meet at p. The 
atomic composition is given by the position of 
the point p relative to the triangle ABC. 

Graphic Rcprescntalion by Two Adjacent 

Scales. ^The familiar example is a thermometer 

graduated in Fahrenheit and Centi- 
grade scales. Double scales are 
easily constructed from an ordinary 
graph, e.g. from the curve connect- 
ing the vapour tension of water 
(abscissce) with the temperature 
(ordinates). The values of vapour 
tension for each degree Centigrade are 
read off and marked on the right 
hand side of the temperature axis, 
where they form an unevenly divided 
scale. Such a scale 22 cm. long for 
temperatures from 5° to 26°, and 
pressures from 7 mm. to 25'4 mm., 
graduated to 0-2°C. and 0-2 mm. is 
sufiiciently accurate for ordinary pur- 
poses. 

Nomograms {v. Bibliography). — ^In 
many cases an equation is solved by 
drawing three (or more) vertical axes 
graduated with appropriate numerical 
or logarithmic scales. In use a ruler 
is placed on the diagram to join 
observed values on the marginal 
C scales ; the imaginary line intersects 
the third axis at a point on its scale 
giving directly the required per- 
centage, volume, etc. The accuracy 
obtained is about that of a slide 
rule for an axis of the same length but may 
bo increased ns required by dran-ing a portion of 
the graph on a larger scale. 



FlO. 4. 

Bibliography) ; of these Figs. 4 and 5 have been 
selected. Fig. 4 is a chart for the conversion 
of n given weight of one substance to the equi- 
valent weights of a number of others ; it solves 
the equation y=ax for different values of a. 
The ordinate scale on the left-hand margin 


A 



B 13 X 7 
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(Ilcrroduccd by pirmlsslon of the Institute of Metals.) 
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with tho Tiscosity 3 poises to bo prepared by 
mixing two liquids (cellulose lacquers) of 
viscosities 2 and 4 respectively, a straight 
edge is placed on the chart connecting the points 
2 and 4 on tho marginal scales, the intersection 
on the lino marked 3 gives the proportion 33-3% 
for the 2 poise lacquer. 

Nomograms in Chemical Analysis. — Zn/2nO. 
St. Reiner (Z. anal. Chem. 1920, 69, 377) 
describes in detail the construction of a nomo- 
gram of three vertical axes; readings on the two 
exterior scales represent the weight of sample 
and tho weight of zinc oxide respectively, 
these figures if joined by a black thread or a 
lino on a celluloid ruler show the percentage 
figure of zino on tho interior axis. Tho con- 
struction of radial charts of tho type of Fig. 7 
is also described by this author. 

S/BaSO^. — ^A similar nomogram reading S% 
on the interior axis was published by 0. Licscho 
(Chem. Fabr. 1928, 1, 101), this graph is drarni 
advisedly for narrow limits of tho weight of 
sample, and of barium sulphate, enabling 0-1% 
to bo read between 36% and 44%. 

Tho paper contains an interesting comparison 
with a chart for tho same purpose plotted on 
rectangular co-ordinates. 
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SbjS, and Sb^S^ from S and Sb found . — ^Thc 
diagram replaces calculations in tho rubber 
industry (ibid. 403). 

Saponification Values . — A chart in which this 
number can bo read directly is contained in 
“ Rcchcnverfahrcn,” 165 (v. Ribliography). 

Ucaclion Velocity. — 0. Liesche (ibid. 392, 
021, 583) has constructed nomograms in the 
order given, for tho relation between tho velocity 
of a chemical reaction and the teiuporaturo 
(chloracetio acid ->glycollic acid), tho velocity 
of a monomolccular and of a bimolecular 
reaction. 

Dry Weight % from Wet Weight %.— Tho chart 
by tlio same author (ibid. 377) for tliis con- 
version avoids a constantly recurring calculation 
in agricultural analysis. 

licduclion of Gas I olumes . — Several authors 
have constructed nomograms for the reduction 
of observed volumes of gas to N.T.P. Hofsass 
(J. f. Gasbelcuchtung, 1910, 58, 49) published a 
diagram which is unfavourably compared bv 
IVn. Ostwald (Angow. Chem. 1919, 32, 359) 
with his own chart on wluch the parallel axes 
for piTssuro and the reduction factor are divided 
logarithmically. Tills arrangement is criticised 
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by Schwerdt and Loebe (Chem.-Ztg. 1920, 44, 
218), who divide the corresponding axes on their 
chart with a regular scale and as a useful addition 
give 2 double scales for reducing to O^C. baro- 
meter readings on glass and brass scales respec- 
tively. Their temperature scale is curved on 
account of the correction for vapour tension (v. 
Barr, infra). Doming (l.c.) like Ostwald em- 
ploys logarithmic scales,, but his chart is too 
small for practical use. Liesche (l.c. 622) 
supplies a chart with particulars of the method of 
construction. F is the sloping axis of correction 
factors, its scale is projected from the 15° 
point of the t° axis on the loft margin, through an 
evenly divided auxiliary scale. The pressure 
axis on tho right margin is graduated down- 
wards from 700 mm. to 800 mm. The i° axis 
is graduated upwards from 5° to 25°. The upper 
limit of tho F scale Fo reads 0-8437, the loner 
limit Fe 1-0336. Fa has abscissa a:p,,=136-l 
mm., Fe has abscissa 127-0 mm. Distance of .i 
point F of the F scale from Fo in mm- 

^ (1569F-1400)/(0-5566F-b 1) 

Key equation xpl(yF—yp)=20QI(yt—yp). 

F=0-3693p/(273-l-f<). 

p Scale, 2r;)=200 mm. yj,=(800-2))x2 mm. 

< Scale, s:i=0 mm. yi={<— 5)X 10 mm. 

F scale, a;F=200/{0-5556F+l). 

2/f=(1600-1548F)/(0-55G6F+1). 

The length of axes in this chart is about 6-6 cm. 
A chart for liigher temperatures, 200°-l,000°, 
and pressures 10-200 atmospheres has been 
constructed (Liesche, ibid. 595). 

B. C. Farmer published a “ gas calculator,” a 
nomogram for the correction of volumes of wet 
and dry gas and also for the logarithm of the 
weight of 1 c.c. if the gas measured is nitrogen 
(Baird and Tatlock, London, out of print). 
Berl and collaborators («. Bibliography) have 
dran-n a nomogram for correcting the volumes 
of wet or dry gases. The reduction factor 
ranges from 0-790 to 1-000 on an axis 21-S cm. 
long. Licsche’s chart, published by Verlag 
Chemie (v. Bibliography), avoids tho use of a 
separate axis for wet gases b 3 - correcting the 
volume of a wet gas, measured over water, 
by means of a vapour tension scale on one side 
of the temperature axis, which ranging from 
5°-2C° is 21 cm. long. There is also a double 
scale on the factor axis, the right hand side 
being graduated in mg. nitrogen. Botli Berl’s 
and Liescho’s nomograms, except for their 
fragile nature, are well adapted for use in the 
laboratory. 

Tho method of constructing a gas reduction 
nomogram is discussed by G. Barr, who has 
kindlj' given his consent to the reproduction of 
the figure (Fig. 8) and description in his publica- 
tion (J.S.C.1. 1930, 49, 21T). Tho following text 
except for two small verbal alterations intro- 
duced by Dr. Barr (private communication, 
18/2/38) follows tho paper cited. 

If parallel logarithmic scales are used for B 
and /, the temperature scale is a straight line, 
divided proportionately to log (1-f at), when the 
gas is dry: when the gas is wet three straight 
logarithmically divided scales cannot afford an 
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The temperature scale for dry gases is a straight 
line, but that for wet gases is curved. The 
cun-aturc is, however, very slight, and_ the five 
points indicated are ample to fix the position and 
shape of the curve. The sub-division of the I 
scale into l/fi'C. is most readily performed by 
projection. 

Fig. 8 is, in reality, two nomograms, of which 
one scale (B) has been made identical. If the 
application of the diagram is to be confined to 
diy or to wet gases only, it may bo convenient 
to add a uniformly divided horizontal scale, as 
described and figured in J.S.C.I., 1930, 49, 22T, 
by means of which the multiplication of the 
factor may bo eifected. 
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J. N. G. 

CHEMICAL WARFARE. 

Introduction. — Chemical warfare, also called 
gas warfare, maj’ be defined ns tho use in war, 
for tho purpose of injuring an adversary, of any 
substance within the realm of chemistrj’ — 
whether gaseous, liquid, or solid — which is 
in any way harmful to tho human or animal 
organism. Chemical warfare is prohibited bj- 
the Genova Protocol of 1925, and tho prohibition 
includes any lachrymatorj', irritant, vesicant, 
nsphy.viant, or poisonous substance, but ex- 
cludes the normal use of recognised explosives 
and of products employed ns screening smokc.s, 
which latter, under normal conditions of use, 
arc not injurious to human beings. 

Chemical warfare substances, which arc often 
called poison gases or simply gas, generally 
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produce their effect on tho human body either 
when breathed in the form of vapour or finely 
divided particles, or by contact with the eyes 
or skin, whether in the form of vapour or liquid. 

Physiological Classification . — Chemical war- 
fare substances may be classified according to the 
chief effect which they exercise on the human 
body. They fall into the following three main 
groups, which depend solely on the part of the 
body mainly affected : 

(1) Lung irritants, which attack tho lungs and 
breathing passages. The severity of tho effects 
depends upon the substance used. Some gases, 
such as chlorine and phosgene, will produce 
death if breathed in sufficiently high con- 
centration, and are said to bo lethal. On the 
other hand, substances such ns the arsenicals, 
which are used in the form of clouds of finely 
divided particles (sometimes called toxic 
smokes) produce intense irritation of tho breath- 
ing passages, but the effects, while painful, are 
usually only temporary, and pass off completely 
in an hour or two after leaving tho contaminated 
atmosphere. This main group is sometimes 
divided into two classes, namely lethal gases, to 
include those which may cause death, such as 
chlorine and phosgene, and sensory irritants, to 
cover those which affect tho breathing passages 
but are generally not lethal, like the arsenicals. 

(2) Eye irritants (lachrymators, or tear 
gases). Even in very small amounts these have 
an immediate and painful effect, causing so pro- 
fuse a flow of tears that it is generally very 
difficult, if not impossible, to see. The effects 
soon wear off and no damage is done to tho eyes. 

(3) Skin irritants (blistering gases, or vesi- 
cants). These substances, of which mustard 
gas is a typical example, attack tho skin, and 
in tho worst cases cause deep and extensive 
blisters. No pain is felt on contact with the 
liquid or tho vapour, and the effects do not 
show themselves until after a few hours. 
Mustard gas also attacks tho eyes and lungs, 
and hero again there are no immediate symp- 
toms. This constitutes one of tho greatest 
dangers in dealing with mustard gas. There 
have been recent references to a new type of gas 
called a “ prickling ” gas. Such a substance, 
tho main action of wliich is on tho skin, would 
fall into tho skin irritant class. 

The above classification is of a very general 
nature, since most gases act on more than one 
part of tho body. In fact, most war gases affect 
the eyes, whatever action they may have upon 
other parts of the bod}'. The effects produced 
by any war gas depend on the concentration of 
the gas and tho length of time a person is exposed 
to it. By concentration is meant the amount of 
gas in tho atmosphere ; this is usually expressed 
ns 1 vol. or part of the gas, assumed to be in 
the form of vapour, in a stated number of 
volumes or parts of air, or as so many milligrams 
of tho gas in a litre of air. Tho higher tho 
concentration, tho shorter is tho exposure re- 
quired to produce death or injur}*. In tho case 
of gases which injure the lungs, a man must, 
however, breathe a certain minimum quantity 
of the poison before it will do him any real 
harm, the amount of harm depending not only 
on the nature of the gas, but also on the 
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Lethal and Incapacttatino Concentrations foe an Unprotected Man. 



Efiective concentration (i.e. con- 
centration which will incapaci- 
tate) for unprotected men for 
exposures of : 

I/Cthal concentration for 
unprotected men for 
exposure of : 

Concentration 
which can be 
breathed in 

definitely with- 
out damage. 


2 minutes. 

10 minutes. 

2 minutes. 

10 minutes. 

Diphenyl chloroarsino 
Diphenylamine chloro- 
arsine .... 

1 :7-5 million 

1 :75 million 

1:8,000 

1:40,000 

1:1,000 million 

1:7-5 „ 

1:75 „ 

1:8,000 

1:40,000 

1:1,000 

Diphenyl cyanoarsino 

1:17 

1:170 „ 

1:16,000 

1:80,000 

1:2,500 

Ethyl iodoacotato. 

1:5 

1:10 „ 

(1) 

(1) 

1:100 

Chlorine .... 

1:10,000 

1:40,000 

1:2,000 

1 : 10,000 

1:175,000 

Phosgene .... 

1:70,000 

(2) 

1:10,000 

1:50,000 

1:1 million 

Chloropicrin . 

1:100,000 

1:200,000 

1:4,000 

1:20,000 

1:1 

Chloroacetophenone . 

1 :5 million 

1:100 million 

(1) 

(1) 

1:250 

Bromobenzyl cyanide 

1:10 „ 

1:25 „ 

(1) 

(1) 

1:250 „ 


(1) In practice a lethal concentration can hardly be obtained in the field with the lachrymators 
ethyl iodoacetatc, chloroacetophenone, and bromobenzyl cyanide. 

(2) A concentration of phosgene which is just insufficient to cause immediate coughing or 
lachrymation can usually be tolerated, since the initial irritation tends to subside. Such an atmo- 
sphere is extremely dangerous, as continued inhalation may end fatally. 


aspects of chemical warfare agents is outside 
the scope of the present article, but the biblio- 
graphy (p. 17) contains a list of the more 
important publications on the subject. For 
most purposes the “ Manual of Treatment 
of Gas Casualties,” issued by the War Office 
and obtainable from H.M. Stationery Office, 
will be found adequate. 

Methods of Use . — Chemical warfare, in the 
now accepted sense, started with the liberation 
of chlorine from cylinders by the Germans in 
1915. Subsequently other noxious substances 
were used in shell, trench-mortar bombs, and 
grenades, and as experience developed, the 
shell — by which is meant the artillery sbell — 
became the chief weapon for the use of chemical 
warfare agents. The use of gas in artillery 
shell was practically confined to shell of calibre 
of 0 in. and under, the most effectivo calibres 
being between 4 in. and 6 in. The artillery shell 
suffors from the defect that the ratio of weight 
of gas contained in it to the total weight of the 
shell is low unless thin walled shells made of 
steel of high tensile strength are used. The 
quantities of gas contained in typical war shells 
were approximately ns follows in the case of 
phosgene and m>iatard gas : 


Calibre. 

■Weight of gas. 

% Ratio of 
weight of gas 
to total wciglit 
of shell. 


lb. 


3 in. (75 mm. and 



18 pdr.) . . 

1-3 

0 

4-5 in. (105 mm.) 

4-25 

10 

C in. (150 mm.) . 

11-0 

11 


In the normal gas .shell, an air space of about 
10% was allowed, to permit of the expansion 
of the contents with heat. There was a small 


bursting charge in the head of the shell just 
sufficient to break it open and distribute the 
contents effectively. A percussion fuse was 
employed. Towards the end of the war the 
Germans introduced the use of a mustard gas 
shell with a big explosive charge to produce 
very fine atomisation of the contents, thus dis- 
sipating the gas in a highly toxic cloud but 
reducing the amount of liquid scattered on the 
ground and thus decreasing the persistence. 
For solid arsenicals like diphenylchloroarsino and 
diphenylcyonoarsino the Germans employed a 
shell in which the toxic material contained in a 
bottle was embedded in high explosive. This 
shell (called blue cross) was practically a double 
purpose shell, as it had considerable explosive 
value as well as liberating a toxic cloud, or 
smoke, of finely divided particles of the arsenical. 

Trench mortar bombs of 3 in. and 4 in. calibre 
were also used with effect, but they suffered 
from the disadvantage of short range. For the 
gas bombardment of an important area the 
most effective weapon was the Livens projector, 
a crude mortar with no great accuracy and 
limited range, but which had the advantage that 
largo numbers, running into thousands, could 
bo fired simultaneously. The bomb or drum 
contained a largo amount of gas (about 30 lb.) 
and tho ratio of gas content to total weight was 
high (about 40%). Tho gas generally used was 
phosgene. A very heavy concentration could 
be put down at once over an area and tho 
concentration was so high that troops taken by 
surprise were killed or disabled before they could 
put on their gas masks. 

At the ond of tho war a new development 
was teing initiated for tho liberation of poisonous 
or irritant smokes by tho volatilisation by means 
of heat of solid arsenicals in stationary appli- 
ances generally known as gcnenitors. An im- 
portant object in using such smokes was to 
penetrate the gas mask and cause the wearer to 
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remove it and *o expose himself to the action of 
lethal gases used at the same time. The degree 
of penetration obtainable depends on the eizo 
of the particles in the smote ; the smaller the 
particle the greater is the penetration, hut smce 
the actual quantity of matenal passing through' 
the mask is what matters from the point of view 
of the subsequent physiological effect on the 
wearer, the result is that for each typo of mask 
there is a particular sue or range of sires giving 
the beat practical results. This repreaents' 
the condition which gives the maximum 
amount of toxic matenal actually reaching the 
wearer. 

The use of gas in aircraft bombs was subse- 
quent to the Great War a fully authenticated 
case being the employment of mustard gaa m 
air bomba by the Italians in the Abyssinian 
campaign in 1935-36. Air bombs can have 
quite thin walls and the percentage ratio of 
weight of gas to total weight may be SO and 
over, thus showing a very high efficiency as 
compared with the shell. The post war penod 
has also seen developments for the use of bquida 
by spraying from aircraft (also employed with 
mustard gas in the Abyssinian campaign! 
or in other ways involving discharge under 
pressure or into heated pipes, such as engine 
exhausts. 

ifain ChttTKUmUca — Tbs table (pp 12-15) 
gives the mala charactenaties of all the chemical 
wsrfaro agents which have been used. The 
term “ trench-oortsr bombs" refers to all 
short-range weapons, of which the Livens pro- 
jector was a particularly effectivs type The 
term “ nensde " refers to bombs for throwing 
by hand. The symbols used in the table have 
the following signiffcanco ■ 

Each. « Lachrymatory 
Leth. Lothaf 
W. Ltmg iantan't 
V. B Vesicant 
K.I. » Not important 
T.M. «• Trench mortar 

While many substances were used by them- 
selves for offensive purposes, others such as 
prussic acid were employed only in admixture 
with other materials in order to obtain tbeir 
maximum efficiency. Other mixtures were used 
when it was desired to produce more than one 
effect at the same time ; for example, a mixture 
of tnchloromethyl chloroformate, phosgene, and 
diphenylchloroarsine was used by the Germans 
to get a moderatelv persistent lethal effect in 
conjunction with the highly irritant but non- 
lethal action of the arserucal; a further intention 
was to bring about the penetration of the gas 
masks of the period, which were comparatively 
poor in their protection agamst an arsenical 
toxic smoke, thus causing the wearer to remove 
the mask because of the imtant action on his 
breathing passages and so expose himself to the 
toxic action of the other two constituents. 
Such double purpose mixtures are now generally 
regarded aa of doubtful utility. The mam 
mixture* are eet out below. Where the com^ 
positions were approximately constant the 
percentage of eacn constituent by weight ii 
indicated in brackets. 


Bromoacetone (80%) and chloroacetone (20%). 

Chlorine (50%) and phosgene (50%)- 

Chlorine (70%) and chloropicrin (30%). 

Chloropicnn (65%) and hydrogen sulphide 
(35%). 

Chloropicnn (80%) and stannic chloride 
(20%)- 

Chloropicnn (75%) and phosgene (25%). 

^anogen bromide with bronioaeetone or 
bromometbyl ethyl ketone. 

fip Dichlorodielhyi sulphide (80%) ^nd either 
chlorobenzene or carbon tetraclricride (20%). 

Dimetbylsulphate (76%) and methyl chloro- 
aulphonate (25%). 

Diphenylcyanoarsme (50%) and ethylcat- 
bazoie (60%). 

Ethyldichloroarsine (80%) and dJebloromethyl 
ether (20%). 

Ethyldichloroarsine, cthyldibroifloarsme, and 
dichlorometbyl ether, sometimes with 
methyldibromoarsme. 

Ethyl lodoacetate (75%) and alcohol (25%). 

Hydrocyanic acid (55%), chloroform (25%), 
and arsenic tnchloride (20%). 

Hydrocyanic acid (50%), arsenic trichloride 
(30%). stannic chloride (15%), and chloro- 
form (5%) 

Phosgene (50%) and arsenic tnchloride (50%). 

Pho^ne (50%) and stannic chloride (40%). 

TnchJororoethyl chloroformate (65%) end 
chloropicnn (35%), 

Trichlorometbyl chloroformate, phosgene, and 
diphenylchloroarsine- 

Svlyi bromide and bromoketoos or benzyl 
bromide. 

In the table on p. 16 are shown a few im- 
portant chemical warfarq agents which have not 
been used in sctosl warfare. 

Outline oj Mtlhode of Jl/anti/ociure. 

1. Acrolein i by distillation of glycerol 
(CH,(OH)CH(OH)CH,-OH) with potassium 
hydrogen sulphate (KHSO^) or magnesium sul- 
phate (MgSO^) 

2. Ally] (sotmocyanate : from natural sources, 
and by distillation of aliyl bromide 

(CH*-CH CHjBr) 

or iodide, with alcoholic potassium thiocyanate 
(KCNS) or silver thiocyanate (AgCNS). 

3. Arsenic tnchloride : by the action of 
hydrogen chloride on arsenious oxide (As^Oj). 

4 Benzyl bromide • by the brommation of 
toluene (C,H.'CH,). 

5 Benzyl cnlonde : by the chlorination of 
toluene (C.HjCH,). 

6 Benzyl iodide : by interaction of benzjl 
chlonde (j v.) in alcoholic solution, with sodium 
or potassium iodide (Nal or Kl). 

7. Bromine : from metallic bromides by the 
action of cbiorme, or of sulphuric avid and an 
oxidising agent. 

8. Bromoacetone ; by the bromination of 
acetone (CH^-CO CHj) by gaseous or liquid 
bromme. 

9. Bromobemzyleyanide : by the conversion 
of benzyl chloride (j r.) to benzyl cyanide 
(C,H,-CH,-CN) by treatment with sodium 
^anide (NaCN) with subsequent brommation. 
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10. Bromomethyl ethyl ketone : aa for bromo- 
acetone, using methyl ethyl ketone 

(CHj-CO-CjHs) 
inateatl of acetone. 

11. Carbon tetrachloride : by direct chlorina- 
tion of carbon disulphide (CSj) in the presence 
of a catalyst. 

12. Chlorine : by the electrolysis of brine 
(sodium chloride (NaCl) solution). 

13. Chloroacetone : by the chlorination of 
acetone (CH3‘CO'CH3). 

14. Chloroacetophenone : - by the chlorina- 
tion of acetic acid (CHs'COOH) and its subse- 
quent conversion to chloroacetylchloride 
(CHjCl'COCI) by treatment with thionyl 
chloride (SOCIj). The chloroacetylchloride is 
then condensed ivith benzene (C3H3) by the 
Friedel and Craft reaction in the presence of 
aluminium chloride to give the desired product. 

16. Chlorobenzene : by the chlorination of 
benzene (C3H3). 

16. Chloroform: from acetone (CHj-CO-CHj) 
by the action of bleaching powder. 

17. Chloropicrin : by the action of bleaching 
powder or chlorine on picric acid 

(C3Hj{N03)30H). 

18. Chlorosulphonio acid : by the saturation 
of oleum (SO3) with hydrogen chloride and 
subsequent distillation. 

19. Chlorovinyldichloroarsine : by the inter- 
action of acetylene (CjHj) and arsenic tri- 
chloride Iq.v.) in the presence of aluminium 
chloride (AljClg) with subsequent fractional 
distillation under reduced pressure and treat- 
mont to convert the higher homologucs, namely 
dichlorodivinylchloroarsine and trichlorotri- 
vinylarsine into the product desired. 

20. Cyanogen bromide : from the interaction 
of potassium cyanide (KCN) in aqueous solu- 
tion and bromine at low temperature. 

21. Cyanogen chloride : by chlorination of 
hydrocyanic acid (HCN) in aqueous solution. 

22. Dichlorodiethylsulphido : three methods: 

(а) By the conversion of ethylene (CjH^) 

obtained by dehydrating alcohol vapour 
{CjHj-OH) over a phosphoric acid or 
other suitable catalyst into chloro- 
, hydrin (CHJOHJCHjCI) by hypo- 
chlorous acid ; the chlorohydrin is 
treated with sodium sulphide (NajS) 
to give thiodiglycol [(C 
which, on treatment with 
add or thionyl chloride (SOCIj) yields 
dichlorodiethyl sulphide. 

(б) By the interaction of ethylene and sulphur 

dichlorido (SCi^) with or without a 
solvent. 

(c) By the interaction of ethylene and sulphur 
monochloride (S.,Cl2) with or without 
separation of the libe'ratcd sulphur. 

23. Dichloromethyl cliloroformato : by the 
regulated chlorination of methyl formate 
(H-COOCHj). 

24. Dichloromethyl ether : by the action of 
phosphorus trichloride (PCI3) on trioxjTnethy- 
lene ({CHjO),] in the presence of zinc chloride 
(ZnCl,). 


jH.-OHljS] 

hvdrochloric 


26. Dimethyl sulphate : by the interaction 
of methyl alcohol (CHj-OH) and chloro- 
sulphonic acid {q.v.). 

26. Diphenylamine arsenious chloride : by 
the interaction of diphenylamine [(CjH^ljNH] 
and arsenic trichloride {q.v.). 

27. Diphenylchloroarsine : three methods : 

(а) By the production of triphenylarsine 

[(CgHjljAs] by the interaction of 
chlorobenzene (CgHjCl) and arsenic 
trichloride {q.v.) in the presence of 
sodium and its subsequent treatment 
with arsenic trichloride. 

(б) By the diazotisation of aniline (CjHg'N Hg) 

and subsequent treatment with sodium 
arsenite (NajHAsOj) to give phenyl- 
arsonic acid (CgHj-AsOpH,). The acid 
is reduced by sulphur dioxide (SOj) to 
phenylarsinic acid (CgHg-AsO^Hlj, 
which on treatment with a further 
amount of diazotised aniline gives 
diphenylarsonic acid [CjHj'AsOjH]. 
This acid on reduction to diphenyl 
arsenoxide [(PhjAsljO] and treatment 
with hydrochloric acid yields the 
product desired [{CgHjlgAsCI]. 

(c) By the reduction of phenylarsonic acid 
obtained as in (6) partly to phenyl- 
arsenious oxide (CgHj-AsO) and partly 
to phenyldichloroarsine (CjHjAsClj), 
so that the resulting mixture when 
heated in an autoclave will be converted 
into the product desired. 

28. Diphenylcyanoarsine : by the treatment 
of diphenylchloroarsine {q.v.) with sodium 
cyanide (NaCN) or anhydrous hydrocyanic 
acid (HCN). 

29. Ethylcarbazole : by the interaction of 
carbazolo (C-.HoN) and ethyl sulphate 
[(CgHgljSO,]. 

30. Ethyldibromoarsino : by the interaction 
of magnesium ethyl iodide (MgCjHjI) with 
potassium arsenite (KgHAsOj) to give mag- 
nesium ethyl arsenite [Mg{C2H5)As03] which 
is then reduced by sulphur dioxide in hydro- 
bromic acid solution. 

31. Ethyldichloroarsine : as for methyldi- 
chloroarsine, using ethyl sulphate in place of 
methyl sulphate or by treatment of ethyl 
chloride (CgHjCl) with sodium arsenite 
(NajHAsOj) and the reduction of the ethyl 
arsonicacidlCjHj-AsOgHj) by sulphur dioxide 
to ethyl arsenious oxide (CjH.-AsO), which 
gives on treatment with hydrochloric acid the 
desired product. 

32. Ethyliodoacetate : by the chlorination of 
acetic acid (CHj-COOH) and subsequent 
esterification to give ethyl chloroacctate 
(CHjCI-COOCjHj), which is then treated with 
sodium iodide ( N a 1 ). 

33. Hydrocyanic acid : by the action of acid 
on metallic cyanides. 

34. Hydrogen sulphide : by the action of acid 
on metallic sulphides. 

35. lodoacetone : by the action of potassium 
iodide (Kl) on chloroacetone {q.v.). 

30. Methyl chloroformate : by the regulated 
chlorination of methyl formate (H-COOCHj). 
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37. Jfcthjl chlorosulplionatc : by the inter- 
nrfion of methyl elcohol (CHj-OH) and buI- 
plnirjl chloride (SOnCIo). 

38. " Mcthyldibromoarsine : by the action of 
hjdrobromic acid (HBr) on methylaracnious 
oxide {see Methj Idichloroarsinc). 

39. Mcthyldicliloroarsinc : by the action of 
methyl sulphatc[(CH3)2S04l on sodium arsemto 
(Na.HAsOj) giving disodium methylarsenite 
[ N ajfC H3) AsOj] M inch on reduction by sulphur 
dioxide (SO2) to methyl arsenious oxide 
(CHjAs O) and subsequent treatment xxith 
Iijdrogcn chloride gixes the desired product. 

40. Monochloromcthyl chloroformatc : by the 
interaction of methyl alcohol (CH3OH) and 
formic acid (HCOOH), and the regulated 
chlorination of the resultant methyl formate 
(H-COOCHj). 

41. PJicnylcarbylaminechlonde ; by the di- 
lect action of chlorine on phenyl carbylamine 
(CjHj-NC), or on phenyl i«othiocyanatc 
(C„H3-NCS). 

42. Phcnyldichloroarsine : see diphenylchloro- 
arsme. 

43. Phosgene; by the combmation of chlorine 
and carbon monoxide (CO) in the presence of a 
catalyst, usually charcoal ; cither diluted carhon 
monoxide, such ns in produecr gas, or con- 
centrated carbon monoxide may bo used. 

4 1. Stannic chloride : by the action of chlorine 
on tin. 

45. Sulphur trioxido : by the catalytic oxida- 
tion of sulphur dioxide (SOj) derived from 
burning sulphur or pyrites. 

40. i'luophosgcno : by the regulated clilorinn- 
tion of carbon disulphide (CS,). 

47. Trichloromcthjd chloroformato : by com- 
jilcto chlorination of methyl formate 

(H-COOCHj) 

or of chloromcthyl chloroformatc {q v ). 

48. Xylyl bromide : by the bromination of 
boihiig .xylene fCoH<(CH3)2]. 

Liliralurc Jlcfcraiccs. — The literature on 
chemical warfare is now so large (running into 
well oxer 1,000 different publications) that it is 
only possible to gi% 0 a limited number of refer- 
ences to the more important textbooks. These 
arc appended under the following four headings : 

A. Textbooks (coxcring historical, defensixe, 

and offensixo aspects). 

B. Defensixe. 

C. Medical. 

D. Offensive. 

Bn!UOQIl.XriIY OF TUT. MORE IM^ORTA^T 
LlTlRATURE ON CrEMICAI. WARFARE. 

A. T cxliools (covering historical, defensive, and 
offensixo aspects). — A. A. Fries and C. J. West, 
“Chemical Warfare,” JIcGraw-Hill Book Co. 
(N.Y.). 1921 : G ll.Poulkes, “Gas : The Story 
of the .Special Brigade,” Blaekxxood (London), 
1934 . B. llanslian, "Dcr Chemische Kncg,” 

E. S. Mittlcr, Berlin, 1027 ; J. Mejer, “Der 
G.'i«kauipf und die Choraiselien Kampfstoffe,” 
llpcl, lAiipng, 1920 ; A. Izzo, “ Guerra 
Chimica e Difo«a Anti-gis,” U. Hoepli, Milan, 
1930 ; J. Fishmann, "Chemical Warfare” (in 

VoL. HI.— 2 
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Russian), Moscow, 1929 ; W. Untennark, 
“Chemische Kampfstoffe und die Industrie- 
giftstoffe,” 0. Meissner, Hamburg, 1933 ; S. de 
Stockclburg, “ Alcrtc aux gas,” Lib. Pazot & Cie., 
Lausanne, 1935 (lengthy appraisal of this 
by E. Baum in Z. ges. Schiess- u. Sprengstoffw. 

1936, 31, 171, 204-208) ; Augustin M. Prentiss 
(and George B Fisher), “Chemicals in Warfare” 
(with chapters on The Protection of the Civil 
Populations and International Situation), 
McGraw-Hill Pubhshing Co., Ltd., London, 

1937. 

B. Defensive. — ^War Office, “Defence against 
Gas,” H.M.S.O., 1935 ; D. P. Bloch, “La Guerre 
Chimique,” Libr. Berger-Levrault (Nancy), 1927; 
French Jlinistry of Interior, “Practical Instruc- 
tions on Passive Defence against Air Attack,” 
Ch. Lavauzelle, Paris, 1932 ; L. Leroux, “ La 
Guerre Chimique,” Edtns. Spes., Paris, 1933 ; 
Izard, CiUculs.and Kermarrec, “La Guerre Aero- 
Chimique ot les Populations Civiles,” Ch. Lavau- 
zelle, Paris, 1933 ; Fessler, Gebele, and Prandtl, 
“ Gaskampfstoffo und Gasvergiftungen. Wie 
aohutzen wir uns ? ” 0. Gruelin, 1933 ; H. Rumpf, 
Gasschutz, E. S. Mittler & S. Berhn, 1932 ; 
N. Quartara, “La guerra chimica e la difesa 
della popolazione civile,” Tunn, 1933 ; H. 
Schossberger, “ Bautcchnischer Luftschutz,” 
Berlin, 1934. 

Air Raid Precautions Handbooks : No. 1, 
Personal Protection against Gas, H.M.S.O. 
1936 ; No 4, Decontamination of Materials, 
H.M.S 0., 1936 ; No 5, Structural Precautions 
against Bombs and Gas, In preparation ; 
No. 6, Air Raid Precautions in Factories and 
Business Premises, H.M.S.O.. 1936 ; No. 7, 
Anti-gas Precautions for Merchant Shipping, 
H.M.S.O., 1935; Air Raid Precautions: The 
Protection of Foodstuffs Against Gas, H.M.S 0., 
1937. 

R. Hanslian, “The Gas Equipment of Foreign 
States : Serxdco and Civihan Masks of Various 
States,” Gassoh. u. Luftsch. 1935, 5, 40, 65 ; 
P. JIurphy, " Defence of the Cixnl Population 
against Gas,” Listener, 1934, Aug., p. 271. 

C. Medical — G. B. Vedder, " Sledical Aspects 
of Chemical Warfare,” Williams & Wilkins 
U.S.A , 1925 ; U.S.A. War Dept, “Medical 
Aspects of Gas Warfare ” (Med. Dept, of U.S. 
Army), Washington, 1926 ; OfiScial History of 
War: Medical Services — Diseases of the War, 
Vol. II, H.M.S.O., 1923 ; War Office, Manual 
of Treatment of Gas Casualties, H.M.S.O., 
1930. 

Air Raid Precautions Handbooks : No. 2, 
First Aid for Gas Casualties, H.M.S.O., 1936; 
No. 3, Medical Treatment of Gas Casualties, 
H.M.S.O., 1937. 

L. Dantrebande, “ Les Gaz Toxiques,” Dlasson 
& Cie., Paris, 1933 ; C. Hederer and M. Istin, 
“L’Arme Chimique et scs Blcssurcs,” BailhJre et 
Fils, Pans, 1935 ; H. Buschcr, “ Grun- und 
Gclbkreuz,” R.Himmelheber, 1932 ; H. Buescher, 
“Giftgas! und Wir,” R. Himmelheber, 1932; 
H. Zangger, “Die Gnsschutzffage,” Huber 
(Bern.), 1933 ; O. Muntsch, “Leitfaden der 
Pathologic und Therapie der Kampfgaserkrank- 
ungen,” Leipzig, 1936 ; A. Lustig, "Fisio- 
patologia e chnica dci gas da combattimento,” 
Milan, 1931 ; A. Lustig, G. Revida, and G, 
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Fetralora. ** Effetti dei gas cle gnerra (ad uso del 
medici),” SrJan, 1934; 11 Magne nnd D. Cordier. 
•• Lea gaz de combat ftu point de vue physio- 
logique, mcchcal ct imlitaire,” BaiUi^re et Fds. 
Pans, \03G. 

D. Offensice.—A. MuUer-Kiel, “ Die cbemische 
Waffe im Weltkncg und jetzt,” Yerlag Cbemie 
(BerLo), 1933 ; M. Sarton, “CbunicadelSostaaze 
Aggressive,” U. Hoepli (Milan), 1933 (translated 
into German by H. Klumb and pnbbshed by 
Vieweg AS, 1935) ; S. I. SUiarienlo, '‘Phyaical 
and Fbjsico chemical Pnnciplea of Chemical 
Warfare ” (in Russian), Moscow, 1934 , E. Reyes 
Sanz, “Teona general de la guerre quimica,” 
Toledo, 1933 ; D S Sommem^e, "'ITie Field 
ArtDlery and Chemical Warfare,” Field ArtiU J. 

1933, 140, J. T. Hackmann, “Trend of 
Research for New Chemical Warfare Slatenals,** 
Chom. Weekblad 1934, 31, 366, ; H. Stolt- 
tenberg. “Die Ultragifte,” reviewed in Ind 
Cbem 1933. 11, 460, 483 ; H. Engelhard, 
“Theoretical Considerations on Concentrations 
of War Gases m tbe Field,” Gassch. u. Lnftsch 

1934, 4, 174 ; R. Baggio, “Artillery Fire 
with Chemical Shell,” Rivista di Artigbena 
e Gcnio. 1930, Jan , p. 83; H. Uerbat, 
“Volatility of a Senes of Orgaruc Compounds,” 
KoU. Chem Bcih. 1936. 23, 313. 

J. D. P. 

CHEMICAL WARFARE DEFENCE. 
Gas Defence. 

Unlorital and General. — ^Tbe basis of defence 
against gas is the respirator, or gas mask ^^en 
toe employment of gas m warfare was initiated 
by the use of chlorine in 1915, protection for 
British troops was obtamed by the use of pads 
of flannel, cotton wool, ot cotton waste placed 
over the mouth and nose and soaked in a solution 
of sodium thiosulphate (hypo) or of this com 
pound with sodium carbonate. Subscqoently 
the gas mask took the form of a helmet soak^ 
m a solution of hypo, sodium carbonate, and 
glycenn, covering the whole of the bead and 
titled with mica windows. With the threatened 
use of phosgene, an impregnating solution of 
sodium phenate was used for tbe gas helmet 
(P. helmet), and was subsequently improved 
by tbe addition of bexamethyleDetetrarame 
(bcxamine) (P H helmet), which also gave pro* 
tcction against hydrocyanic (prussic) acid Tbe 
use of tear gas introduced tbe need for wearing 
goggles in addition to the helmet, but tbe com* 
Lination was not tery satisfactory. As gas 
warfare det eloped, tbe employment of chemical 
neutralising agents for protection against the 
variety of gases used and tbe increasing con 
centrations became impracticable with a 
respirator of the helmet type, and a gas mask, 
called tho bos respirator, was produced by the 
British to deal with all typos of gases. This 
consisted of an air-tight mask or covering for the 
face fitted with eye pieces of mica, celluloid, or 
eplintcrlcss glass ; to this mask was attached 
by a connecting tube the bos or container in 
which were placed the matenals for the purifi- 
cation of the air breathed by the wearer. This 
type of construction with a face-piece con 
nected directly or by a tube to a contamer con- 
stitutes the basic prmciple on which practically 
all gas masks for war purposes have smee been 
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designed. The main exception was the French 
M2 mask, which covered the whole face (eje- 
pieees bemg provided) and consisted of a number 
of layers of mushn impregnated with various 
absorbent chemicals. One mixture contained 
hexamine, nickel sulphate, sodium carbonate, 
glycenn, and water, and another castor oil, 
alcohol, sodium hydroxide, glycerin, and water. 
Such masks are very inferior to tho face-piece 
and container type. 

3(odem gas masks are practically all based on 
tho principle of a face-piece connected to a 
container of neutralismg, absorbing, or filtering 
matenals. The differences in the vanous designs 
are essentially differences m details introduced 
with a view to securing greater service efficiency 
in one direction or another. 

Retptralor Face-pieces. — Face-pieces may be 
of many kinds. There ate full masks coieting 
the eyes, nose and mouth, and half masks which 
do not cover the eyes. The latter are useless 
where gases which imtate or injure the eyes 
are present ; therefore the full mask is always 
preferable, because, furthermore, it is Lkely to 
be more gas tight and comfortable. There are 
also hoods covering tbe whole head. The mam 
parts of a face piece are : 

(1) The body, generally of rubber, with or 
without a covering of stockinette or other 
clastic textile material on the outside. It 
can also be made of leather, of rubberised 
fabnc ID single or multiple layers, of canvas 
with or without edgings of rubber, leather, etc., 
to give a gastight yomt, or of asbestos. There 
are also designs in transparent celluloid or 
cellopbaoe, so that the wearer’s face can be 
eeeo. 

(2) Eye pieeee, generally round, but sometimes 
oval and fitted with discs of celluloid or of 
ephnteriess, laminated, or plam glass, to the 
inside of which may be attached gelatine discs 
to absorb moisture and to prevent fogging due 
to the moisture in tbe expired air. Tbe fogging 
may be obiiated by using what is called the 
Tissot pnnciple, by which the inhaled air 
passes over tbe cye-pieces and prevents con- 
densation of moisture. Alternatively or in 
addition, anti dimming paste may bo applied to 
the glass. A typical anti-dimming paste can be 
made from Turkey red oil and water glass For 
mibtaiy use, it is important that there should 
be an adequate field of vision and that it should 
be possible to use optical instruments such as 
binoculars and range finden. 

(3) Head harness for adjustment to the head, 
usually consisting of elastic or spiral metal 
spnngs covered with fabric. Tbe bands are 
generally adjustable to suit the wearer’s face. 
A well fitting and gas tight mask should not 
feel uncomfortable on the face if the design is 
good. 

(4) A tahe header, for an outlet valve or 
alternatively an attachment in metal for the 
container or the connecting tube. The outlet 
valve, where there is one, is generally of rubber. 
Designs m metal are known, but these are 
generally for inlet valves, which may be in the 
face-piece, connectmg tube, or container. The 
outlet valve is one of the vital parts of a 
respirator as a leakage might be fatal to the 
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•vrearrr. Great ingenuity has been displayed 
in designing types which arc leak-proof under 
all conditions, and at the same tine give good 
speech transmission. In respirators with directlj’- 
nttaclicd containers there is often no outlet or 
inlet valve, and the wearer breathes in and out 
through the fdtering box. Certain advantages 
are claimed for this in the way of increased pro- 
tection, but it is generally more oppressive to 
wear. 

Face pieces are generally made in three sizes to 
fit all kinds of face, but a wcU-designed mask of 
normal .size should, by proper adjustment, gi\-e 
complete protection to well over 90% of adult 
male faces. Types of fncc-picccs with nose clip 
and mouthpiece, which were largely used in the 
war but were very uncomfortable, are now 
practically obsolete. 

The design of a respirator face-piece has to 
bo a compromise between a number of con- 
flicting requirements. It must be gas-tight 
and comfortable to wear. It must not unduly 
interfere with vision or with speech, whether 
direct or through telephones or voice pipes, and 
it must not impede the wearer in the course 
of his duties. With the best designs of gas 
mask the loss of service efficiency is less than 
20 %. 

llcspiralor Containers . — The main chemical 
interest is in the container, sometimes called 
the box, drum, or canister, which holds the 
filtering materials. Containers are generally 
rectangular or round, and in the normal design, 
the air enters at the bottom and passes through 
tho filtering and absorbing material, which is 
generally arranged in horizontal layers. In a 
few designs, tho air enters at tho sides, passing 
through tho filtering materials to a central 
tube connecting with tho face-piece. It is not 
necessary to give details of tho internal mechani- 
cal structure of a container which can be seen 
from diagrams, except to say that it is no 
easy matter to arrange the filtering materials 
so that they will ho effective and remain so 
under the various conditions of rough handling 
they may receive in use. 

Tho basic constituent in most respirator con- 
tainers is active carbon or charcoal, tho efficiency 
of which ns an all-round adsorbent for gases 
and vapours has steadily improved since its first 
utilisation for gas defence in 1915. The charcoal 
is used in tho form of granules containing 
generally from 15 to 25% of moisture. This 
moisture enhances tho value of tho charcoal for 
tho catalytic decomposition of gases such ns 
phosgene, but reduces its adsorptive capacity 
for organic vapours. So great is tho all-round 
efficiency of active carbon that some military 
respirators rely on it entirely for gas protection. 
It is not, however, active against carbon 
monoxide, which for physical and physiological 
reasons is not likely to' be used as a chemical 
warfare agent, nor is it verj- cficctivc against 
0 x 1 disable gases such as arsine (arseniuretted 
hydrogen) or prussic acid. A special mixture 
of copper and manganese oxides knorvn ns 
hopcnlile can, however, be used for tho 
catalytic oxidation of carbon monoxide, if 
required, but this necessitates tho provision of 
an extra layer of drying material such as cal- 
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cium chloride in front of the hopcalite which 
soon loses its activity in moist air. Tho protec- 
tion against arsine and prussic acid c.an be 
improved by the use of granules generally of an 
alkaline nature and consisting, for example, of 
soda lime in combination with permanganate. 
Such granules were used in tho British respirator, 
and not only gave good protection against these 
two gases, but also against acid gases generally. 
The value of active carbon as a generally pro- 
tective agent against poisonous gases can always 
be enhanced by other types of chemical granules 
designed to improve the neutralising properties 
of the container against any^ particular chemical 
warfare agent employed. The effectiveness of 
charcoal as a protection against phosgene can be 
greatly increased by impregnating it with 
hexaminc. Such chemical granules are to bo 
found in tho containers of respirators designed 
to deal with special toxic gas hazards in industry 
{see below). The granule is in effect an active 
chemical neutralising agent for the particular 
g.a8 which has to bo encountered. Granules 
may be of two distinct types. The actual 
chemical or mixture of chemicals may be com- 
pressed and then broken up into suitably' sized 
pieces, or fragments of a porous material, such 
ns pumice, kieselguhr, or brick, may bo soaked 
in the chemical and dried. 

Neither active carbon nor chemical granrdes 
afford protection against fine particles such as 
are present in screening and toxic smokes, and 
all service respirators incorporate a filtering 
material of some sort for dealing with such 
smokes. These filters vary considerably in 
composition and efficiency. The principal sub- 
stances used for making filters are cotton wool, 
merino wool, animal hair, wood and other 
paper pulps, cellulose sheets or wadding, 
feathers, and felt. Their filtering efficiency 
may be increased by depositing upon them fine 
smoke particles such ns the smoke from burning 
camphor, naphthalene, or resins or by mixing 
them with fibrous materials such as asbestos or 
with finely powdered lampblack, or cuprene 
(a solid condensation compound of acetylene) 
or by depositing nodules of certain gums and 
resins on them from solution. The difficulty of 
obtaining a compact efficient filter with a low 
resistance to breathing has heen overcome by 
various ingenious methods of folding and 
arranging tho layers of filtering material, so 
that a large filtering area ean be compressed 
into a small space. The best filters now avail- 
able give a very high standard of protection 
against even the most penetrative toxic smokes 
and will remove more than 99% of the toxic 
material from the air breathed. 

Industrial Respirators . — Industrial gas masks 
differ fundamentally from service gas masks in 
their essential desiderata. The service gas 
mask has to protect against any- concentration 
that may bo encountered of any toxic substance 
capable of use as an agent of chemical offence. 
It has, therefore, to be polyvalent. Fortunately, 
many toxic substances such as carbon monoxide 
and arsine, against which it is difficult to 
protect by a filtering apparatus, cannot, for 
technical reasons, be employed in the field. 
Further, there is a limit to the concentrations 
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hat may be met. A concentration of 1% is alkaline granules, (6) diatomite, brick, pumice or 
•sceptional, •while from artillery shell, with whidi similar material Impregnated with caustic soda. 

nost of the gas attacks were delivered in the potassium carbonate, sodium bicarbonate and/or 
atter part of the war, a concentration as high zme acetate. Active carbon may be used in 
s 1 in 1,000 13 unusual. For toxic smokes, addition to these adsorbents. 

in 1,000,000 IS a high concentration. Thus, Other adsorbents used are based on potassium 
bo problem is one of protection against com- mctasilicato ; hesamine, which is a good ad- 
Kiratively low concentratioos of many different eorbent for phosgene ; zincates and zincammines. 
rjjea. Soda lime granules impregnated with per- 

’ In industry, the real function of the respirator manganate will give enhanced protection against 
a as an emergency device to deal with unusual hydrocyamc acid, as will also kopealite, the 
■ircumstanees such as the closing down of a carbon monoxide neutraliser referred to later, 
eakiiig valve emitting toxic vapour or the rescue Sometimes a special container is designed to deal 
if a man from a dangerous area. Therefore, in with hydrocyanic acid and other weak acids, 
ndustry, when a respirator has to be used, it Dwtomite impregnated with finely-divided 
na3' be in a confined space and the concentra- mercury oxide or certain complex zinc salts is 
ion may bo very high indeed, even as much as used for this purpose. 

I few per cent of the toxic vapour. On the (3) Ammonta, the main adsorbents being (a) 
)ther hand, in any particular works or plant, salts of copper, such as copper sulphate impreg- 
be danger is generally Lmited to one or two nated on pumice (often known as <t«pramiVe), 
jases at most. It is therefore possible to design (6) salts of zinc and cobalt, (e) salts of copper 
’he respirator specially for the gases to be and nickel, end (d) silica gel. 
mcQuntercd, and so provide a much higher pro (4) Hydroeyame and and carbon dioxide. — A 
cction agaust them than is possible m a good adsorbent is baryta granules. 
loljTalent respirator. This means that for (5) Sulphuretted hydrogen. — A good adsorbent 
ndustry a number ofdifferent types are required is a mixture of baryta granules and active 
;o cope with all Its gas hazards. carbon. 

The service respirator may have to ba worn m (6) AVrous /ume# —Alkaline permanganate 
iction for long periods of time ; consequently granules and hopcalite are very useful, 
t must be very comfortable to wear and provide P) Sulphuretted hydrogen and ommonia — 
|Ood vision and good faciLties for ordinary and Adsorbents used are (a) copper chloride on a 
Iclephome speech. An emergency device, as In solid support which can be active carbon or 
ndustry, does not need the same standard of activated miners) salt, (b) silica gel, (e) mixture 
lomfort for short period wear, or even of vision of banta granules, charcoal and copper sulphate 
It speech, though obviously these should all be granules 

jood On the other band, the gas tightness of (8) Carbon disulphide, for which lead and 
the industnal respirator must, if anything, be manganese peroxides can he used, 
mperior to that of the service type because of (9) Carbon monoxide, against which the gas 
the higher conceotrations The service respirator mask of the fighting services affords no pro* 
therefore is a different problem from the m- tection. This gas is present in producer gas, 
dustnal, and u not necessarily suitable for blast-furnace gas, coal gas, water gas, afrer- 
meetmg the hazards of industry. damp in mines, etc. As carbon monoxide in 

The frce-piece of the industnal gas mask calls any quantity is very often associated with a lack 
for no special comment, as it is very similar to of oxygen, reliance is generally placed on a self- 
that used for eervjco purposes. The mam contained oxygen apparatus when men have to 
difference is in the container. Different types go into such an atmosphere. Of recent jears, 
of container are generally produced to deal with however, much attention has been devoted to 
different industnal gases or types of gases or for the development of a filter mask for carbon 
cOQibiaa.tiona of types. The following la an mouoxvln. Tbw. hw uvxolwi tht picd.v.«tv5,!a wf 
indication of the types of neutrahsing or absorb- a matenal for the catalytic oxidation of carbon 
ing materials used for xanous purposes in monoxide at ordinary temperature. The pro- 
industrial gas masks. duct in most general use is called Aopcohte, which 

(I) Organic vapours, such as benzole, acetone, is a mixture of manganese dioxide and copper 

carbon tetraehlonde, carbon Sulphide, form- oxide. Hopcalite will function onlv in dry air, 
aldehyde, and toluene. The usual adsorbent so the locoming air has to be dried, for example, 
IS active carbon or charcoaL Against most by & layer of calcium chloride or silica gel. 
organic vapours it is cxreUeut, but it is poor Behind the hopcahte there has to be a layer of 
against methyl bromide and methyl cblonde ; idkalme matenal, such as soda lime granules, to 
proiided it is not loo dry, it functions fairly remove the carbon dioxide formed in the oxida- 
well against acid gases euch as phosgene. It turn of the monoxide. The hopcalite will act 
IS asserted by one authority that active carbon indefimtely, bo the life of the container depends 
will stop effectivelyall gases and vapours witha on the capacity of the drier. JIueh heat is 
molecular weight greater than 60. Silicw gel generated m the oxidation and the container 
can in some cases replace actiie carbon, will get very hot if there is much over 1% of 
but its best value is against water soluble monoxide m the inspired air, while the aic will 
ga«es _ get too hot to breathe unless cooling layers, for 

(J) And gases, such as hydrocyanic acul, example, of sodium thiosulphate pentanydrate, 
nitric a«d, formic acid, free halogens, nitrous are interposed It is stated that 1% of carbon 
fumes, phosgene, and sulphur dioxide. Among monoxide will on oxidation give off enough heat 
the adsorbents used are (a) soda lime or other to raise the temperature of the air adiabaticaUy 
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about lOO’C. Tlie o.'cidation uses up oxygen 
equal to half the volume of the carbon monoxide 
so that rvhere there is much carbon monoxide 
the oxygen content in the purified air is likely 
to l>e low. 

Hopcalitc has remarkable properties as an 
oxidising agent, and will also deal efficiently with 
ammonia, hydrogen cyanide, hydrogen sulphide, 
arsine, nitrous fumes, phosphine, and ethylene. 
Its main defect is its sensitiveness to moisture, 
which at present is its limiting feature. 

Another adsorbent for carbon monoxide, 
known ns hoolamitc, is based on the oxidising 
properties of iodine pentoxido and concentrated 
sulphuric acid. The mixture is generally used 
impregnated on pumice with a subsequent layer 
of active carbon or alkali granules to absorb the 
iodine liberated in the oxidation. 

As carbon monoxide is tasteless and odourless 
and produces no immediate symptoms to reveal 
its presence, the question of a detector to indicate 
when a container is becoming exhausted is of 
first-class importance. With most other gases 
there is ample warning because of the odour, 
taste, or irritating effect produced from the 
first traces of gas that penetrate the respirator ; 
nevertheless, in some designs visible detectors 
depending on n colour change are fitted. The 
problem of detecting carbon monoxide has been 
attacked from many angles, and the following 
methods for indicating when a container should 
bo changed have been used : 

(а) Jlochanical timer. This is operated by the 
breathing and depends merely on the number 
of inspirations the wearer has made through the 
container, whether there is any carbon mon- 
oxide there or not. It will, as a rule, show 
the container to bo o.xhausted long before it 

is BO. 

(б) Hoolamitc detector. — In this detector, 
when the carbon monoxide passes through the 
oxidising layer of hopcalito and impinges on 
the hoolamitc, it liberates iodine which gives 
a warning by its irritating action on the nose 
and throat that the container is almost ex- 
hausted. Alternatively, it has been sug- 
gested that the iodine can be made to liberate 
chlorine which, combining with carbon mon- 
oxide, will give phosgene which is readily 
detectable by the wearer. 

(c) Calcium carbide. — When water vapour 
penetrates the hopcalitc layer — which it will do 
when the drier is saturated — it will in contact 
with the carbide liberate acetylene, which gives 
a warning odour. 

(d) Colour change. — ^This is obtained by the 
eficct of humidity on various salts, such as 
dehydrated cobalt chloride, copper sulphate or 
plnfinocyanidcs. These are placed between the 
drying material and the hopcalito and will 
change colour when the drier is letting water 
vapour pass, thus indicating that the hopcalitc 
will soon erase to act. Colour changes are not 
very reliable and are not easy to observe in 
dimly-lighted places. 

Carbon monoxide respirators have not been 
used to a great extent in this country ns there 
is always the danger, especially in mines after 
an explosion, that the rescuers may lose their 
lives in the event of their encountering a region 


with an inadequate percentage of oxygen in the 
air. They could, of course, get ample warning 
of an oxygen deficieney by the use of a test lamp. 
In many cases no danger from oxygen shortage 
wiU exist, and then the carbon monoxide gas 
mask can be used to advantage, as it will impose 
less strain on the wearer if he has to do work 
than will the heavier self-contained apparatus. 
Apart from mines, there are other cases, for 
example, near blast-furnaces, where a shortage 
of o.xygen will be accompanied by a high con- 
centration of carbon monoxide, but the latter 
will immediately make itself noticeable by the 
rapid heating of the container and thus give a 
warning. 

To stop industrial smokes, dusts and fumes, 
the filtering materials used in service respirators 
can be employed. 

Designs have been produced for all-purpose 
respirators intended for use primarily by fire- 
men who may have to encoxmtcr in fire fighting 
a largo variety of gases including carbon mon- 
oxide and smoke. Such a container is made 
up from a combination of the adsorbents re- 
quired to protect against the various hazards, 
and a typical container of this sort on the market 
consists of the following layers from the bottom 
to the top ; (a) active carbon for organic 

vapours ; (6) cotton wool for smokes, fogs, 
and dust ; (c) caustic soda impregnated on 
pumice for acid gas ; (d) cotton wool for smokes ; 

(e) fused calcium chloride as a drying layer ; 
If) hopcalito to oxidise carbon monoxide ; 
(g) silica gel or carbon impregnated with copper 
sulphate to stop ammonia. Various other com- 
binations are of course possible. A general 
adsorbent for gases other than carbon monoxide 
could be based on sodium carbonate, zinc 
acetate, magnesium peroxide, and powdered 
charcoal. 

Protection for Animah. — ^Respirators have also 
to bo provided for animals such as horses, dogs 
and pigeons in their baskets. These generally 
take the form of a bag or covering of thick 
material impregnated with a chemical solution 
such ns was used in the early gas helmets, but 
they are not very satisfactory in practice. 

Collective Protection. — ^The problem of pro- 
viding protection for closed rooms and com- 
partments in which people can work without 
gas masks is solved by the use of purification 
units constructed on the same general principle 
ns the container of the respirator, through which 
air is drawn into the room or compartment by 
means of a fan, preferably from an area likely 
to bo free from gas such as the top of a high 
building or a chimney stack. The methods of 
air regeneration used, for example, in submarines 
can also be employed, but are in general less con- 
venient and more expensive. For the protection 
of dug-outs and rooms in the fighting area, cur- 
tains of thick cloth impregnated with a chemical 
solution or a heavy mineral or a vegetable oil 
such as cylinder or linseed oils, are used at 
the entrances, two curtains with an air lock 
between being generally provided for greater 
security. 

Protection against Mustard Gas. — ^The intro- 
duction of mustard gas with its action on the 
skin presented a new problem in protection 
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which has not jet been properly solved. Gar- 
monta of oilskin and other impervious matenals, . 
if of air-tight design, give a fair measure of 
protection, but can only be worn for compara- 
tively short periods m view of the atifling effect 
on the wearer, especially m hot weather. TCe 
use of clothing impregnated with a chlorinating 
agent such as chloramine or allied products 
which will destroy mustard gas has also eon 
siderablo limitations, while protective oint- 
ments of vaseline or of zinc oside and fat 
mixture", with or n ithout a chemical to neutral- 
ise the mustard gas, are also of doubtful utility 
under service conditions, though they may be 
of some \ ahie m certain circumstances. 

Decontamination — Another problem in gas 
defence is the decontamination or clearing of 
areas which have been contaminated with a 
persistent gas, cspecialiv if it is of the mustard 
gas tjpe, against which a gas mask is not a 
complete protection because of ita general 
action on the skin Generally speaking, voter, 
and earth arc the only materials available in 
adequate quantity if extensive decontammalion 
has to be <!one, and they can bo used to wash 
away the mustard gas liquid or cover up the 
infected area \Yhert available, bleaching 
powder diluted with about 3 times its volume 
of an inert roatenal such as eand or earth is the 
most effeetiie eubstance to use The ncutralis 
ino agents mentioned in column 6 of the 
table on pp 12-15 on chemical warfare 
agents can also be used for dealing with the 

S aves against which they are effective For the 
ceontaininatiaQ of textiles and general clothing 
a number of methods can be used depending on 
the tj pe of garment and the extent of the con 
tamination, such as exposure to the weetber, 
washing, solvent extraction, or treatment with 
steam or hot air. 

Diltclma ef Cas —Another problem of 
chemical interest is the oso of detectors to 
inilicatc tho presence of gas While detecting 
papers, paints or solutions can be provided to 
deal with substances such as chlonne and 
mustard gas tho devices as a rale are not 
siifncicntlj simple, quick, or certain in their 
action to nnke their adoption desirable except 
umi'er spenaf conditions and m the hands of 
trained olxcrvcrs Reliance has in practice to 
l>c placed on the sense of smell and the sensory 
oririins gciicr illy 

I’rolcelion oftheCuilFopulailon against Gas — 
One of the moat impiortant problems ofthe 
p'lserit day la the protection of the civil popn 
Ixtion at large against gas attacks from the air. 
TJiescattacksmaybe madewith bombs containing 
gav. Of by sprav mg liquids of high boiling point, 
like mustard ga", from aircraft. Those members 
of the community who must continue to carry' 
on their duties either during or immediately 
nfur a raid and the members of the defensive 
organinitiona must be provided with gas tniivks, 
in the Hvme wnj a« service personnel, and with 
a certain amount of protective ilcthing depend- 
ing on the nature of the work they have to do. 
Those of them, like the police and the fire 
brigades, who vsvVl have to perfoTtn then Autm 
whatever the conditions, will be equipped with 
service respirators. For the others, a eome- 


what simpler and cheaper respirator called the 
civilian duty respirator will suiBee. For tho 
civilian population at la^e the mam defence 
will be gas protected rooms in their own houses 
or offices, the rooms being selected with due 
regard to the fact that high explosive and 
incendiary bombs are certain to be used as well 
as gas. Public shelters, ventilated with air 
purified by passage through filtration units, will 
be requiKd for people caught in the streets, 
and similar shelters may be installed by im- 
portant organisations. The public will have to 
seek the shelter of their gas protected rooms 
immediately the air raid warning is given. As 
a second Lne of defence to be used if the gas 
protection of the room is damaged or if a con- 
taminated area has to be evacuated, the public 
will be provided with a simple but effective 
design of gas mask called tbe general civiban 
respirator. 

In addition, airangcments will have to be 
made for : 

(а) a gas detection service to examme the 

tombed areas, diagnose the nature of 
the gas used (if any), and mdicate 
whether decontamination is required 
or not, 

(б) decontamination squads to render the 

bombed areas safe to occupy, 

(c) a first aid service to deal with cssualties, 
which must include first aid and decon- 
tamination centres for tbe treatment of 
the less senous casualties and the decon- 
tamination of the persons and clothing 
of people who may be contaminateo 
with gas, and 

(i) casualty clearing stations and hospitals for 
the more severe cases. 

These services will form part of tbe general air 
raid precaution services required to deal with 
all types of air raid and the detailed organisation 
will Iw the responsibihty of the local authorities. 
The necessary technical details will be found 
in the senes of Air Raid Precautions Handbooks 
which are issued periodically by the Air Raid 
Precautions Department of the Home Office and 
are obtainable from H M Stationery Office. 

j D. r. 

CHEM ICK I NO i. BLEAcmsa. 

CHEMJLUMINESCENCE. — Accepting 
the term “ luminescence ” to denote emission of 
light other than that due to temperature effects. 
“ chemiluminescence ” should denote the direct 
convention of the free energy of chemical reaction 
into hgbt energy. As, however, mere change in 
the energy levels of atoms may result in charge 
of chemical properties and thus be considered as 
chemical action, and as possibly all radiation of 
wave length shorter than the infra red is duo to 
release of this store of mtra atomic energy, a 
logical application of modem views would 
include all fonns of luminescence as chemi- 
InmiTicsccnt phenomena The usual but un- 
defined terminology therefore restricts the term 
to those instances when light appears as a result 
of the formation of molecules of high energy 
ievrix during Xbe production ol new sulatonce*. 
In ihw eenso the inclusion of, for example, such 
phenomena as crjstallo- and tribo luminescence 
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is questionable ; b'glit emitted dunng crystallisa- 
tion of, say, sodium chloride may be ascribed to 
recombination of ions and as it seems significant 
that the colour is the same for both emissions 
when they can bo observed in a single salt 
(Weiser, J. Physical Chem. 1918, 22, 439) 
a similar explanation should hold for tribo- 
luminescencc, and its inclusion among chemi- 
luminescent phenomena in the above modified 
sense should then depend on the demonstration 
of chemical differences between crystals capable 
of exhibiting tribolumincscence and aged crystals 
no longer possessing sueh ability. Again, in 
addition to the traditional use of the term 
“ phosphorescence,” this term is also used to 
denote the delayed emission of light by a 
substance aftCr previous illumination, fluores- 
cence being the instantaneous reversal of 
illumination, and it is difficult to decide whether 
such phenomena are dependent on chemical 
action in the above sense. Thus Chakravarti 
and Dhar (Z. anorg. Chem. 1925, 142, 299) 
were unable to confirm the suspected relation- 
ship between fluorescence and oxidation of 
certain organic dyes, but a chemiluminescent 
interpretation is not easily disproved in other 
cases. The luminescence of slightly impure zinc 
sulphide on bombardment with a-particlcs is 
another border-line instance. 

The liberation of part of the energy of inter- 
action between molecules or atoms in the 
restricted sense may be the result of one of two 
mechanisms (Wcgschcidcr, Roc. trav. chim. 
1923, 42, 585): (a) the energised atoms or 
molecules emit radiation directly, or (b) the 
excess energy may bo transferred to other 
molecules which can then emit their own 
characteristic radiation. Although these con- 
ceptions have been experimentally reaUsed in 
some instances, the mechanism of the majority 
of known instances of chemiluminescence is 
quite undetermined, our knowledge being 
limited to the visual observation of light. The 
following examples are therefore arbitrarily 
classified according to the ph 3 ’sical state of the 
luminescing system. 

The luminescent oxidation of phosphorus 
vapour is among the best known of the pheno- 
mena under review (Chariton and Walta, Z. 
Physik, 1920, 39, 64), although still not com- 
plctclj’ understood (Downc 3 ', J.C.S. 1924, 125, 
347 ; EmclC'us and Purcell, ibid. 1928, 628). F. 
Schncherl (Gnzzctta, 1932, 62, 610) finds that 
phosphorus ox 3 ’chlorido exerts a positive 
cntal 3 ’tic effect and postulates the formation of 
the oxide P 4 O to explain the emission of light. 
Aerial oxidation of many organic vapours, c.g. 
ether, carbon disulphide, etc., produces “ cold ” 
luminous flames, wlulo the light of the “ non- 
luminous ” Runsen flame is a true instance 
of chemiluminescence. O.xidation of a 2 % 
mixture of heptane in air producing visible 
radiation (H. Realty and G. Edgar, J. Amcr. 
Chem. Soc. 1934, 56, 102), the reaction between 
hydrogen and chloroform (H. Fromherz and 
11. Schncller, Z. ph 3 -siknl. Chora. 1933, 20, 158), 
polymerisation of ncctaldch 3 ’do in presence of 
active hydrogen (H. Urey and G. Lavin, J. 
Amer. Chem. Soc. 1929, S'l, 3280), reaction of 
sodium vapour with chlorine (Lialikow and 
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Terenin, Naturwiss. 1926, 13, 83 ; Z. Phy'sik, 
1926, 40, 107), the “ afterglow ” of active 
nitrogen (Bonhoeffer, Z. Elektrochem. 1926, 32, 
536), etc., are all further instances of luminescent 
reactions in the gaseous phase. 

Some inorganie reactions in solution are known 
to be chemiluminescent, e.g. many oxidations, 
the catalytic decomposition of hydrogen per- 
oxide by silver, platinum, etc., and the neutrali- 
sation of some oxides by' cone, sulphuric acid. 
The great majority of known cases, however, 
are furnished by the oxidation of organic 
materials. Many aldehydes (Radziszewski, Rer. 
1877, 10, 321; 1883, 16, 697), sulphur com- 
pounds (Deldpine, Compt. rend. 1912, 154, 
1171), Grignard compounds (Lifschitz, Helv. 
Chim. Acta, 1918, 1, 472 ; Dufford, Calvert and 
Nightingale, J. Amer. Chem. Soc. 1923, 46, 
2058 ; 1925, 47, 95 ; Evans and Diepenhorst, 
ibid. 1926, 48, 716) aro luminescent on direct 
I oxidation or on reaction with piciyd chloride 
(Wedekind’s reaction), that of phenanthryl-9- 
magnesium bromide being particularly' intense 
(W. Rachmann, J. Amor. Chem. Son. 1934, 56, 
1363). Many dy’es and phenolic compounds 
exhibit the phenomenon when oxidised with 
hydrogen peroxide or ozone in presence of ferrous 
sulphate (N. Riswas and N. Dhar, Z. nnorg. 
Chem. 1928, 173, 125; 1930, 186, 154; 1931, 
199, 400). The emission of light on oxidising 
organic hy'drazides is not uncommon, e.g. benz- 
hy'drazide, benzene sulphonhydrazido, and sub- 
stituted derivatives (A. Witte, Rec. trav. chim, 
1935, 54, 471) that emitted by 3-aminophthal- 
hy'drazido being spectacular ns it is visible in a 
dilution of 1 : 10 ® an intensity exceeded only 
by the luminescence accompany'ing the oxida- 
tion of NN'-dimethyldiacridy'lium nitrate (I) 

Me(NO,)N^^ ^C-- 

J 2 

I. 

which is visible in a dilution of 1 : 10 '® 
(K. Glen and W. Petsch, Angew. Chem. 1935, 
48, 67) (V. Acridine, Vol. I. p. 130r). 

Crystallo- and tribo-luminescenco have already 
been quoted ns extreme examples of chemi- 
luminescence among solids. Others are tho 
reaction between antimony and chlorine (S. 
Rhatnagar and K. G. Jlathur, Z. phy'sikal. Chem. 
1930, 9B, 229), and tho oxidation of solid 
sodium which is non-luminous in pure dry oxygen 
but becomes luminescent in presence of a trace 
of water vapour, H.S, dry HNO3 vapour, 
or dry AcOH vapour, but not SOj or tho 
halogens (R. Rowio, J. Physikal Chem. 1931, 35, 
2964). 

Interpretation of certain bright lines in stellar 
spectra ns duo to chemiluminescence has been 
proposed (K. Wurm, Z. Astrophys. 1935, 10, 
133) while, on the other hand, tho luminescent 
bacterial and fungal phenomena of dead fish, 
meat, wood, etc., have given rise to much 
work (bibliography, E. Harvey, RuU. Nat. 
Res. Council, U.S.A. 1927, 59, 50). Emission of 
light is not dependent on the living cell and is, 
indeed, in some species an extra-cellular pheno- 
menon, being, in fact, duo to tho interaction 
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of two matcKala, lueifmn &nd luetferaae, in 
presence of oxygen. These may be separately 
purified and are remarkably specific, no light 
being emitted nnle«a both components are 
obtamed from the same or very closely related 
species ; although ccnsiderableknowledgeofthe 
conditions governing tbe lumincsecnce has been 
collected, tbe ultimate structoral nature of 
these components is unknown. Lucifenn has 
many of the properties of a peptone, and 
functions with its oxidation product o*y- 
lociferin os a reversible system. The oxida- 
tion of Incifenn is effected by many oxidising 
agents but never with lamincscenee Luciferase 
possesses tbe properties of an albumin and 
appears to behave somewhat as an enzyme in 
the liberation of light. 

It IS unfortunate that the intensity of chemi* 
lummcscence is in general so small that the 
quantitative aspect has been somewhat neg 
lected. Intensity of emission has sometimes 
been conveniently determined by visual methods 
of substitution such as were us^ by C Thomas 
and It. DuiTord (J. Opt Soe Amer 1933, 23, 
231) when etudyinc tho chemiluminescence of 
Gngnard compounds, tut the sensitised photo 
graphic plate or moving film presents advantages, 
s <r for recording rapid fiuctuations in intensity 
(Amberson, J. Gen. Physiol 1922, 4, 517) 
Methods employing a photoelectnc cell enabling 
Tcr>' feel>^s sources to be studied are particularly 
valuable , A Pospelow, B Pyatutrki, and 
8 Zbhrkow (J Russ Phis Chem Soc. 1929, 
C3I Fhys Pt ) have studied in this way theluoi- 
neaeenee of amanne and lophine when oxidised 
with bromine water. The spectral distribution 
of the emitted Imbt is determined by epectro- 
■copio means, although when the source is too 
feeble tbe use of a series of colour screens of 
graded limits of transmission yields fairly 
accurate quantitative results (tee Weiser, 
a.^hysica'iCnem. 

Quantitative study of chenuluminescent 
phenomena has been concerned chietty with 
(a) spectral observations, (5) energetics and 
efficiency (Bull Kat. Res Council, USA, 
1927, 59, 1). Outstanding conclusions are tbe 
recognition of a general band and not a 
line spectral character; tho fact, deduable 
on theoretical grounds (Harvey, J Gen Physiol 
1923, 8, 89), that for the emission of bght 
there must occur a state richer by 37-71 / 

mol than another condition to which transition 
occurs spontaneously. This energy limitation 
Is certainly not the only condition that luminra 
cence shall occur and may in a complex reaction 
only apply to an mdividual stage in the process 
so that it is not inevitably required that tbe 
total energy of reaction should he within these 
limits. Thus the chemiluminescent decom- 
position of the iodide of MiUon’s base is actually 
endothermic (Z. Petnkaln, Z. Fhyiik, 1925. 
32, 5C9) It would then seem that estimations 
of the eCficienry of chemiluminescent processes 
(i e. the pcrccnt.'ge of tho total heat energy 
emitted as light) can only bo of direct 
significance when the reaction is simple, and 
is rather of comparative value in the study,] 
for instance, of a senes of related compounds I 
Even hero relaUonships are so obscure that I 


generalisations are rarely possible, < y. Lifschitz 
and Kalberer {Z. physikal. Chem. 1922. 102, 
393) studying the oxidation of Grignard com- 
poands could trace no connectiod between the 
appearance or non appearance of luminescence 
and heatof reaction. Xevcrtheles*. estimations 
of efficiency have revealed at least the one 
remarkable fact that while thd efficiency of 
*• pure ” chemiluminescent reactions is in general 
very small «1%), that of bioludunescent pro 
cesses seems uniformly high. Thus, while the 
bght efficiency of the (mcomplet*) combustion 
of phosphorus vapour in air was calculated to 
be 00011% (Adams, Physical fiev. 1924, 23. 
771), Karrer estimates the luminescence 
efficiency of the firefly to be as high as 19 4% 
(J. Franklin Inst 1918, 185. 775)» 

Among a number of reviews df general and 
special aspects of chemiluminescence may be 
mentioned the followmg : F, Sehaeherl (Atti 
congresso naz. chim. pura appl., 1033, 4, 599; 
E Rideal. Chem. News. 1929, l39, 36; Bull. 
Nat Res. Conned, U.S.A.. 1927, 59. 1; H. 
Bentler, Angew. Chem. 1932, 45. 249 (theore. 
tical), J. H. Graham, Amer. J. Pharm. 1935, 
107, 245 {chemdummcBcence and biophoto- 
genesia). 

CHEMISORPTION v, CiTkWSts is Ih- 
POSTItUL Chsjiistbt. V'ol. II , p- 422r. 

CHENODEOXYCHOLIC ACID r. Bits 

CHENOPODIUM, ESSENTIAL OIL 
OF. Amencan wormseed od od distilled 
from the flowering and fruiting plants of 
Cieftopcdiam ambrpemdej, var. dntAebninbeum 
A. Gray (Chenopodiaces), a naU^® of Central 
America and the West Indies. The commerciil 
oil IS distilled chiefly in Maryland end w known 
aa Baltimore od (Ireat care is required during 
distiUation as tbe chief constituent is decom* 
posed by overheating High pressure steam Is 
and disVdlaMwi cmriti va'j.idly 
as possible. Yield 0 6 to 1 0%. 

Conafitventa — ^The mam constituent is ascari- 
dole ij.r ) a body closely related to cmcole, hav- 
iDga peroxide etructure. Ascaridole decomposes 
with explosive violence on heating to 130°-150®. 
Other cooatiluente are p cymenc, terpmene, 
^s-eromenthadiene, and traces of hutyno acid, 
eafrole, and methyl salicylate 

Characlen — A colourless or pal® yellow bquid 
with a disagreeable, penetrating camphoraccous 
odour and a butmrvg, bitter taste. Sp gr. 0 9GO- 
1 0 980 at 15 5”, optical rotation — to —8% 

'l 474-1 479. SoluhleinStolOvols ■70%alcohol. 
Contains pot less than 65% ascaridole, deter- 
mined by the process described in the “ British 
Pharmacopceia.'’ It is employed in medicine 
as an anthelmiatic for the treatment of hook- 
worm and round worm. 

C. T. B. 

1 CHERIMOYA. The frmt of Anona CAeri- 
inofia Mill. It is apparently indigenous to 
certain districts of Ecuador, and is cultivated 
in Mexico and other tropical regions of South 
America Tho fruit somewhat resemhtes the 
I pipeapplo m shape and may be cither smooth 
I nr spiny, weighmg 0 5-1 lb. Its charactcnstic 
flavour results from its high sugar content 
modified by tho presence of wanous acids. 
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Thompson (Hawaii Agric. Exp. Sta. Rcpt. 
1014, 62) recorded the following analysis of 
the fruit; total pulp 84%, total solids 33-8%, 
protein 1-84%, fat 0-1.5%, acids (ns m.alic) 
0 09%, reducing sugars 15-34%, sucrose 3-07%, 
fibre 4-29%, ash 0-67%. 

A. G. Po. 

CHERRY. The fruit of Prumis aviuin L. 
(or P. Ccrasvs, vnr. avivm), the sweet chern.-, 
and of P. Ccrasus L. (or Ctramts vulgaris 
Jlill.), the sour cherry. The latter arc also 
known as Morello cherries (dark varieties) or 
nninrclles (light varieties). Cherries are utilised 
ns dessert nnd culinary fruit or may be canned, 
dried or candied. Maraschino cherries used in 
confectionery arc sweet cherries bleached with 
sulphur dioxide, split and atoned, dyed with 
Ponceau 3R, nnd preserved in syrup. The 
liqueur maraschino is prepared from the sour 
cherry. Black Forest and Swiss “ Kirsch- 
wnsser ” is distilled from fermented sweet 
cherries. 

The composition of the flesh of cherries, 
which represents 94-95% of the w-eight of the 
whole fruit, averages (% fresh weight) : 
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tn 

rt ^ 

0 

*3 . tn 



Tot.i: 

solid; 

0 

£ 

*C"f: 

Invei 

sugai 
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European^ 

14-5 

1*26 

0-51 

12-0 0-5 

0-4 

Europcan- 

14-2 

— 

0-73 

9-6 — 

0-6 

American’ 

18-7 

0-91 

0-43 


0-5 


* Kullsch, 7,. angew, Cticm. 1894, 7, 148. 

* Ollg, Z. Outers. b’ahr.-Gcnussm 1010, 19. o58. 

’ Slinw, Oregon Agric. llxp. Sta. Bull. 1898, No. 55. 


Windisch nnd Schmidt (Z. Unters. Nahr.- 
Oenussm. 1909, 17, 584) record the following 
nnnlj-scs of the juice of sour and sweet v.arieties 
ns : 



Sour 1-064 16-8 0-43 1-40 9-32 0-90 0-14 0-5 
Sweet 1-007 17-0 0-48 0-04 11-10 0-20 0-09 0-5 


According to Hartman nnd Bulb's (Oregon Agric. 
Exp. Sta. Bull. 1929, No. 247), the ripening of 
cherries is nssocinted -with nn increase in sugar 
nnd non-sugar solids nnd a dccrc.aso in ncidity, 
tannin content nnd nstringcncy, values recorded 
being : 


Bale. 
Juno 23 
Aug. 1 . 


Acids (ns 
malic). 

O’ 

0-75 

0-72 


rn. 

3-68 

3-90 


Sugars. 

or 

/•O 

7-4 

10-5 


Non-sugar 

solids. 

O/ 

ro 

3-4 

0-2 


The s\igars consist almost entirely of sucrose, 
glucose nnd fnictoso. Traces of inositol arc 
present. The principal acid is malic acid, nnd 
there arc verj- contradictory reports ns to the 
presence of small amounts of succinic, citric 
nnd tartaric ncid*i. 

Tr.>ettn->loscn e! <il. (Annnli Chim. Appl. 1923, 
13. 333) have shown that unripe but not ripe 
fruit contain a pcro.xydasc, invertase and 
emuhin being present at nil stages of growth. 


The emulsin, according to Hofmann (Bioohem. 
Z. 1934, 272, 426), contains a large proportion of 
jS-glucosidase and very little ^-galactosidase. 

The colouring matter of cherry sldns^ has 
been characterised by Willst&tter and Zollinger 
(Annnlon, 1916,412, 164) as 1-craci/anm (chloride, 
CjjHj.OjsCl) yielding on hs’drolysis with 
hydrochloric acid, cyanidin, glucose, and 
rharanose. It thus appears to bo a diglucoside 
of cyanidin, CjjHioOe. 

Konig gives the composition of the ash as : 
K,0 54-8, NajO 4-4, CaO 5-8, MgO 5-4, 
Fe.Oj 1-5, Mn^O^ 0-8, PjO, 15-6, SO3 5-4, 
SiOj 5-0, Cl 1-6 %. 

The iron content of cherries appears to vary 
considerably with the type. Minor elements 
recorded by various analysts include: A1 34-9, 
Cu 1-6, Zn 1-5 mg. per kg. fresh weight. 

The kernels of chciry stones average about a 
quarter of the w-eight of the stone and contain 
H2O 6-3%, protein 28-0%, other extract 38-7% 
(Alpors, Z. Unters. Nahr.-Genussm. 1917, 
S4,433). 

A. G. Po. 

CHERRY KERNEL OIL is the fatty oil 
present to the extent of 30-40% in the sced- 
kemcls of the cherry, Prunus Ccrasus L. 
Since 1926, attention has been paid in the 
United States to the recovery of the oil on a 
commercial scale from the kernels of the sour 


chcriy, which arc available as a by-product of 
the cherry-canning industry. About 34 tons 
was thus prepared in 1929, but the potential 
production of oU, assuming all the pips separated 
at the canning plants were utilised for this 
purpose, has been estimated at about 2,000 
tons per annum. Refined cherry kernel oil is 
pale in colour and of a bland flavour, nnd the 
American product is reported to have good 
keeping properties. It resembles almond nnd 
apricot kernel oils in many respects nnd is 
similarly employed in the manufacture of 
cosmetic and pharmaceutical preparations; 
it is also suitable for use ns a salad or culinary 
oil. The following figures have been recorded 
by .Tamieson nnd Gcrtler (Oil and Eat Ind. 1930, 
7, 371) for a commercial specimen of refined 
American cherry kernel oil : 0-9183, 

saponification value 190-7, iodine value (Hanus) 
115-8, unsaponiCable matter 0-6% ; the fatty 
acids consisted of 2-9% of stearic acid, 4-2% 
of palmitic acid, 49% of oleic and 42% of linohc 
acid, together with traces of myristic (?) and 
nrachidic acids. Iodine values from 109 to 
123 have been recorded by other observers 
for crude cherry kernel oils from various sources 
(r/. Alpers, Z. Unters. Nahr.-Genussm. 1917, 
34, 433 ; Spitnieri, Drug and Cosmetic Ind. 1936, 
38, 331 ; Tilgncr, Konserven Ind. 1931, 18, 
257). 


The oil gives orange or reddish colorations in 
the Richer and Kreis tests {see Alsiond Om). 
According to Rabak (U.S. Dept. Agric. 
Bull. .390, 1916; Oil and Soap, 1932, 9. 210) 
fresh cherry kernels contain a glucoside of the 
type of amygdalin, about 1% of volatile oil, 
resembling essential almond oil (q.v.) being 
recoverable from the press-cake remaining from 
the expression of the fatty oil (the kernels from 
imported cherries,' which had been preserved by 
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treatment trilh sulphur dioTide and bnne, 399 ; W. A. Tnrr, The Origin of Chert and 
howerer. did not hare the charactenstic •* hitter Flint, UniT. Missouri Studies, 1926, 1, no. 2; 
almond ” taste) The residual seed mesl, after Speoal Reports on the Mineral Resources of 
recovery of the fatty oil, could be used as a Great Bntam, Mem. Geol. Surrey, vol. 6, 
fertiliser, or, if freed from volatile oil (hydro- Refractory Sfatenals : gamster and silica rod, 
cvanic acid) as an ingredient of cattle-fo^. 2nd ed , J020 ) 

■* EL. L. J. S. 

CHERRY-LAUREL, ESSENTIAL OIL CHESSYLITE orAZURITE. Hydrated 
OF. Obtamed by distillation of the leaves of basic copper carbonate, 2CUCO3 Cu(OH)}. 
Prunus LauTOttTOSUi Lmn. (Fam. Rosaces), a forming monoelinic crystals of an azure blue 
native of Persi.a, and cultivated generally as an colour. Finely crystallised specimens have been 
ornamental shrub The leaves contam a found in abundance m an old copper mine at 
cyanogenetic glucoside laurosin which interacts Chessy, near Lyons, in the south of France, and 
with an enzyme yielding bcnzaldebyde and on this account the mmeral is often Icnown as 
hydrocyanic acid The oil separates ftom the chessylitc (Brooke and Sillier, 1852); the name 
distillation water with a yield of 0 05%. aznnte (F. S. Beudant, 1S24) refers to the 

Characteu — Spgr 1050 to 1065, optical charactenstic colour. Sp gr. 3 8j hardness 
rotation —0® 30' to -pO® 30'. Contains about 31-4. It occurs as an alteration product of 
05% of bcnzaldebyde. The distillation water is cbalcopynte and other sulphide ores of copper in 
standardised to contain 0 1% of hydrocyanic the upper oxidised zones of mineral veins ; and 
acid, end is used m medicine under the name it is itself often altered to malachite, the green 
cherry laurel water, principally in eye lotions carbonate (CuCOg Cu(OH)|). Fine crystals 
C. T B are also found at Broken Hill in New South 
CHERRY-LAUREL LEAVES. Lavro- Wales, Teumeb in South West Africa, and at 
cerasi/efia (BP), leaves olPninuaLaurocttasM Bisbee m Arizona ; at the last-named place it 
Ijnn. ocean, together with malachite, in sufficient 

CHERT. AeompactfonnofailicacsseQtially abundance to be mined as an ore of copper, 
the same as flint, differing from this mainly It was also formerly mined at Bunra-Bnira m 
la its geological occurrence The name flint u South Australia. pTom Arizona come pretty 
usually restricted to the nodules of irregular apecimens. with azunte and malacbito banded 
shape found in the chalk of Cretaceous age, together, which are polished for use in cheap 
whilst chert more often forms elabby masses, Jewellery. Powdered aznnte was formerly 
sometimes thick beds, in rocks of all geological used aa a piroent under the name “ mountam 
penoda It is usually associated with limestones blue.’* but this is now replaced by an artificial 
and dolomites, and sometimes a gradual passage product 

can be traced between the two, euggesting that L. J. S. 

the beds of chert have been formed by the CHESTNUT. Under the general title 
Biiicification (metasomatio replacement) of ** chestnut" are included ; 

I limestone Fo«sils are also replaced by aiLca, (!) The sweet chestnut, the seed of Casfonsa 
j but there are also often present sponge spicules sofuti Mill (or C mea Gaertn.}, the European 
and the siliceous testa of radiolans. In the species, of the large American species, C. 
Utter case the silica is of organic ongin ; while dentata Borkh . and of two amaller, dwarf- 
in others it has no doubt been deposit^ from growing species, C. pvmila Mill, and C, alnifoUa 
solution as colloidal silica, which has later Nutt (the Americau chinquapins), 
crystallised on a minute scale. The micro (2) lie horse chestnut, the seed of £kuIu3 
crystsUinc matenal consists of finely granuUr Htppocattanum L. 

qnartz and fibrous chalcedony, together with (3) The water or horn chestnut, the homed 
some opaline sihca The fracture of chert is fruit of Trapa nataiu (European), of T. bicornts 
more uneven and sphntery and the broken (Chinese), or of T. bupinosa (Indtan)- 
iurface less smooth than in typical flint. (4) The Chinese water chestnut, which is the 

The matenal vanes considerably m appear- onion shaped coim of E kocharit (u6»rosa 
ance, ranging from white to black in colour, and Schult. 

sometimes with a cavereous texture. It also The sweet chestnut is eaten roasted, or skinned 
vanes in chemical composition. Analyses by and mmeed as a dressing for poultry, etc , or 
H. F. Harwood (Geol. Mag. 1923, 60, J77) of in Italy is prepared as a flour and used for 
chert from north Flmtshue show SiO, 94 45- cookmg 

97 83, Ai)Oj 0 36-2 42, FCjO. 0-0 28, FeO The horse chestnut, although rich in nutrient 
0-0 22, COj 0-2 72, C 0-0 60%. A collection material, has a bitter flavour which precludes 
of analyses of chert from American locabties is its use aa a human food. Auld (J-S C.I. 1913, 
given by W. A. Tarr (Umv, Jtissouri Studies, 32, 173) records that the nuts are not markedly 
1926, 1, no. 2); one, from Joplin, Missoun, poisonous to animals and may be used in 
SiO, 99 46. while a calcareous chert moderate proportions as a cattle food. Serger 
from Grand Falls, Sfissouri, shows SiO, 63 67, (Chem. Ztg. 1916,40,221) prepares asatisfaclory 
C^O, 32 12% cattle food by boiling the coarsely ground nuts 

Dcpcflita cf chert arc worked at Bakewell m with successive portions of water. 

^tbyihire. Hallun m Flintshire, and Reeth in The starchy kernel of the horn chestnut or 
iorkshire, and the crushed material is used in Jesuits' nut renders it serviceable directly 
the production of pottery glazes, sod for as a food, or for the manufacture of a flour, or 
^nding and polishing. (H. C. Sargent, GeoL as a source of a commercial starch. 

Mag. 19-1, 58, 265; 1923, 60, 168; 1929, 66, The corms of the true water chestnut aro eaten 
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CHESTNUT EXTRACT, 

pithcr raw or cooked by the Chinese and may also I The average percentage composition of these 
he used for the preparation of stareh. j “ chestnuts ” (kernels) is : 



Tn an examination of protein constituents of The bark contains more tannin (17%) than the 
theliorse chestnut, Belozerski and Dubrovskaja wood, but is not much used. The tree, which 
(Biochimia, 1930, 1, COO) isolated a globulin grows to a height of 00-80 ft., is abundant in 
hippocaslatiin, and a nuclco-protein which on Italy, tho South of Franco and Corsica, where it 
liydrolysls yielded amino-acids of similar forms immense forests, and it is also very 
composition to those from hippocastanin, and common in America. 

nucleic acid from which guanine, adenine, Freudenberg and Walpuski (Ber. 1921, 54, 
cytosine, thymine and Imvulic acid were [B], 1095) isolated tho crude tannin and, by 
obtained. Colby gives the following analysis of hydrolj'sis with dilute sulphuric acid, obtained a 
tho a.sli of sweet chestnut kernels : KjO 48-7, small amount of quercetin, traces of gallic acid, 
NOjO 1-2, CnO 4-0, MgO S-1, FCjOj 0-4, sugar (2%, chiefly dextrose), and cllagic acid 
MOjO, 0-2, PjOj 23-55, SiOj 0-18, SO, (15-20%). All these are present in the com- 
12-8, Cl 0-34%. Small amounts of copper and bincdforin. Nosugarwas produced by the action 
zinc are also present. of craulsin, thus indicating that quercetin and 

A. G. Po. cllagic acid are not present ns glucosides. 

CHESTNUT EXTRACT. The wood of Purification of the crude tannin was effected 
tho sweet or Spanish chestnut (Caslancn trsca), by the action of nspergillu.s-tunnase, then pre- 
though it contains only 3-C% of tannin, is the cipitating with a lead salt and decomposing 
murce of the much valued chestnut extract, the precipitate with hydrogen sulphide. The 
























2S CHESTNUT 

pun£ed tannin is a j ellow ish red, strongly addic 
substance, almost insoluble in ethyl acetate, and 
yields only 3% of ellagic acid when heated for 
6 hours with 3% sulphuric acid. The acidity 
indicates a molecular weight of about 400 or 
some multiple thereof. It gives a blue colors 
lion with iron ealts, but is not precipitated by 
bromine water and docs not contain phloro- 
gtncinol. Chestnut tannin thus appears to be a 
representative of a new type of tannin and to be 
closely alhed to that of the native (German) 
oak. 

JlOller and Zellner (Biochem. Z 1935, 277, 
383) describe the precipitation of a phlobapbene, 
enspincal formula from chestnut 

tannin extract. \%’hen oxidis^ with alkahne 
peroxide, it yields a product, Ci4Hf0(,2H{0, 
decomposing at 400®, which resembles but is not 
identical with ellagic acid Distillation of the 
phlobaphene with zinc dust gives anthracene 
and naphthalene, but no fluorene, whilst by 
fusion with potassium hydroxide protocatechuic 
acid, euecime acid and pyrogallol are produced. 

From the leaves of the Caa/anea tetea, Kur- 
meier (Collegium, 1937, 273) isolated a tanmn 
from which, by hydrolysis, 8-9% of ellagic acid 
was obtained. The methylated tanimi has the 
composition C|,Hi|0|{0Me),, and yields 
tninethyl citrate on distillation Munt (ihid. 
1939, 490] obtained 3 8% of a tannm, a galloyl* 
hezose, from the same source 

Chestnut is employed almost entirely in the 
form of extract, the strength of which vanes, 
but dsually contains from 36 to 32% of tannin. 
The extract is frequently decolourised, and 
sometimes mixed with quebracho extract and 
other matenals. Chestnut tannin is the tannin 
which IS most largely employed for the dyeing of 
silk Caitanea cuca appears to be frequently 
confused with the horse-chestnut. /t$cutu4 
Ilippoccutanvn. The tannm derived from this 
Utter IS, however, of Lttle or no practical value 
(c/. FoUak, Collegium, 1913, 391) 

A. 0. P. and E J. C. 

CHIAN TURPENTINE. A turpentine 
denved from Piatacia Tfrebmlhus Linn. 

CH I ASTOLITE c. A>Dai,i7siT£. 

CHICA RED and CARAJURA. These 
are rare pigments prepared by the Indians of 
Central Amcnca from species of Bignoma which 
are very similar m appearance and may contain 
as a basis the same colouring matter. According 
to Crookes (“ Dyeing and Calico I'rmting,” 
1874,p.3SS) chi-a is obtained from the leaves of 
thoEi^oniaCAiea. which the Indians boil with 
water, and add some particles of the bark known 
as “ aryaue ” to the decanted liquid, which 
causes the precipitation of the colounng natter 
An interesting r^sumd of what is lu.own of chica 
and similar preparations is given by Holmes 
(I’harra. J. 1901, 12, 595). Lee (J C.S. 1901. 79. 
284) describes the preparation of a pigment from 
the hcartnood of Bignonia Teeoma. 

Erdmann (Jahresber 1657, 487) isolated a 
colouring matter from an alcohohe extract of a 
specimen of chica red said to be deni cd from the 
leaves of the D. cAico, and assigned to it the 
formula C,HjO,. 

Tho colounng matters present m caxsjura 
have been studied by Perkin (Proc. Chem. Soc. 


EXTRACrr. 

1914, 30, 312) and Chapman, Perkin and 
Robhison (J.C.S. 1927, 3015). The sample con- 
sisted of dull red fragments possessing a 
peculiar camphoraceous odour, was insoluble in 
wafer, alcohol and dilute alkahs, and contained 
approximately 4% of colouring matter as calcium 
or magnesium lake, 23% of peaty matter, per- 
haps “ aryane,” a wax, and a resin m small 
relative amount. The mineral matter as ash 
(38%) consisted mamly of lime, magnesia and 
sihea, tt^ethcr with some potassium carbonate. 

The powdered carajura, after boding with 
benzene to remove wax, and digestion with 
dilute hydrochlonc acid at 95®, was extracted 
with boding alcohol The residue obtained on 
evaporation was digested with boiling benzene, 
by which means carajurin, the mam colouring 
matter, was isolated. Subsequent extraction 
of the residue with boding acetone yielded a 
second colouring matter, earajurone, as on 
mdistinctly crystalline scarlet mass. 

Carajurtn, C]|H}02(0H)(0Me){. garnet 
needles, m p. 205®-207®, is sparmgly soluble in 
hot benzene and alcohol, more readily so m 
pyndme It dissolves sparingly in ddute 
aaueous caustic alkalis to orange-red solutions 
wbch become brown on keeping, but does not 
dissolve in boiling ddute aqueous ammonia 
(distinction from carajuxetin). With alcoholic 
lead acetate caraiuiin gives a solution which 
slowly deposits pale red needles, whereas 
alcoholic feme chloride gives a brownish violet 
solution which becomes brown on the addition 
of an excess of the reagent. Well defined, 
crystalline, orange red oxomum salts are 
obtained with aciu, and from these the base is 
easily recovered. Biomuiation of carajunn 
yields a eompourtd, CjtHi^OgBrt or 
CijHifOsBr^, orange needles, which is 
apparently both a hydrobromide and a per- 
bromide; on treatment with boding acetone it 
IS changed vatodtbromoearajunn, 
bright red needles. These bromo-denvatives do 
not melt, but become carbonaceous powders at 
300°. 

In many respects carajunn resembles the 
anbydrobydroxybcnzopyranol bases prepared 
by Bulow and his collaborators. The coloured 
anhydrohydrozybenzopyranols have frequently 
been found to yield colourless derivatives of 
hydroxybenzopyranols, and by acetylation of 
carajunn a colourless tnoeetyl derivative, m p. 
142°, of hydrated carajunn is obtamed. Further, 
fusion of carajunn with caustio alkah afibrda 
p-hydroxybenzoic acid, whilst by boding with 
concentrated aqueous potassium hydroxide, p- 
acetylaniaole is product. 

Demethylation of carajurm with hydriodic 
acid gives carojmtin hydnodx&e, CjjHiiO.I, 
which has the composition and properties of a 
ietrahydrozyflavylium iodide. Its constitution 
was established by the synthesis of scutellarem- 
idin chloride : 


Cl 
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which proved to be identieal with carajuretin 
hydrochloride. 

The action of cold p3Tidine on carajuretin 
hydriodide leads to the formation of carajuretin, 
CjjHjoO,, scarlet needles which become black 
at 330° without melting. With acetic anhydride 
and pyridine in the cold a colourless penta- 
acelyl derivative, m.p. 156°-157°, of hydrated 
carajuretin is obtained. 

In considering the structure of carajurin 
there arc four possible arrangements differing 
only in the position of the substituents in the 
trihydroxybenzenc nucleus : 




Of these (II) and (III) are tautomeric and 
would yield the same hydrochloride. The 
synthesis of this hydrochloride, however, proved 
that it was not identical with carajurin hydro- 
chloride. The choice betaveen (I) and (IV) 
cannot yet be made definitely, but (I) is prefer- 
able on account of the colour and stability of 
carajurin. 

Carajurone, m.p. 183°-186° (decomp.), dis- 
solves in aqueous sodium carbonate to a 
brownish-red solution, the colour of which is 
neither so intense nor so persistent on dilution 
as that obtained from carajurin under similar 
conditions. The ferric chloride reaction closely 
resembles that given by carajurin ; alcoholic 
lead acetate gives a maroon-coloured precipitate. 
The substance combines with strong acids form- 
ing oxonium salts, and there can be little doubt 
that it is a carajuretin monomethyl ether. 
The perceptible odour ofp-acetylanisole observed 
on boihng a solution of carajurone in con- 
centrated aqueous sodium hydroxide indicates 
that the methoxyl is in position 4'. 

Dyeing Properties . — Carajurin and carajurone 
dye mordanted fabrics in almost identical shades, 
whereas those given by carajuretin are somewhat 
yellower. The following comparative results 
were obtained on mordanted wool : 



Chromium. 

Aluminium. 

Tin. 

Iron. 

Carajurin . . 

Deep maroon 

DuU brownish-red 

Bright scarlet 

Deep violet- i 

maroon 

Carajurone 

Deep maroon 

Dull brownish-red 

Dull scarlet 

Deep violet- j 

maroon . 

Carajuretin . 

Brown 

Dull brownish- 
orange 

Brownish-scarlet 

Brownish-maroon j 

1 

1 


A. G. P. and E. J, C. 


CHICK PEA. An annual legume, Ciccr 
arietinum, extensively grown in India, where 
it is known as Bengal grain, and in the Jlediter- 
rancan countries. The seeds form a valuable 
food for cattle, or, after removal of the husks, 
for man. They are boiled and eaten as a 
vegetable or in some countries are roasted and 
used ns a cotfee substitute. A preparation of 
roasted chick peas forms an important food 
substance {Lchldiji) in Bulgaria. In India 
the j’oung leaves arc sometimes fried in oil. 

The chick pea plant differs from the majority 
of common pea species in possessing numerous 
glandular hairs which secrete acid material 
consisting mainl}’ of citric, malic and oxalic 
acids (G. R. Jfilne, J. Rov. Tech. Coll., 1934, 3, 
330). 

Average analyses of chick peas and of 
Lcbhiiji by Zlatnroff and Stoikov (Z. Unters. 
Xahr.-Gcnussm. 1913, 26, 242) are : 

. *5 

o -5 
i" s 

Chick 

peas 10-47 22-6 5-08 56-14 49-33 3-09 2-88 
lAkliji . 0-14 24-8 6-09 68-0 67-99 2-21 2-73 



The composition of the dry matter of stems, 
leaves, and seeds according to Passerini (Ptaz. 
sper. Bgr. ital. 1891, 21, 20) is : (as percentages) : , 



Protein. 

Fat. 

Other 

Ccllu- carbo- 
lose. hydrates. Ash. 

Nitro- 

gen. 

Stems 

6-35 

1-8 

35-0 

49-0 

7-81 

1-62 

Leaves 

14-21 

4-1 

13-9 

58-9 

8-83 

2-27 

Seeds 

26-20 

5-2 

1-7 

63-6 

3-30 

4-19 


The nitrogen distribution of seeds examined by 
Zlataroff (Z. Unters. Nahr.-Gennssm. 1916, 31, 
180) is given as : total nitrogen 3-34, protein 
m’trogcn 2-11, nuclein nitrogen 0-10, ammoniacal 
nitrogen 0-10, peptone nitrogen 0-007, amido- 
nitrogen 0-01, amino-nitrogen 0-12. Ivanov 
(Bui. Appl. Bot. Leningrad, 1933, HI, No. 1, 3) 
observes a very wide range of protein content 
depending on growth conditions. Extreme 
values were 12-3% and 31-5%, the lowest 
occurring in soils from which the specific 
nodule bacteria were absent. The composition 
of the globulin of cluck peas is shown by 
Narayana (J. Indian Inst. Sci. 1930. 13, A, 153) 
to be : 








Trj'ptophin 

Argimae 


SihaII amounts of adoo 


. 0 41 

(10 3 {ran Sljle) 
(12 1 (di«cl) 


betaine, and cbolme 


CHICK PEA. 

for the detection of common adulterants, e g. 

t ground sugar beet or articbolce. tVynter Blyth 
quotes th© following for fresh roots : 


were detected by ZlataroS’, who also records the 
nature of the phosphorus compounds as 

Protein— P.Oj 0 486 

Lecithin 0d42 

Soluble orgamc 0 244 

Inorganic . 0118 

Total P,Oj . G90S 

The seeds also contain appreciable amounts of 
inosite and pbj tin 

The fat present in the seeds baa the following 
characteristics spgr at 15° 00396-003*6, 
tohdifyijig point —19 5°, 1 4744, saporuSca 
tion xaluo 240, the acid number of the crude 
fat IS 0 3 toO 5, wdme %aloe UO-llO, Reichert- 
Meissl value 4 51, Polenskc value 1 1, Hehser 
value 910, ester value 239 5, unsaponifiable 
matter 0 4S% The separated fatty acids have 
ID p 25% iodise value 129. 

Zlataroff (1 e ) records the presence of 0 3% 
of a sterol slunutosterol (acetate, m p 128°) 
Fusermi (1 e ) gives the compositiou of the ash 
u- K.O 24 6, Na.O 1 29. CaO 44S. MgO 
19 98. Fe.O, 2 42. P,0< 39 56, SO, 3 38. 
810,2 85, and Cl 0 71%. 

A C. Po. 

CHICLE. Chicle or chicle gum, as it » 
often termed, u the tbekened latex of a Mexican 
rtee, Ae^ra4 Zapata It is used fo a cousideraM'e 
extent in the manufacture of chewing gum. The 
commercial article is a mixture of water soluble 
gums reams, and mmeral matter. Procbaiba 
and Endemann (Fharm. J. 1879, 9, 1045, 1065) 
give the following analysis of a clean sample of 
chicle 


Ccllulo'e 

Cnminy Gin- Bitter ex- tnulinatnl 
Water matter tose. tranive. Fat. fibre Aeh. 

77 0 7^5 11 40 06 90 08 
Earlier analyses by Mayer (Bied. Zentr. 18S5, 


72 M 02 120 14 66 0 5 1-4 

to to to to to to 

77 173 1 8 60 015 1 0 

i During the roastmg process there is considerable 
destruction of tnulin and the roasted product 
contains increased proportions of reducing 
sugars together with dextrin and caramel. 
Petermann found pure roasted chicory to con 
I tain 

ITfl^cr.sofuWe material (74 2%). 


16 3 26 1 9 6 3 2 16 4 

IToler tmohble malerial (25 6%). 
Protein Fat Cellulose, Asl 


Soluble ID Water 
Flnavil 

Hydrocarbons soluble 
in ethtT 

Hydrocarbons insoluble 
m ether . 


25 00 (gum and 

mmeral salts) 

33 75 


12 7 


E. J. P. 

CHICORY. CieJionum Inl^ut In addi- 
tion to the widespread use of tbe ground 
roasted root for admixture with coffee, the 
green plant ^If forms a serviceable food, and 
the yc mg -ecn leaves, blanched by growing m 
cellar or covering with eod in the open, 
used raw < a salad or boiled Mid eaten a 
legetable — the French endive. 

Complete analyses of chicory are aeldom 
reported , the msjonty of pubhshed data relates 
to partial analyses, which may serve to deter- 
mine the composition of coffee-chicory miaturea 


32 


67 


123 


An approximate determination of the com pod 
tjon of mixtures of coffee and chieoir may be 
made, according to Leebody, on the basis that 
the tmctonal power of chicory is roughly three 
tunes that of coffee. 

The characteristic odour of roasting chicory 
bas been examined by Reichstein and Beitter 
(Ber. 1930, 63, [B], 816), who record that the 
volatile matter produced contains acetaldehyde, 
acetone, diacetyl, diketopentane, furfuralde- 
byde, 5-bydroTymetbyl furfuraWehjde, malto), 
furan. methyl and furfuryl alcohols, acetic, 
pyruvic, lactic, pyromucic and palmitic acids, 
togetJer mitb traees of phanoh end a Boatrti 
oil- These substances may be regarded as 
derived from carbohydrate matenals Tho 
Urge proportions of furfuraldehyde and hydroxy- 
methyl furforaldehyde which ate derived from 
muliD, together with the absence of volatile 
oitrogeo and sulphur compounds, form a 
marked contrast with the products obtained 
dnimg the roasting of coffee. Hehncr and 
SLertchly have suggested the determination of 
furfuraldehyde (as a measure of pentosans) for 
detecting the presence of chicory in coffee. 
The pentosan content of coffee is 5 0-5 5%, and 
that of chicory 2 5% (Analyst, 1899, 24, 178). 

Danng storage of chicory roots inulin is 
partiaUy converted into inulide, and possib/y 
into other more easily fermentable products. 
Wolff and Geslm indicate the presence in the 
roots of an enay me which effects the transforma- 
tion* ioulin-» inulide-i. fructose (Compt.rend. 
1917, 165. 651 ; 1918, 166, 428). This change 
may be brought about in a quantitative manner 
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by heating at 80°-100“, or in an autoclave, 
with appropriate amounts of mineral acid, 
(Bobkov, Z. Spiritusind. 1936, 59,-97, 239, 247). 
In another investigation Wolff (Compt. rend. 
1910, 164, .614) records that the roots contain a 
substance (probably an enzyme) which ho terms 
inulo-coagulase, which coagulates inulin in the 
expressed juice. Its action is apparently 
specific for inulin. 

The bitter principle of chicory is probably 
n glucosido of fructose and pyrocatechuic 
aldehyde (Grafe, Biochem. Z. 1915, 68, 1). 
Zellner and Richling (Monatah. 1920, 47, 095), 
in examining the juice of roots, give the formula 
CjjHjoOj to the bitter substance, and also 
report the presence of a stearin, mannito and 
tartaric acid. Wolff also described (1899) an 
optically inactive sugar which ho named 
ti/nanthrose. Grafe (Boitr. Biol. Pflanz. 1935, 
23, 330) states that a glucosido occurs in 
chicory in which inulin functions as the carbo- 
hydrate. 

Betaine and choline occur in small amounts in 
chicory and are not affected by the roasting 
process. Adulteration of chicory with sugar 
beet (which contains approximately seven 
times the quantity of betaine) is thus easily 
detected (Vondrak, Zentr. Zuckerind Czecho- 
slov. 1929, 53, 300). A microscopical method for 
this purpose is baaed on the occurrence of 
crystals of calcium oxalate in certain colls of 
sugar boot examined after removal of colouring 
matter by repeated washing with sodium 
hypochlorite solution (Collin, Ann. Palsif. 1910, 
9, 271). 

The presence of chicory in coffee may be 
ascertained by determination of the cupric- 
reducing power of the extract. Roasted coffee 
contains l'9-2.0% and roasted chicory 25-27% 
of reducing sugars. 

The sp.gr. of extracts also offers a means of 
delecting adulteration in many cases ns the 
following values for the sp.gr. of infusions of 
various materials with ten times their weight of 
water indicate : 


Spent tan 1-00214 

Acorns 1-00730 

Peas 1-00730 

Mocha coffee 1-00800 

Ceylon coffee 1-00870 

Java coffee 1-00870 

Costa Rica coffee .... 1-00900 
Native Ceylon coffee . . . 1-00900 

Brown malt 1-01090 

Black malt 1-02120 

Dandelion root .... 1-02190 

Red beet 1-02210 

Yorkshire chicory . . . 1-01910 

Foreign chicory .... 1-02260 
Guernsey chicory .... 1-02320 

Maize 1-02530 

Brc.ad raspings .... 1-02030 


(quoted by Wyntcr Blylh, 


“Foods,” p. 300). 


The percentage composition of the ash of 
chicory roots and leaves is as follows : 

K,0 N»jO HtO CjO FcjO, PjOj SO, SIO, Cl 
Root 40-4 7-7 0-3 8-7 3-0 14-2 9-0 0-0 3-7 
Leaves 00-0 0-7 3-214-3 — 9-0 9-0 1-0 1-7 


Wynter Blyth (“ Foods,” pp.359, 1909) gives 
as the main differences between the ash of coffee 
and of chicory, the following : 



Coffee ash. 

O/ 

Clileory ash. 

O' 

Silica and sand 

/O 

10-7-35-9 

Carbon dioxide 

14-9 

1-8-3-2 

Ferric oxido 

0-44-0-98 

3-1-5-3 

Chlorine .... 

0-20-1-1 

3-3^-9 

Phosphorus pentoxide 

10-0-11-0 

5-0-6-0 

Soluble ash 

3-0 

1-74 

A. G. Po. 


CHILE SALTPETRE. Sodium nilraie. 

CHILLIES V. Cap.sicum. 

CHINA CLAY or KAOLIN v. Clay. 

CHINA GRASS. Ramie, Rhea. This fibre 
is obtained from the stem of a plant of the 
Urtieaceaj, which grows to the height of 4-8 ft. 
and in general character resembles the common 
nettle, Uriica dioica Linn., but is devoid of 
stinging hairs. The plant exists in two varieties, 
(1) Boehmeria nivea Gaudieh., which bears 
short, silvery hairs on the lower surface of the 
leaves, and (2) B. nivea var. lenacissima, 
the leaves of which are green on both aides. 
The former variety is cultivated chiefly in China 
and Formosa under the name of “ ch’ii-ma ” or 
“ tchou-ma,” whilst the latter occurs in more 
tropical countries, such as the islands of the 
Malay Archipelago, where it is known as 
“ rhea.” The Indian form has been sometimes 
regarded as B. nivea var. lenacissima, but Sir 
George Watt affirmed that it is of the same 
variety as the Chinese plant. The cultivation 
of the plant in China is carried on chiefly in the 
valleys of the provinces of Hunan, Hupeh, 
Kiangsi, and Szechuen. 

The fibre resides in the inner bark or bast 
tissue of the stem. The methods of extraction 
differ widely from those used in the case of flax 
and hemp as the encrusting substances are not 
removed by a retting process but by chemical 
means. The commercial “ China grass ” is 
prepared in China by hand. The bark is peeled 
from the stems and the outer brown skin or 
pellicle removed from it by scraping and washing. 
The process is tedious, the production of a few 
pounds of the scraped ribbons constituting a 
day’s work. In these ribbons the fibres are 
firmly embedded in a gummy substance of a 
pectinous nature which must bo removed to 
obtain the “ Classo ” or pure fibre ready for 
spinning. This operation, termed “ degum- 
ming,” is not carried out before export, but is 
effected subsequently by chemical treatment. 
The process is designed to dissolve and -wash 
out the gummy substances without attacking the 
cellulose ; at the same time, the fragments of 
brown pellicle still adhering become detached 
and are removed by washing. On account of the 
danger of the fibre becoming injured by the 
degumming treatment, spinners usually prefer 
to buy the fibre in the form of ribbons of hand- 
cleaned China grass and degum it by their own 
process. Many different processes have been 
devised and are usually guarded as trade 
secrets. The following -irill, however, servo to 
indicate the kind of treatment to which the 
material is subjected. The ribbons, after boiling 
in dilute caustic soda, are exposed to the action 
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of a folution of bleaching powder, and then 
imioersed in a bath of dilote acid, the laat two 
processes being repeated until the whole of the 
f nim has been estracted and the white, lostrous ' 
blasse obtained. 

YtelJ. — From two to Ibnr or even six cnttmgs 
of ramie stems can be obtained annually accord* 
tag to the climatic and other conditions of the, 
locality in which the crop is grown. It >s I 
estimated that from two cnttmga the yield of I 
fresh stems per acre amounts to 1&-20 tons, 
giving J-1 ton of dry scraped nbbo&s The 
nbbons furnish about 50% of their weight of 
degummed fibre or filassc, and hence the yield 
of filasec per acre amounta to approximately 
7J-10cwt per annum. 

Charactin, Uies and Compoeilton, — Ramie 
fibre is one of the itrongeat known. It is 
extremely durable and is said to be less affected 
by moisture than any other fibre, but it is acme- 
what lacking m elasticity. The fibre haa 
brilliant, silky lustre, can be dyed readily, and 
exceptionally long. The filassc consists of 
isolated ultimate fibres or small groups of fibres 
The ultimate fibres vary frorn 7S to 400 mm m 
length and from 0-02 to 0 075 mm in diameter, 
the average diameter being about 0-0375 rom. 
Or about twice as great as that of cotton fibre. 
The fibres taper towards each end. but the ends 
themselves are rounded. They are thick-walled, 
have a well marked lomen. and bear longi- 
tudinal atnations and occasional transverse 
tnarUngs The fibre substance consists of non- 
hgnified rcUoIose 

It has been suggested as the result of a study 
of ramie by X ray methods that the ultimate 
fibres are composed of chains of long, fhm, sub- 
tnicroscopic c^tals which be roughly panllel 
to the fibre axis. These ciystals are estimated 
to be approximately 0-075^ long and 0003>i 
thick i»et Vi. T Astbuiy, "Fundamentals of, 
h'lbre Structure " (1933), end G. F. Davidson. 
J. Text. Inst 1936, 27, P144) 

China grass is used extensively m China for 
the manufreture of fabnes known as “grass- 
cloths" In Europe the fibre is woven into goods 
of vanous descnptious, such as lace, curtains, 
tablecloths, counterpanes, plushes and even 
clothmg materials It has brsn used successfully 
in combination with wool for the production of 
certam classes of fabnes and has also found an 
Outlet in the manofsetore of mantles for 
incandescent gas bgbting. 

CHINA INKor /ndtoa /nk consists of lamp- 
black made into a pasta with animal or fish glue 
and dried m th» form of cakes or sticks of paint. 

CHINA-STONE. A granitic rock banog 
its felspatbic constituent more or leas decom- 
Posed, but not completely kaobnised, and with 
an absence of coloured minerals, such as biotite 
and tourmaline. As the felspar stiU retains 
part of Its alkali, and as some micaceous inmeral 
IS generally present, the stone is fusible ; hence 
It IS largely used m the manufacture of porce* 
hun, and when free felspar is not introduced 
It forms the only vitnfiablc constituent of the 
paste. Guna stoue is sametimes ^own as 
“ Conush stone " m consequence of its being 
largely quarried la Cornwall, where it was dis- 


covered by W. Cookworthy of I>lyiiionth, about 
1750. He first noticed it at Tregonmng Ttiii. 
near Breage, and described it under the local 
iiameof'*growan ”or“moor.6tone.’’ Itisnow 
obtained pnncipally from the neighbourhood of 
'SL Stepheaa near St. Austell^ fn this area 
it occurs as a local modifieatioii of the granite, 
and is sbsrpJy marked off from the sormai 
granite and from the china-clay rock. It is 
too hard to be worked bke the china-clay rock, 
and haa to be blasted and quarried bke oniinaty 
granite i in fact it has b«n u^ed locally as a 
building stone. The rock reqjures no pre- 
paration, but IS sent direct from the quarry 
to the pottenes. (For an account of the occur- 
rence of china-stone in Cornwall, Hem. GeoL 
Survey, Bodr&is and St. Anstejj district, 1909; 
and the Handbook by J. A. Howe. Quoted 
below.) 

The following commercial varieties are 
recognised : 

1. “ Hard purple," a hard, white rock with a 
faint purplish tmge due to the presence of 
fluorspar. 

2. “ Soft ” or “ mild purple,*' similar to the 
last, but softer. 

3. “ Dry white stone," a soft, »hite vanety. 

4. " Buff stone," similar to the last, but iron 
stained. 

The following analyses by PoUaid and 
E. C. BadJey are given by J. a. Howe, "A 
Handbook to the Collection of Kaolin, China- 
clay and China stone m the Museum of Practical 
Geology," London, 1914. I. "Hard purple" 
china-stone from Goonvean, near St. Stephens; 
n •• Buff” china stone from th^ same locahty; 
dina stone from Jersey (“ Jersey stone "J. 
II. 

72 28 
0 05 

050 


SiO. 

TiO, 

Fe,0, 
MnO , 
MgO 
CaO , 
Na.O 


3 01 
5 25 

. 0 02 
H,0 (over 105®) 0 68 
K,0 (at 105") . 013 
P,0, . . . 0 63 
F . . .0 89 

Cl . . .0 09 


73-18 
006 
/S-/S 
052 
0 02 

0- u 

06i 
2-18 
4 4i 
0 02 

1- 8i 
0 20 
0-46 


77 06 
0 03 
tsss 
0-47 
019 
0 19 
016 
3 23 
5 07 
trace 7 
0-37 
0 39 
0 25 


Jersey stoneis a decomposed partly kaoliuised 
granite quamed in Jersey. Gnmjte-pegmatite 
m France ; granite-apbte at Meldon, near Oke- 
hampton, Devonshire; porphyrjte in Saxony; 
lipantc in Japan; and frlsite ii] China are all 
rocks that are appbed for the sapje purpose. 

It has been proposed by J. H. ^Ums {“ Hens- 
barrow Granite liistnct," Truro, 1878) to dis- 
tinguish china stone under the b-me pelunztle, 
a word suggested by the Chinese pe.tun Ise. In 
the early part of the 18th cei,t^ury a Jesuit 
missionary named D'EntrecoUcg, tcssding at 
King-te-chin, sent to R&iumur. iq pans, samples 
of the raw materials used in China. These were 
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the first specimens of their kind that had ever 
reached Europe, and they led to the foundation 
of the manufacture of porcelain at Sfevres. The 
china-stone was described by D’Entrecolles 
pe-tun-tse, and the china-clay ns kaolin ; but it 
appears that the former name, if not both, must 
have been erroneously applied. According to 
the Chinese scholar, Stanislas Julien (Hist, et 
Fabric, do la Porcel. Chin. Paris, 1866, preface 
XX.), pe-lun signifies “ white paste,” while to is 
meiely a diminutive applied to the material 
when worked up into small cakes. Hence, pe- 
tun-tsc is really the name of small blocks of 
white clay or prepared paste, and not of the 
granitic rock. Nevertheless, custom in this 
country has justified the use of the term 
pe-lun-tse ns synonymous with china-stone. 

L. J. S. 

CHINA WOOD O I L, nut oil, sjmonyms for 
lung oil. 

CHINAPHENIN, QUINAPHENIN. 
Quinine carbophenetide, 

CjoHojONj-OCO-NHCoH^.OEt. 

CHINEONAL. Quinine diethylbarhiturato. 
Sedative and antipiTctic. 

CHINESE BLUE. {Got., Porzellanblau.) 
Several pigments are sold under this name, of 
which the follorving are e.xamples : ultramarine 
and flake white ; cohalt blue and white lead ; 
and a double cyanide of iron (Prussian blue), 

CHINESE GREEN or LOKAO v. Lokao. 

CHINESE REDr. Austrian Cinnabar. 

CHINESE VEGETABLE TALLOW, 
Stillingia tallow, is the hard fat which coats 
the seeds of the Chinese tallow tree, Stillingia 
eebifera Jlichx. (syn. Stillingia sinensis, Croton 
sebiferus L., Sapinm sebiferum Roxb., 
Exccecaria sebifera F. IHUI. Fam. Euphorbia- 
ccto), a tree growing wild, and also largely 
cultivated, in China, Indo-China and Northern 
India. PlanLations have recently been developed 
in Florida and Texas. In Tonkin, the tree is also 
valued for its leaves, from which a decoction is 
prepared for dyeing silk. Tire fruit capsule 
contains three oval seeds surrounded by a mass 
of the true vegetable tallow. This “ tallow ” is 
to bo distinguished from the oil obtained from 
the seeds (kernels) themselves, known ns 
stillingia oil or locally ns “ tsd-tidou ” or 
“ ting-yu,” which is a liquid drying oil. The 
tallow may bo scraped off tho seeds by passing 
them between fluted rollers, or may be melted 
off by steaming tho seeds in perforated cylinders. 
Tlic product is pres.scd into cakes in native hot 
presses, and sold under tho Cliinese name of 
“ pi-idou ” or “ pi-yu,” and is known in Europe 
ns “ prima vegetable tallow.” According to 
another process, tho seeds and tallow arc crushed 
together, giving a mixture of tho tallow and 
stillingia oil, kno-wn ns “ mou-idou ” or, to 
European candlcmakcrs, as “ secunda vegetable 
tallow ” ; this product is naturallj* much softer 
and has a lower melting-point and much higher 
iodine value. 

When fully developed, the tree yields 25-30 
kg. of fruit ayc.ar; the fruit yields about 30% 
of secunda or 15% of prima tallow. The cake 
is not suitable for cattle food, as it contains a 
saponin ; in Chinn it is used ns a fuel. 

voL. in. — 3 


The properties of the tallow vary considerably 
according to the source. The refractive index 
is 1-4546-1-4556 at 40"^ ; the saponification value 
varies from 197 to 215, and the iodine value 
from 19 to 32. Considerable quantities of free 
fatty acids may be present ; thus Hilditch 
and Priestman (J.S.C.I. 1930, 49, 397) foimd 
as much as 25% in a specimen from the 
United States. They analysed this sample, and 
also two leas pure Chinese specimens, and found 
the fatty acids to consist of 67-69% palmitic, 
21-34% oleic, 3-6% myristic, and 1-3% 
stearic acids. The tallow contained about 
25-35% of fully saturated glycerides (largely 
tripalmitin), and over 60% of mono-oleo-di- 
saturated glycerides (chiefly oleo-dipalmitins). 

The solidification temperature appears to vary 
greatly, being usually about 38°C., but samples, 
probably impure, have been stated to solidify 
at 24°C., whilst the American sample examined 
by Hilditch set at 48-2°C. 

Exports of Chinese vegetable tallow from 
Hankow to Europe and the U.S.A. amounted to 
6,000-6,000 tons in 1923-25, but have greatly 
diminished since that time, and none has been 
imported into England for some years prior to 
1938. A large proportion of the production is 
consumed in China for the manufacture of 
candles ; the total exports from Hankow were 
17,800 tons in 1917, and 8,200 tons in 1931. 
In Europe vegetable tallow was chiefly used in 
the candle and soap industries ; its value as a 
confectionery fat is uncertain (ef. Diedrichs, 
Z. Unters. Nahr.-Genussm. 1914, 27, 132). 

J. L. and E. L. 

CHINESE YELLOW {King's yellow). A 
mineral pigment owing its colour to the presence 
of hydrated ferric oxide. 

CHINIOFON. lodohydroxyquinoline- 
sulphonic acid mixed with sodium bicarbonate ; 
antiseptic for the treatment of amoebic dysen- 
terj'. 

CHINOFORM. Trade name for quinine 
formate. 

CHINOSOL or QUINOSOL. Trade 
name for the potassium salt of 8-hydroxy- 
quinoline-5-sulphonic acid, 

CpHeNOSOjK.H.O, 

a pale-yellow ciystalline powder with a saffron- 
like smell and a burning taste ; m.p. 175°-177-5° ; 
readily soluble in water, sparingly soluble in 
alcohol, insoluble in ether ; with ferric chloride 
gives an intense green colour, yellowish needles 
with copper salts, and a white precipitate with 
barium chloride. At a concentration of 1 in 
1,000 its solutions possess as great a bactericidal 
action ns mereurio chloride solutions of tho same 
strength. An antiseptic and disinfectant. 

CHINOTROPIN or QUINOTROPIN. 
Trade name for urotropino quinatc. 

CH 1 NOVOSE V. Carbohydrates. 

CHINQUAPINS V. Chestnut. 

C H I O L I T E . A double fluoride of aluminium 
andsodiura, 3AIF3'5NaF,closely akin to cryolite 
[AlF^-SNaF], but crystallising in the tetra- 
gonal system. Found at the Ilmen Jlountains 
in the southern Urals and with cryolite in 
Greenland. 


L. J. S. 
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CHIOS TURPENTINE RESIN. The 
name Oiios turpentine >s. prop'^tly, restricted 
to the oleo ream from species of pi$tae!a, al- 
though turpentine from some of the larches is 
often termed Chios turpentine. It is similar jn 
character to ordmary turpentine oleo resm. 
Emmanuel (Pharm. Acta Helv. 1935, 10, 12) 
misted from the resin of Piilaeia Terdunthvs, 
terminthic acid, CjiHjqOj. m ji. 136®— 137®; 
termintbinic acid, m p. 124®; 

termmtholio acid, CjjHjjOi, m p. 102®; and 
termmthoUnic acid, C,.Hj|Ov mp 128®. 
These acids ha\e not jet been characterised by 
the preparation of crjstafine denratives 

Chios turpentine w \ariahle in composition, 
and Its characters depend entirely on the relative 
proportions of essential od and resin 

E. J. P. 

CHIRETTA. CAirata, BP. Is the plant 
5i«rtia CAirata Buch — Ham collected when in 
flower and dried Japanese chiretta is Strertia 
cAtncnsij Franchet Hohn (Arch. Pharm. 1869, 
215) found two bitter constituents in Indian 
chiretta, viz chiratin and ophehc aeid. 

CHITENINE, QUITENINE, An oxida 
tion product of quinine, found in the unne 
after the administration of quinine C^ystaUisea 
from dilute alcohol la prisms, m.p. 28l*-282®, 
[a)” -123 G®. 

CHITIN. [qJo - 14 7" (in cone HCI) Isa 
polj saccharide containing nitrogen which forms 
part of the ekcletal substance of msects and 
crustaces. it is also an important skeletal 
element in the fungi it is not possible to 
distinguish between arumal and vegetable cbitin 
bv total nitrogen or by X ray analysis , their 
chemical identity has been shown by Zechmeister 
and Toth (Z pbjsiol Chem 1G34, 223, 53). 

Chitin u extremely resistant to hydrolvsis, 
but on boiling with concentrated hjdrocUono 
acid it IS concerted into 1 mol of glucosamine 
(3 amiQoglucosc) together with 1 mot of acetic 
acid 

It IS considered by Meyer and Mark (Ber 
1933, Cl. [B], 1930) to be built up of A' acetyl 
glucosamine units in glucosidtc linkages 
exactly as in cellulose. 

Karrcr and Holfman state that an enzyme from 
(he xinejanf snail is ahfc (o Aydroljse cbitin 
(Hciv Cbim Acta, 1939, 12, 616, 9S6), the 
end product being acetylglucosamme 

By acetoljsis of chitin with acetic and m 
aulphuno acid, Bergraatm tt al (Bcr 1931, M, 
[B], 2436) obtained the octa-acetate of a di- 
aacebande chitobiose 

Zechmeister and Toth (Ber 193i 64 [Bl 
2028. 1933, 65, [B], 161. 1706) obtained in 
addition a chitotnosc and an amorphous water 
soluble chitodextrin. 

The ItSntgen diagram (Sleyer, Chim. 

Acta, 1035, 18, 589) also confirms the structure 
as being of the long chain cellulose type. It is 
not known whether the glycoside linkage w a 
or p. 

EF.A. 

CHITINASE, the enzyme which hydrolyses 
chitin, was dwcoiered by Karrer amj Hofimann 
(Helv. Chim Acta, 1939. 12. 616) m the digestive 
juices of lltltx It attacks genuine chitm 


only slowly, but after solution in concentrated 
hydrochloric acid, and separation by pouring 
into water, the chitin is easily hydrolysed. 
A'-Acetylglueosamine is the final product alike 
from chitm of animal and fungal ongm ; 
riiitodextrms are intermediate products. Cbiti- 
nase is not the same as emulsm ; it has, how- 
ever, been obtained from the outer part of 
almonds free from 0 glucosidase (Grassmatm, 
Bcr, 1934, 67, [B], 1 ; Helfench, Z. Physiol 
Chem 1933,221,253). 

It has also been obtained from Aspergillus 
ort/zae and is obviously widely distnbuted. 
The oprimaf « 5-2; rt rs destroyed at r<?®. 
Perhaps it is a mixture of tw o enzymes acting m 
succession. 

Chitinase is able to hydrolyse synthetic 
glycosides of A'-acetylglucosamine, for example, 
phenyl A’-acetylglncosamimdc. It is quite 
without action on the non acetylatcd compound ; 
ebitosan is only hydrolysed as far as the poly, 
glucosamme stage, whereas acctylchitosan is 
totally hydrolysed by the enzyme. The acetyl 
group IS thus essential for the enzyme to be 
active ; it cannot be replaced by formyl or 
benzoyl. 

E. r. A. 

CHITOSAMINE is glucosamine (2-amino- 

glucose) (p CiOTjN). 

CHIVES. AUtum SehcBnopTOJum, L. A 
perennial plant occurring naturally m many 
parts of Europe and cultivated for the round 
omon like leaves which are used for flavouring. 
Th« percentage composition of the leaves is 
given as . 

N free 

ttater Protele Fat extract Fibre Ash 

91-2 2 6 0 33 3 09 1-48 128 

Churg and Ripperton (Hawaii Agtic. Exp. Stat. 
Bull 1939, No. 60). The mineral constituents 
include Ca 0 048, Fe 0 0084. and P 0 057%. 

A. G. Po. 

CHLOANTHITE. Native nickel arsenide, 
NiAs,, isomorphous with smaltito (CoAs,) 
there being no sharp line of demarcation 
between the two species. Found as cubio 
crystals and compact masses at Schneeberg in 
Saxony and Ricchelsdorf m Hesse, where it was 
formerly mined as an ore of nickel It occurs in 
considerable amount with silver ores at Cobalt 
and South Lorrain in Ontario. 

L. J. S. 

CHLORAL, TR1CHLORACETALDE- 
HYOE.CCI, CHO. Chloralwasflrstohtamed 
by Liebig (Annalen, 1832, 1, 189) by chlorination 
of absolute alcohol. Its composition was estab- 
lished by Dumas (Ann. Chim. 1834, [ii], 56, 125) 
and by St&deler (Annalen, 1847, 61, 101). 

Chloral IS manufactun^ by chlorination of 
absolute alcohol Chlonnation is carried out in 
lead or lead lined vessels provided with a reflux 
condenser and a chlonne distnbutor taken to 
the bottom of the vessel, and so arranged that a 
maximum distribution of chlorme passes through 
the alcohol. The vessels, of from 400 to 1,CI00 
gallons capacity, are about two thirds filled 
with alcohol, tl^e such vessels bemg arranged 
in aeries so that any excess chlonne from the hret 
vessel passes into the second and from the 
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ffconcl fo the third in order to ensure complete 
ab'jorption of the gas. The hydrogen chloride 
evolved during the reaction is absorbed in water. 
The initial reaction is vigorous and during the 
first stage the temperature is kept as low as 
possible by efficient cooUng. Chlorine is passed 
in at a rate which results in a liquid of approxi- 
mately 24'=Re. at the end of the first day’s 
run. During the next twenty-four hours the 
temperaturo is raised gradually, heat being 
applied if necessary, to about 50°C., and the 
density of the liquid at the end of this period 
should bo from 35°— lO^Bd. The reaction is 
completed on the third day by increasing the 
temperature to 95° and continuing the chlorina- 
tion until the density reaches 49°B6. A sample 
of the product at this stage distilled with an 
equal volume of concentrated sulphuric acid 
should indicate a yield of about 75% of chloral. 
The crude chloral alcoholato is allowed to cool, 
when it solidifies. It is then gradually mixed 
with an equal volume of sulphuric acid 6G°Be, 
the mixture being kept cool. Tho temperature 
is then gradually raised. Hydrogen chloride is 
evolved, together with some ethyl chloride. 
Between 70° and 90° alcohol is recovered, and 
cnido chloral passes over between 90’ and 93°. 
Tho crude chloral is purified by redistillation 
over calcium carbonate, the portion distilling 
over above 94° being pure chloral. 

Other processes which have been suggested 
include the chlorination of alcohol in tho 
vapour phase (G.P. 133021), the chlorination 
of a mixture of acetaldehyde and alcohol (F.P. 
C12390), and tho chlorination of acetal (Reichert, 
Bailey, and Nicuwland, J. Amcr, Chom. Soc. 
1923, 45. 1552). 

Chloral is a colourless, pungent liquid, b.p. 
97-7°. When pure it is stable, butinthe presence 
of traces of impurities such as sulphuric acid it 
polymerises with production of metachloral, a 
white amorphous solid. Tho same product is 
obtained by the action of aluminium chloride on 
chloral ({5.P. 139392). Jletachloral is in- 

soluble in water, alcohol, ether and acids, but 
soluble in sodium carbonate solution. On 
distillation at 180°-185° it is reconverted into 
chloral (Kolbc, Annalen, 1845, 54, 183). A water 
soluble pol 3 -mcrido is obtained by treating chloral 
with pj'ridino or an amine in the cold and then 
acidifying. Alcohol and water convert it into 
chloral alcoholato and chloral hydrate respec- 
tivel_v. Alkalis decompose it, giving chloroform 
and formic acid. 

CncouAl, Hyduate, CCl3-CH{OH)., is by 
far the most important derivative of chloral. 
It is prepared b^' tho cautious addition of the 
requisite amount of water to chloral, overheating 
of the mixture being avoided. It is purified bj’ 
cry.stallisation from benzene, chloroform or 
light petroleum. To obt.ain tho hj'dratc in tho 
form of cu1m?s or platc.s rather more water is 
added than is thcoretiealfy ncccssarj’, the 
mixture thoroughfy shaken until cold and the 
mass of crs’stals poured on to porcelain dishes 
and dried over sulpl'.uric acid in iracuo. 

Chloral hydrate occurs in colourless crystals 
m.p. 50°-5S°, with a pungent odour and bitter 
f.a.ste. and is readily soluble in water, alcohol, 
chloroform, ether and oils. 


[ Chloral hydrate is very largely employed in 
medicine as a hypnotic and is official in most 
pharmacopccias. It is of special value in simple 
nervous insomnia, delirium tremens, and certain 
forms of insanity. It is also a powerful deo- 
dorising and antiseptic agent. By itself, or in 
concentrated solution, it may' be used ns a 
vesicant. The toxic effects produced by over- 
doses of chloral hydrate are a fall of temperaturo 
and slow and enfeebled respiration. 

CirLORAi. FoBMAinDE, Chloralamide, 
CgHjCjNClj, is prepared by gently heating 
chloral and forraamide in equimolecular pro- 
portions. On cooling the melt sets to a solid 
mass which is rccrystallised from water or 30% 
alcohol. It forms colourless crystals, m.p. 
114°-115°. It is soluble in water (1:20) and 
very soluble in alcohol, ether and acetone. 
It is not decomposed by acids, but when warmed 
with dilute alkalis is decomposed, yielding 
chloroform, ammonia, and formic acid. 

Chloral formamido is a somewhat slower 
aeting hypnotic than chloral hydrate and is 
especially useful in the insomnia of cardiac 
disease, since it has not the depre.«sant action 
of chlora' on tho heart. It is also used in com- 
bination with potassium bromide as a remedy 
forsea sickness. 

GLUCOCin-ORAi, CirLOHALOSE, CgHjiOgClj, 
obtained by heating chlor.il and glucose in equal 
parts on the water bath, forms crystals, m.p. 
185°, is a hypnotic and sedative. An isomeric 
product, paracldoralose, produced at tho same 
time is devoid of hypnotic properties. 

Bdtvl Chloral, Tbichlorrutyric -Alde- 
hyde, CHj-CHCbCCIj’CHO, is prepared by 
passing dry’ chlorine into aldehyde or paralde- 
hyde at about —10° until the aldehyde is 
saturated. The temperaturo Ls then gradually' 
raised to 100°, chlorine being continually' 
passed in until chlorination is complete. The 
resulting liquid is diluted with water and then 
distilled in a current of steam, when the hydrate 
passes over. The hy’drate is recrystalliscd from 
water and on distillation in a stream of hydro- 
gen chloride tho pure chloral is obtained (Pinner, 
Annalen, 1875, 179,26). It is a colourless oil with 
a characteristic odour, b.p. 1C4°-I65°;750 ram. 
sp.gr 1-3050 at 20°/4°; fuming nitric acid 
converts it into trichlorbutyric acid. It readily 
combines with water forming tho hydrate. 

Butyl Chloral Hy'drate, 

CH3CHCI-CCl2-CH(OH),, 

is prepared by mixing butyl chloral with about 
one-ninth its weight of water and recrystallising 
the solid ma.ss so formed from boiling nater. 
It forms white trimelric plates with a pungent 
but not acrid odour and a nauseous, bitter taste. 
It melts at about 78° and resolidifies at about 
71°. It is soluble in about 40 parts of water, 
very readily soluble in alcohol, ether and 
glycerine, less readily in chloroform and olive 
oil. Butyl chloral hydrate resembles chloral 
hydrate in its action, but is a weaker hypnotic 
and has a more pronounced dcpres.sant action on 
the heart. It is chiefly employed in combina- 
tion with camphor, phenazonc or gclscmium as 
an analgesic in cases of neuralgia and migraine. 

A. J. E. 
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CHLORALAMIDE. Syn. for eUoral- 
formamide. CCI, CH(OH) NH CHO (f. 
CnLoa.^ 1 .). 

CHLORAMIN r. Actitct. 

CHLORAMINE-T, sodinm p toloenesnl- 
phonchloroanude, 

CH, C,H 4 -S 0 , NCINa 3H,0. 
first prepared by Chattaway (J.CE. 1905, 87, 
151), IS a \rhite crystalline solid vith a slight 
odour of chlorine and a bitter taste It la 
soluble in about 7 parts of water, and may be 
obtained from p toluenesulphonyl chloride, a 
bj.product m the manufacture of aacchann, or 
directly from toluene by sulphonation and 
conversion to the sulphonyl chloride, which la 
then treated with ammonia to form the sslphoa- 
amide Thu, by the action of bleaching powder 
or sodium hypochlorite, is converted into the 
dichloramine, which, in presence of eieeas of 
caustic soda, yields chloramine*T. 

Chloramine T contains about 25% of * ‘avail- 
able ” chlorine. It was introduce by DaLm 
during the war os a solution for the irrigation of 
wounds to replace the much less stable hypo 
chlorite solution, and is now included in the 
British Pharmacopeia Aqueous solutions of 
the salt are comparatively stable and may be 
kept for some time without appreciable decom 
position 

Technically chloramme-T finds employment 
m many directions m the textile industry as a 
bleaching agent and for the development of 
colour on the fibre, as well as m the mann^eture 
of printing inks and the preparation of soioble 
etareh for finishes, etc It 'is also used in the 
brewing industry for general cleansing and 
sterilising purposes and as a preservative m tbe 
treatment of leather, and m glne and adhesives 
It does not readily attack aluminium, brass, (in 
or enamel, and is therefore available for tbe 
cleansing and disinfection of vessels used in the 
preparation and storage of food products. 

Dicblorsmine-T, p toluenesulphoudichloro- 
amide, CH]-C 4 H 4 -SO|NCI|, was also pre- 
pared by Chattaway {I e ), and is a yeUow 

S atalline powder, m.p. about IS”, having an 
our of chlorine. Unlike chloramine T. it 
liberates bromme Bom sodium bromide solution 
On exposure to air it is graduaUy decomposed 
w ith loss of chlorine. It is sometimes employed 
in solution m oil as an antiseptic. 

A. J. E. 

CHLORANIL. Tetrachloro-p-quinone. 
CHLORAZENE. Syn. for Chloramme-T. 
CHLORAZIDE, N,CI v. AzonuDE. 
CHLORENE. (1) A green hydrocarbon of 
unknown stru'-ture obtain^ as a by-product in 
the preparation of flnorocyclene by heating 
acenaphthene with lead oxide at 350° (Doe- 
wonski and Suknarowski, Ber, 1918, 51, 457). 
Dilute solutions in benzene are pure green in 
colour, more concentrated solutions are purple- 
red : chlorene solutions undergo pbotocbeniical 
oxidation on exposure to light. The absorption 
pp^trun shows three well^efined bands in the 
visible region 

(2) The term " chlorene ” has also been 


applied to a yellow gaseous hydrocarbon, C 4 H 4 
made by passing acetylene through a quartz 
tnbeat75fP. Its reactions are similar to those of 
acetylene, and it u slowly converted at the 
nr rtins iy temperature to a colourless isomer 
(Mignonac and Ditz, Compt. rend. 1931, 199, 
367). 

CHLORETONE. Chlorbutol. Trichloro 
feft-butyl alcohol, Me^CCCIg-OH. Sedative. 

CHLORINE. 

Hittoneal . — Chlorine must have been known, 
according to kfellor (“ Inorganic and Theoretical 
Chemistry,” Vol. 11, p. 20), to many alchemists 
from the thirteenth century onwards. It is, 
however, to Scheele that we owe the first 
adequate description of the preparation m 1774 
of ‘‘ dephlogistigated marine acid air ” obtamed 
dnrmg his researches on the properties of black 
oxide of manganese. 

Lavoisier and BerthoUet, a few years later, 
preferred the name ” oxymunatic acid,” and the 
view that It was a compound persisted until 1809, 
when Gay Luassc and Jhenard suggested it was 
an element. In 1810, Davy adduced evidence 
which was regarded as conclusive that the gas 
was an element, the characteristic colour ofwhich 
led him to suggest the name chlorine. 

The observation of the bleaching properties 
of tbe gas and its solutions in water led Ber- 
tboUet, 1785. to its practical application, and in 
1789 to make tbe still more convenient alkaline 
bleaching solution. The solution of chlorine m 
caustic potash became known as Eaa de Javelle, 
whilst tse solution m can. 'ic soda became Eau de 
Labarraqne Tbe name Eau de Javelle is still 
widely nsed, but nowadays refers to a solution of 
sodium hypochlorite 

Tbe fact that bleachers in Lancashire had 
used a solution of chlonne m irulk of lime pre 
vented TennaDt, 1798. from obtaining a valid 
patent. In 1799, however, Tennant patented 
the use of dry hydrated lime to absorb chlorine 
to make " bleachiug powder,” and thus was bom 
one of the major heavy chemical industries. 
Manofacture of bleaching powder, which was 
first earned out in Glasgow, spread rapidly as the 
alkali manufectuiers realisra its importance, 
particularly as an outlet for their waste hydro- 
chloncacid. 

The production of chlorine and caustic soda 
when an electric current passes through a 
Bolatioii of common salt was observed at the 
beguming of the nineteenth century. Industrial 
development of this process, however, waited 
on the supply of cheap mechanically-prodnced 
electnc energy introduced with the Gramme 
dynamo electnc machine in 1872. Commercial 
development occurred with inereaamg intensity 
from that date. 

Oeeurrence,— Chlonne, apart from volcanic 
gases, never occurs in nature in the free state 
(Shepherd, J. IVashington Acad. Sci. 1920, 10, 
23). In combination with other elements it 

1. Sodium chloride in sea water and in rock 
salt deposits. 

2. Potassium chlonde alone and combined 
with magnesium chlonde or sulphate in salt 
deposits. 

3. The chlondes of calcium, magnesium, 
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lead, copper, iron, manganese, mercniy and 
ailvcr. 

4. irydrochlorio acid in volcanic gnse.s and 
springs. 

r>. Sodinm and potassium chlorides in the 
vegetable and animal kingdom and ns hydro- 
chloric acid in the gastric juice. 

The chief chlorine supplies are derived from 
salt deposits formed by the evaporation of inland 
seas or sections of the sea isolated by change 
in land levels. Solar salt produced by evapora- 
tion of sea water is used to a minor extent ns a 
source of chlorine. 

Sodium chloride in the form of rock salt 
occurs in large deposits in England, Germanj', 
Austria, France, Spain, Russia, Canada and the 
U.S.A. Deposits occur in various geological 
formations : in England, for example, the rock 
salt is found in the Keuper marl, a Triassic 
formation, whilst the deposits in the States of 
Now York and ?ilichignn and in Ontario occur in 
Silurian rocks. 

Potassium chloride is found associated with 
other salts in the Dead Sea, and is one of the 
prodiicts of the solar evaporation practised 
there. The chief sources of potassium chloride 
are the deposits of Stnssfurt, Alsace-Lorraine 
and Spain, where it is found combined with 
other salts, ns, for example, KCl-MgCl2,6H20, 
camallito. 

Laboratory Preparation . — The oldest method 
of preparing chlorine for laboratory purposes 
consists in heating manganese dioxide with 
hydrochloric acid : 

Mn02-l-4HCl=Cl2-l-MnClj-i-2H20 

The most convenient means of obtaining 
chlorine in the laboratoiy is from a cylinder of 
the liquid. The liquid is not, however, quite 
pure, containing small quantities of bromine, 
organic compounds, and dissolved gases, the 
total of such impurities being loss than by 
weight. 

dVhen pure chlorine is required, the method of 
von Graebo may be used. Analytical quality 
hydrochloric acid is allowed to drip on to crystals 
of potassium permanganate covered until water, 
a gentle heat being supplied to give a steady 
evolution of the gas. 

Physical Properties. — At. wt. 35-457 ; atomic 
no. 17 ; isotopes 35, 37. 

Properties of the Gas . — Density at N.T.P. 
3-214 g./litrc. This density is about 1-7% 
greater than required by the gas laws, but very 
close approximation to the ideal densitj’ occurs 
above 300°C. Above 1,137°C. dissociation into 
atomic chlorine occurs to some extent (Rein- 
ganum, Physikal. E. 1905, 6, 1514). 

The mc.sn value of the cocflicient of expansion 
at atinosiihcrio pressure and ordinary tempera- 
ture is 0 003830 (Jaquerod and Tourpaian, 
J. Chim. phys. 1913, 11, 15). 

Heat capacity at 15°C., and 1 atm. Cp= 
0-115 cal./g. The ratio Cp : Cv= 1-355. 

The explosive limits of mixtures of hydrogen 
and chlorine arc 91-9% Cl. and S-1% H„ to 
14-3% Cl, and 85-7% H,, wlien using an induc- 
tion coil spark (P. .Mathicu, ,1. Physique, 1917, 
7, ICG). 


Properties of the Liquid. — ^B.p. — 34-6°C. _ The 
vapour pressure in atmospheres, the densities of 
the liquid and the saturated vapour are (D= 
g./ral.) : 


Temp. 'C. 

r. atm. 

D. liquid. 

D. vapour 

-34-6° 

1-00 

1-561 

— 

-20° 

1-84 

1-524 

— 

-10° 

2-61 

1-496 

— 

0° 

3-65 

1-468 

0-0128 

-fl0° 

4-96 

1-438 

0-0175 

+20° 

6-57 

1-408 

0-0226 

+30° 

8-60 

1-377 

0-0300 

+50° 

14-1 

1-310 

0-0486 

+ 100° 

37-6 

1-109 

0-136 


Critical temperature 144‘’C. Heat capacity 
-85-4°C. to — 76-l°C.=0-229 cals./g. Surface 
tension 27 dynes/cm. at the boiling-point. 
Viscosity 0-494 centipoises at — 35-4°C. 

The expansion coefficient is : 


PC. 

-88° to -33-6° 

33-6° to 0° 

aXlO^ 

1-409 

1-793 

PC. 

0°to30° 30° to 60° 60° to 90° 

aX 103 

2-066 2-55 

3-5 

Latent 

heat of vaporisation 

at -22°C.= 


67-4 g.-cal. at -p8°C.=62-7 g.-cal. 

F.p. — 103°C. with vapour pressure 8-9 mm. 
Latent heat of fusion 1-626 kg.-cal./g. mol. 
Solubility. — At total pressure 760 ram. 
I is the volume of gas dissolved by 1 vol. ot water 
(gas volume reduced to N.T.P.), and g is the 
weight of gas in g. dissolved in 100 g. of water. 

PC. 10 11 12 13 14 

I . 3-148 3-047 2-950 2-856 2-767 

q . 0-9972 0-9654 0-9346 0-9050 0-8768 

PC. 15 16 17 18 19 

I . 2-680 2-597 2-517 2-440 2-368 

q . 0-8495 0-8232 0-7979 0-7738 0-7510 

PC. 20 25 30 40 50 

I . 2-299 2-019 1-799 1-438 1-225 

q . 0-7293 0-6413 0-5723 0-4590 0-3925 

The heat of solution for 1 mol. in 1,000 mols. 
water is 4-96 kg.-cal. Chlorine is more soluble 
in 14% aqueous hydrochloric acid and less 
soluble in salt solutions than in water : 

20°C. wt. % HCl 4-13 6-61 8-74 10-40 13-94 
20'C. u-t. % Clj 0-703 0-722 0-743 0-769 0-823 

(Olivcri-JIandala, Gazzetta, 1920, 50, 94). 

In saturated NaCI solution : 

PC. . . . 14-5° 29-0° 60-0° 

Wt. % Cl. . 0-0966 0-0842 0-0304 

Chlorine is also readily soluble in inorganic 
liquids, such ns SiCl4, SnCI^, SOjClj, and 
CrO.CIj, etc. 

At 0°C. SiCI^ di.ssolves 13% Cl. by weight. 
At 0°C. SO.CI. dissolves 14% Cl. by weight. 
Organic liquids also dissolve chlorine : 


CCl. 

rc. . 

0 

19 

Wt. 

Of PI 
/O 

15-6 

8-48 

CHCI, 

rc. . 

0 

10 

Wt. 

Of PI 
/O ^'2* 

22-0 

200 
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Acetic acid at 15'C. : 

Wt. Acetic acid 99 84 90 0 75 0 650 
Wt%CIj . 10 6 714 4 63 3 81 

ChloTint Ilydrale — On cooling a solution u 
water saturated with chlorine at atmosphenc 
pressure below 9 6'C, jellow cryetala are 
deposited Moist pas on cooling below 9 6®C. 
also deposits the same substance, which ta a 
h> (Irate of chlorine. The hj drate formed nnder 
different conditions ofteiUpcratnre, pressureand 
relatiie concentration of the constitaenta, has 
the composition CI|,6H,0 (Anwac-UUah, 
J.CS 1932. 1176 

The hydrolysis o! chlorine in water was 
studied by Jakowkin (1899). who found etpiih- 
bnum was attamed at 25®C. after 48 hours 
Increase in temperature faiours the hydrolyaia 
and decrea'es the time required to reach 
equilibnum (Z. phy<ikal Chem 1899.29.613). 

Ihe photolj sis of chlorine m w ater (AUmand, 
Cunhffe and Maddison, JCS 1925, 127,822; 
1927, CSS) has been investigated, and an 
explanation given for the mechanism of the 
reactions which produce hjdrachlonc and 
chloric acids together with oxygen 

For more complete ph.’i'sieal data see “ Com- 
prehensive Treatise of 'Inorganic Cheiuistrj," 
Vol II, b\ J W Mellor, “International 
Cntical Tables", Gmelm’s " Handbueh der 
anorgani'cben Chemie Sjstem Ko 6." Landolt 
lloemitein, Tabellen 

CA«Mieai Frop«rfiM -^hlonne is a very 
reactive substance, and even a small percentage 
of the gas in air has a characteristic pungent 
and irritating smell . the danger of breathing 
chlorine is not that it is a true poieon, but that 
It rapidl) attacks the mucous and long mem 
branes, causing congestion 

Chlonnecombineswith most elements witbeon 
S) Jerahlc cv olution of heat and in some cases with 
ignition, when uncontrolled reaction takes place 

Phosphorus ignites spontaneously in the gas, 
forming phosphorus trichloride Finely divided 
ar‘enic, antimon}, copper, tin, lead and iron 
bum in chlorine, forming the respectivecblondes, 
but ni04C of these metals, when m bulk, behave 
quite diffcrenllv The action of chlorine on 
metals is also proloundl) afi'ected by the amount 
of water present, the amount of reaction 
decreasing with decreasing water content The 
indifference of dry chlorine to steel enables 
liquid ehlonne to 6e manufactured and shipped 
in steel vessels 

Chlorineandhydrogenuiay be mixed together la 
thedark without combining, but suchmixtoiesex 
plode V lolently m bnght daj light or w hen heated 

Either alone or m the presence of catalysts, 
chlorine combines vnth many inorganic chemical 
compounds, tg sulphur dioxide, carbon mon- 
ovule, phosphorus trichloride, ferrous chloride, 
ktanneus chloride 

Vi ith olefins, acetvlcnes, and benzene (under 
certain conditions) chlorine combines directly, 
forming additive compounds The uncontrolled 
rcttlion V(ilh acetjl'me is explosive VVith, 
lur)xntine, the reaction is so violent that the 
oil inflames with, ptoditctioti of eaxbon uud 
hydrogen chloride 

With saturated orgonic compounds, chlorine 


forms substitution products and the eliminated 
hydrogen is simultaneously converted into 
hydrogen chlonde. With benzene and other 
aromatic organic compounds, addition or 
substitution products or both are formed 
according to the temperature, and catalyst 
conditions 

LiOCiD CjiLOBrsE. — Liquid chlorine was first 
obtained in 1803, by Northmore. The pure gas 
can bo condensed to a hquid at 15°C. by a 
pressure of about 6 atmospheres, or at atmo- 
aphenc pressure by reducing its temperature to 
— 33*C. (Corine gas from electrolytic cells 
vanes m strength from 90% upwards ; the 
iTnymntna consisV tif air, drawn m by working 
the cells under sLght suction, carbon dioxide, 
and oxygen from hydroxyl, sulphate and chlorate 
ion discharge, and hydrogen from the cathode 
The impute gas obviously requires a higher 
pressure or lower temperature than the pure 
gas /or liquefaction anil some chlorine must be 
earned over by the contaminating gases and 
lost. Moreover, a limit « set to tne extent of 
bquefaction by the hydrogen content of the 
residual gas. which for safe working must not 
reach the explo’ive limit. 

Liquid thlonne was first produced eom- 
mereially by Knietseh for the Uadisehe Amlin 
und Soda Fabnk in 1888 (B P. 13070, 1888). 
'lie liquefaction was accomplished by com- 
pre«ston with condensation at ordinary tempera- 
tures The compressor was of the liquid piston 
type using concentrated sulphuric acid to 
confioe and compress the chlorine gas, the 
sulphuric acid was in turn moved by a liquid 
piston of paraffin oil The adoption of suen a 
complicated apparatus is some measure of the 
difficulties met in attempting to provide com 
meresa) liquid chlorine. Although ateel is 
relatively unaffected by dry chlorine at ordinary 
temperatures, at higher temperatures the rate 
of reaction increases and becomes very appreci- 
able at 130°C. This strictly limits the com- 
pression ratio that can be used, Moreover, 
lubncation is difficult, since alt the usual lubri 
rants are attacked by chlorine Sulphuric acid 
appears to be the fav ourite choice as a lubricant. 

At present liquid chlorine is produced by 
(i) compression with condensation at ordinary 
temperatures, (ii) refrigeration alone, or (in) a 
combination of compression and refrigeration 

Tra«*port —The transport of liquid chlorine is 
governed by the rules and regulations of railw ay 
companies and of authorities such as the Board 
of Trade for shipments by sea. 

Regulations la the United States (and by 
voluntary concurrence in Canada) are issued by 
the Interstate Commerce Commission to which 
the Cblonne Institute (an association of pro- 
ducers) acts in an advisory capacity. 

In Great Bntain advisory bodies appointed 
by the Home Office hav e published iw o relev ant 
reports — the Fourth Report of the Gas Cy hnilers 
Research Committee (Cybnders for Liquefiable 
Gases), 1929, H.3ISO, and the VVeldtd 
Containers Report, 1931, H.M SO A summary 
of the various national regulatitins and of 
Hvavtfa. pvaxtvse wv " Ttve HawHw-s and Use of 
Liquid Chlorine” has been given by F. Holt 
(JSCI. 1936.55, 245-233. 269-272). 



CHLORINE. 39 


Liquid clilorinc ia supplied in three different 
typc.a of container: 

(а) Cylinders varying in capacity to 150 lb. 

England. U.S.A. Germany. 

(б) Drums, 

capacity 1,900 lb. 2,0001b. 1,000 kilos. 

(c) Tank 
wagons, 

capacity 14 tons 16 and 30 14 tonnes 
short tons 

In charging liquefied gas containers special 
precautions must be taken to ensure that 
ample “ free space ” ia left so that the container 
cannot become completely filled with liquid with 
consequent risk of extremely high hydraulic 
pressure. The British filling ratios of 1-25 and 
1-I9 lb. of chlorine per lb. of water capacity 
for temperate and tropical conditions respectively 
are based on 6% free space at 45°C. and 65°C. 
These ratios are for solid drawn cylinders; 
for welded containers the British filling ratios 
are 1-24 and DIG based on 0% free space at 50°C. 
and 76°C. respectively. 

Containers should be stored in a cool, dry place, 
preferabl 3 f fireproof. Caro should be taken in 
the handling of containers ; the strength of the 
containers should not bo abused by exposing 
them to falls. If a container is allowed to 
remain coupled to an absorption plant after all 
the liquid chlorine has evaporated, the residual 
chlorine in the pipe-line and container will 
dissolve, causing the liquid in the absorption 
vessel to bo drawn back into the container. 
This might have serious results, owing to the 1 
decomposition of some of the liquids under 
certain conditions wiusing a burst. 

Application /!, — ^The largest consumption of 
liquid chlorine takes place in the paper industry, 
where it is used both for the preparation and 
bleaching of pulp. 

In the textile industry it is used in the bleach- 
ing of cotton and viscose and in the production 
of unshrinkable woollen goods. When used for 
bleaching it may bo absorbed in caustic alkali 
to make the corresponding hj'pochlorite, or it 
maj' be absorbed in sodium carbonate solution 
to make hj’pochlorous acid : 

NajCOj-bCL-i-H.O 

*=H 0 Cl+NaHC 03 -i-NaCI 

This acts approximatclj' twice as cnergeticallj' 
as the corrc.sponding amount of neutral hypo- 
chlorite. 

It is used in the manufacture of chlorinated 
organic products, such ns carbon tetrachloride, 
trichlorcthylcne, chloroform, monochloracetic 
acid, and derived products like eth 3 'lcne gl 3 'col 
and ethylene oxide ; for the chlorination of 
methane to molh 3 'l chloride and mcth 3 deno 
chloride, and for the chlorination of benzene, 
toluene, naphthalene and diphcn 3 -l. 

Chlorine is used for the preparation of the 
chlorides of aluminium, boron, titanium, 
sulphur, nntimon 3 ’, 1™'' And tin, and for de- 
gassing molten aluminium prior to casting, 
formerly considerable quantities of tin were 
rccoNcrcd as tin tetrachloride in the Goldschmidt 


process for detinning of scrap. The process is 
still in use, but is of less importance for tin 
recovery as the percentage of tin on tin scrap 
has steadily fallen from 2% to less than 1%. 
The residual iron is recovered b 3 ' smelting. 

Phosgene is made b 3 ^ the combination of 
carbon monoxide and chlorine, and sulphuryl 
chloride b 3 ' combination of sulphur dioxide and 
chlorine. 

Many of the above uses of chlorine have been 
developed because of the necessity of finding new 
outlets for the enormous quantities of chlorine 
produced in recent years by the electrol 3 dic 
processes for preparing eaustic potash and 
caustic soda. 

Certain organic chlorine compoxinds having 
lachrymatory, sternutatory, and other toxic, 
properties were used in the Great War (J.S.C.I. 
1918, 37, 127 R, and Tone, Chem. Met. Eng. 
1918, 19, 357) (v. CHEsncAi. Warfare). 

Treatment of Water. — The complete sterili- 
sation of potable water and complete or partial 
sterilisation of industrial waters such as con- 
denser water for power stations, water for 
swimming baths, trade effluents from works 
(discharging fermentable matter) and sewage, 
has become a most important matter for the 
general well-being of the community. 

The importance of sterile water for domestic 
purposes has long been realised, and the 
incidence of water-borne disease may be said to 
be completely within control since the adoption 
in one form or other of the application of 
chlorine in small regulated quantity. 

Chlorine treatment is also applied to sterilise 
water for swimming baths, to condenser water in 
order to prevent the growth of low forms of life 
in gelatinous form which prevents efficient 
tr.ansfcr of heat, and to sewage and fermentable 
trade wastes in order to prevent undesirable 
anaerobic fermentation and to assist in the 
control of aerobic fermentation. 

There are three general methods in use, all of 
which involve the use of instruments to provide 
measured quantities of chlorine. These methods 
are (1) chlorine treatment, (2) chloramine treat- 
ment, (3) h 3 ’pochlorous acid treatment. 

In water or sewage, etc., to which chlorine, 
chloramine, or hypochlorous acid has been 
added, the chlorine will occur in various forms, 
such ns free chlorine atoms and molecules in 
solution, ns OCT ions and as HOCl molecules, 
ns well as in the form of various compounds with 
organic matter, etc., such ns chloramines, and 
possibly also loose addition compounds. Most 
of these are known to have powerful germicidal 
properties, and the following suggestions have 
been put forward in explanation : 

_ (1) That sterilisation is due to direct chlorina- 
tion of the cell protein. 

(2) That sterilisation is duo to oxidation of the 
cell material, the oxygen being formed b 3 ' the 
action of the chlorine .and/or chlorine compounds 
on water. 

There is a certain amount of evidence in 
support of each of these h 3 ’pothcsca, and it 
seems quite possible that at times both ma 3 ' bo 
important factors. 

That chlorine does act as a chlorinating agent 
is known b 3 ’ the fact that the objectionable 
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taste of certain waters containing oiganlc mattCT 
may be surmounted by over-chlorination 
followed by dechlorination with sulphites, etc., 
or by the chloramine process. 

^'ater when treated with ammonia prior to ita 
treatment with chlorine is fonnd to hare the 
advantage that objectionable tastes do not 
develop, whilst the sterilisation is just as good as 
with chlorine only. It is claimed for ths 
process that the water is delivered eterile to the 
consumer owing to the greater atability of 
chloramine in solution. 

The chlonne and chloramine treatments are 
used largely in Bntam and U S.A , whereas : 
the hypochlorons acid treatment « of growmg , 
importance in Germany, where it hu been ; 
snceesafully used for many years. It is claimed : 
for the hypochlorous acid process that it has . 
been particularly euccessful in many cases | 
where neither chlonne nor chloramine treatments , 
were entirely effective and that in other cases j 
It has given equally good results I 

The hypochlorous acid for this treatment is 
produced m stoneware towers, where a measured 
quantity of chlonne is pass^ counter or co- 1 
current to (1) a measur^ quantity of eo^nm 
carbonate solution (G P 30CI93. 1916, Deutsche 
Bolray TV>/ie A 0>, {3) watef pasf2Dg eter 
marble (CP 632713, 1932, BP 412105, 1933, 
Ornatein ) ; (3) water passioz over moulded 
magneaia (G.P a 72332, 1936. Deutsche Solvay- 
Werke AG) Stt cUo " The ExammatioD of 
Waters and Water Supplies," by J C ^Te«h, 
iT, F. Beale, and E > Suckling, published by 
J, and A. Churchill, Loudon. 

Production of Chlorine. 

/n/rtiJuriiefl — All manufacturing processes 
I for chlonne mvolve the balancing of demandis for 
chlonne and at least one other product. 

With processea starting from bydrocUonc 
acid, the other pnmary product « aaltcake, 
(Na,S 04 ), which was an intermediate m the 
production of sodium sulphide, soda ash, and 
caustic soda by the Leblanc process 
For many years the production of chlonne 
from by-product hydrochlonc acid enabled the 
Leblanc process to compete with the ammonia- 
soda process, but the introduction of direct 
electrolytic preparatiou of caustic soda and 
chlonne gave the aame end products and 
eventually displaced the T-eblanc process by 
reason of lower costs. 

Jn recent times special conditions have been , 
examined and two interesting proposals have 
been made 

(1) The first deals with the situation where 
there is a large local demand for sodium snlpbate 
or sodium aulphide with no outlet for hydro- 
chloric acid In this case electrolysis of hydro- 
chlonc and to give hydrogen and chlonne has 
been proposed. 

Uestvaco Chlonne Products Inc. and F. S. 
Low have desenbed (B P. 348792) a diaphragm 
for the electrolysis of hydrochlonc acid 
Copper IS preferred as a lathode, but nickel or 
monel metal may be used. ITie cathode U 
sunoiinded by a diaphragm of acid resistant I 
asbestos cloth The anode is graphite. | 


The hydrochloric acid solution enters the 
cathode compartment, passes through the 
diaphragm, and leaves the cell by’ way of 
the anode compartment. The weak acid is 
deehlormstcd by air blowing and is then 
resatoraled, heated, and recirculated. 

The inlet and exit acid strengths are 20% 
and 10% respectii ely. Preferred temperatures 
are 45*-100'C., and voltages as low ns 2 1 sre 
claimed It is stated that the chlonne is of 
99 9%punty and that carbon dioxide and oxygen 
are aberat 

(2) The second proposal arises from the fact 
(hat caustic soda produced by electrolysis must 
displace caustic soda otherwise produced by 
caustieisuig soda ash. The demand for chlorine 
has result^ in Amenca in a large over produc- 
tion of caustic soda and elTorts have been 
directed to working out economical alternative 
processes for the pr^uction of chlonne. Coupled 
with the above situation the market price of 
sodium nitrate has fallen so low that it is very 
|inu<^ )ess profitable than formerly to manu- 
' faeture sodium mtrate from soda ash and 
synthetic mtnc acid. 

It has therefore been suggested that sodium 
nitrate and chlonne might be more profitably 
atanafactared by the action of mtnc acid on 
sodium chlonde K. W. de Jahn (Cbem. 3Iet. 
Eng 1935, 42. 537} 

In addition to the primary reactions, 

NaCI-t-HNO.^NaNO.+ HCI, 
3HCI-fHNOt-Clt-l-NOCI-|-2HtO, 

the NOCI reacts with water and air regenerating 
HNO, and HC), the regenerated HCI reacts 
agam with the HNO,, ao that the net result u 
the oxidation of the HCI by the oxygen m the 
air With recovery of the HNOj 

It IS interesting to note that the similar 
Dunlop process was employed at St. RoIIoz 
Works. Glasgow, about 1850. Here the nitrosyl 
chlonde was decomposed by sulphunc acid, the 
consumption of which was, however, so Urge 
that the process was abandoned. 

It IS evident that the discovery of suitable 
resistant materials of construction will play an 
important part ui the working of this process. 

HiSTOBican. 

! TAe Older Proeessu : Oxidabon.— Chlorine 
was first produced on a reasonably large scale 
for JavelJe water and for bhaebing powder by 
oxidation of hydrochlonc acid made by treating 
ealt with sulphunc acid, by naturally occurring 
manganese dioxide — pyrolusite : 

2NaCI-{-2H.SO.-fMnO, 

NajS04+MnS04-)-CI,-|-2H,0 

The development of the Le Blanc process for 
alkali gave nse to large volumes of hydro- 
gen chlonde, which were at first discharged 
no a chimney stack to atmosphere. The patent 
of Gossage (1836) showed how the nuisance so 
created could be abated by’ w ashing out the acid 
gaa in a colie packed tow er in a counter current 
stream of water. The hydrochlonc acid so 
obtained was immediately applied to the 
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production of chlorine by reaction ■srifh man- j 
ganese dioxide : 

4HCI-fMnOj-> MnCIj-fClj-hSHjO 

The by-product hydrochloric acid, of little 
value othcnriso, gave a much cheaper chlorine 
than the previous process. Nevertheless, the 
imported manganese ore was expensive and the 
process was wasteful of this raw material. 
Weldon (1866) developed a successful recovery 
process which conseiwed manganese with great 
economy. The liquor from the chlorine stills, 
containing manganese chloride, excess acid, iron 
chloride and other impurities, was carefully 
ncutraUsed with ground limestone, and pre- 
cipitated hydro.xide of iron was allowed to 
settle out. The clear liquor was treated with 
about a 20% to 30% excess of milk of lime to 
precipitate the manganese as hydroxide. Steam 
heating was applied and the manganous 
hydroxide was oxidised by air blowing, the final 
product being a calcium manganite, 

CaO-SMnO,. 

The precipitate known as “ Weldon mud ” was 
recovered and returned to the chlorine stills. 

The IVeldon process, though more economical 
of manganese, still only showed about a 30% 
conversion of hydrogen chloride to chlorine, 
the remainder being lost as calcium chloride. 

Deacon (1868) evolved a successful method of 
air oxidation of hydrochloric acid using copper 
chloride as a catalyst. Although this process 
gave a much better yield on the hydrocliloric 
acid and prior condensation of hydrochloric 
acid was avoided, there were many difficulties, 
chief of which was the poisoning of the catalyst 
by arsenic and sulphur compounds. The 
product of the reaction after removal of excess 
hydrochloric acid and steam by condensation 
was chlorine diluted with nitrogen from the aiy. 

The process of Hasenclever (1883) for obtain- 
ing reasonably pure hydrogen chloride by' 
dehydrating the aqueous acid with oil of vitriol 
which could subsequently bo reconcentrated was 
of benefit to the Deacon process, and rapid 
headway was made. 

Tlie Deacon process depends essentially on the 
equilibrium 

4HCl-i-0;^2Clj-{-2H,0, 

although it is presumed that the catalyst func- 
tions by decomposition of cupric chloride to 
chlorine and cuprous chloride, cuprous chloride 
is o.xidised to copper oxychloride, and this in 
turn is converted by HCl into cupric chloride, 
the cycle Ix-ing repeated. 

2. The Jfodem Processes: Elcelrolyeit . — ^The 
patent of Watt (B.P. 13755, 1851) covered a 
very' wide range of electrolytic processes, includ- 
ing the electrolysis of brine to give chlorine and 
caustic soda. Cooke (B.P, 13620, 1851) described 
a cell for carrying out the mctliod, and Stanley 
(B.P. Sll, 1853) also described a process. 

The high cost of electric energy at that time, 
however, ruled out these ns industrial enter- 
prises. 

The difficulties experienced in the electrolytic 
decomposition of alkali chlorides on a manu- 


facturing scale have been first the cost of the 
electric current, which was absolutely prohibitive 
until the dynamo-electrical machine had been so 
far developed as to be a commercial reality, 
viz. in 1872 by Gramme. When it became 
possible to conduct electrolytic experiments on 
the large scale over long periods of time, it was 
soon found that there were many and serious 
difficulties, as the corrosion of the anodes, the 
evolution of gas from the cathode, the rapid 
disintegration of the diaphragms, which were 
either excessively porous or not sufficiently 
porous. There were also excessive resistances, 
voltages, and the generation of heat, and there 
were secondary reactions, so that neither the 
chlorine nor the alkali metal product was 
obtained in the expected purity or quantity. 

The various electrical processes suggested or 
tried for the decomposition of alkali chlorides 
are all attempts to overcome economically these 
difficulties. Workers in this field, such as 
Fitzgerald and Motley (1872), Wastchuk and 
Glausho^ (1879], and others continued to patent 
processes. 

An industrial electrolytic alkali-chlorine 
process may be said to date from the work 
of Matthes and Weber (D.R.P. 34888, 1885), 
who discovered a satisfactory diaphragm by 
means of which separation of anolyte and catho- 
lyte could be achieved. The diaphragm was 
made from Portland cement and salt, the latter 
after removal in solution giving the desired 
porosity. This achievement was developed by 
Chcmische Fabrik Griesheim, later Griesheim- 
Elektron, and the first large-scale plant taking 
400 H.P. was operated in 1890. 

About 1890 numerous different types of cell 
were patented, of which that of Le Sueur 
(B.P. 5983, 1891), which was operated in the 
Eastern States of America, should be noted as 
the first horizontal diaphragm cell. Car- 
michael’s cell (U.S.P. 518710 and 637851) 
was also developed in the same area. 

These cells, like that of Griesheim-Elektron, 
were discontinuously operated diaphragm cells 
with submerged cathode. The cathode chamber 
was filled at the beginning of each cycle with 
water or dilute caustic soda which gradually 
increased in strength. Diffusion of sodium 
chloride from the anode chamber which 
nec^arily took place and contamination with 
sodium lij-pochlorite and chlorate necessitated 
after a time cessation of electrolysis, removal of 
the catholyte and recommencement of the 
process after addition of fresh liquor. 

The Hargreaves-Bird cell (B.P. 18871, 1892, 
and others) introduced a new principle in the 
non-submerged cathode. The cathode in this 
case, made of perforated steel sheet or iron wire 
mesh, was in close contact with the diaphragm, 
and the cathode liquor trickled do-wn the cathode 
and the diaphragm wall to a sump. 

To reduce the tendency for hydroxyl ion to 
diffuse back to the anolyte, carbon dioxide was 
admitted to the c.athodc chamber and sodium 
carbonate was produced. Steam was also 
admitted with the carbon dioxide to assist in 
heating the cell. This process was operated 
until 1928 by Electro-Bleach and By-Products, 
Ltd., at Middlewich, Cheshire, and small units 
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■were erected at cellulose factories in Austria 
and U.S.A. This typo of cell, omitting the use 
of carbon dioxide, is the forerunner of three 
cells, viz. : Allen-SIoore, Gibbs and Nelson, 
which, irith numerous slight variants, represent 
the most frequently employed diaphragm cells at 
the present time. 

The development of a horizontal diaphragm 
in the well-known Siemens-Billitcr cell took 
place in 1007 about the same time as the more 
modern vertical diaphragm cells were evolved. 

An attempt to dispense with diaphragms com- 
pletely gave rise to the boll-jar or specific 
gravity cell, which was investigated by Richard- 
son and Holland at St. Helens in the ’nineties 
(B.P. 2297, 1890). The only industrially 

successful cell of this type was that of Verein 
fur Cliemische und Jletallurgische Produktion 
(D.R.P. 141187, 1900) instaUed at Aussig 
(Czechoslovakia). 

The mercury ccU was devised almost simul- 
taneously by Castner (B.P. 1G046, 1892) and 
A'effncr (D.R.P. TOOOT, iB92], and others. 
This process, which was working industrially in 
1895, has been developed from that date chiefly 
by the Castner-Kcllner Alkali Co., Ltd., in 
England, the Castner Electrolytic Co, (later 
Mathic-son Alkali Works) in U.S.A., and by Sol- 
vay & Co. in Europe. 

In more recent times attention has been 
directed to the electrolysis of fused sodium 
chloride to give sodium and chlorine, see 
Dannccl and Stookem (Z, Elektrochem. 1903, 
11, 209) i Danneel, til'd. 192430 ; Gcsellschaft fur 
Cliemische Industrie in Basle (The Ciba Cell) ; 
(G.P. 2.30804, 1909; B.P. 18300, 1910; 17047, 
1911) ; RoeaslerandHasslachcr Co. (The Downs 
Cell), (B.P. 238950, 1924). j 

Tlio Ciba cell is worked at Monthoy, and the 
Downs cell is worked by the Roessler and 
Hasslacher Chemical Co. in America, and by 
Deutsche Gold- und Silber-Scheideanstalt, in 
Germany. 

Further reference should bo made to “ Mono- 
graphicn iibcr angewandte Elektrochemie,” 
W. Knapp, Halle 1933 (vols. 23, 41, 33); 
Cliem. Trade Journal, 1924, Elliott, “ Electro- 
lytic Caustic Soda”; J.S.C.I. 1924, 43, 1224, 
12.50, 1291, Hale, “ Ulodern Electrolj-tic 

Cells ” ; Chemical Markets, 30, 147, " U.S.A. 
Cblorino .Supplie.s ” ; JIantell, Performance and 
Clmractcristir.s of Electrolytic Cells, (Chem. 
Met. Eng. 1931, 38, 88). 

The cllcctivc development of aqueous electro- 
lytic chlorine proces-.os thus occurred between 
1890 arid 1900, and from the be ginning of the 
century this vas an established industry, 
rapidly expanding at the expense of the Lc 
Blanc process which died out by 1920. The 
industry is still growing owing to the increasing 
demands for chlorine products and the discovery 
of new ti'c.s. 

The number of types of cell in operation is 
quite large, ns Mill bo seen in the diagram on 
p. •i2,Mhich, although not complete, includes the 
important cells in the different clnssifientions to 
Mlmh they belong, ns mcU ns some that have 
ccA'-cd to be u.scd. The cells Mill be described 
uiulrr the broad classifications of diaphragm and 
mercury cells. 


Production of Chlorine by Oxidation of 
Hydrochloric Acid, 

(a) JfAjcGAXESE Dioxide. — Technical. There 
is divergence of opinion as to the course of the 
reaction between manganese dioxide and 
hydrochloric acid. 

The first reaction is either 

IVIn02-i-4HCl = MnCl4-l-2H20, 
or more probably, 

2Mn0j,-f8HCI = Mn2Cle-f4H20-fCl2 

(cf. W. W. Fischer, Chem. News, 1878, 37, 250 ; 
U. S. Pickering, ibid. 1879, 39, 225 ; Bcrthelot, 
Compt. rend. 1880, 91, 251), 

The chlorides MnCI^ and Mn 2 Cl 5 form 
dark brown solutions which quickly decompose 
even at ordinary temperatures, and the ultimate 
result is 

Mn02-f4HCI=MnCl2-i-2H2O-i-Cl2: 

but this reaction is only completed at 100°C., 
and with a certain excess of HCI — ^in practice 
at least 10% and more if Iom- strength acid 
and hard manganese ore are used — even to twice 
the theoretical requirement. 

The manganese chloride bquor from the stills 
also contains free acid, the chlorides of other 
metals present in the ore, and a little chlorine. 

Black’s analysis of still liquor in a well- 
conducted works showed how incompletely the 
acid is utilised. 

MnCL . . . 10-0 
HCI .... GO 
AljCI, ... 0-6 

FejCl,) . . . 0-5 

Clj not determined. 

HjO (by diff.) . . 81-7 

100-0 

On the assumption that all the manganese 
in the ore was in the form of MnO-, and that no 
hydrochloric acid gas M-as carried away by the 
chlorine, it follows that out of every 100 parts 
of H C I added 33-0 parts had been left untouched. 

The original source of manganese was 
invariably py-rolusite, which occurs in quantity 
in Germany', Bohemia, Transylvania, Russia, 
India, Australia, .Japan, U.S.A., and scantily in 
North Wales. 

A good pyrolusite should contain most of the 
manganese as dioxide, since the loner oxides 
arc less useful. 

Russian pyrolusite varies betu’cen 75% and 
85% MnO„, and averages 80% MnOj, 1% 
Mn0.3%H„0. 

Impurities such as BaS 04 Si02 are 
objectionable as they' coat particles of the ore 
and prevent reaction with the acid. Carbonates 
Mastc acid and add carbon dioxide to the 
chlorine, rendering the chlorine less suitable for 
making bleach. Soft pyrolusite is more easily 
attacked by the acid than hard pyrolusite, and 
is therefore preferred. 

Chlorine Generation. — For a small production 
of chlorine, the generating \ essel or still may be 
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made of stoneware. FiS- ^ sliows one of the 
best forms of stoneware still intended to be 
Leatcd by a water or steam bath. 

The manganese ore U placed in n perforated 
cylinder, capacity about 1 ewt., and this is put 
in and taken out of the stiU with special tongs 
through the large opening. The small pipes 
serve as acid inlet and gas outlet respectively 
The still liquor at the end of the operation is 
siphoned out or run off through a discharge pipe 
passing through the steam jacket These small 
stills permit of careful and economical uoriung 



Fro. 1. Fto- 2. 


so far as materials are coneemed, since the acid 
is not diluted by condensed steam 

Fig. 2 shows a U shaped pipe of lead or 
earthenware which permits of scaling a still of 
& battery from the chlorine main by means of a 
water seal— a moat practical device. 

For generating large quantities of cblonne the 
stills are made of highly eilicious sandstone or : 
other stone not acted upon by acids, impervious I 
to them and not Lable to crack by rapid changes I 



Fio. 3, 


(а) FaUc bottom. 

( б ) Hydrochloric acid inlet sealed m a bonl. 
(e) I^ad stcim pipe connected to 

(d) Stoneware steam column perforated above 
the bottom slab 
{ 3 ) Chlorine outlet. 

Charging opening not shown 

of temperature Such stone, found atSonthow- 
ram, is known as “ Yorkshire flag ’’ A small, 
old.fasbioned stone still is shown in Fig. 3, 
which represents it cut through the middle. 


These stills measured inside 7 ft. by 5 ft. by 3 ft. 
and upwards. 

The small stills u ere « orked by first adding the 
acid, then inserting the perforated ore container 
ready charged and rapidly making the joints 
as the reaction begins forthwith. \Mien it 
slackens heat is gradually applied until tbo aad 
IS evhausted. The stiU cools down overnight, 
the perforated container is removed and washed, 
and after removal of the still liquor the cycle is 
recommenced 

The large stone stills arc charged with 6 to 
10 cwta of ore broken into pieces, the manhole 
closed and acid run in at first quickly and then 
,gcad'aa!U.y ce.'iwal b/avna. Ttui teat of 

reaction assists the evolution of cblonne, and 
when this slows down steam is injected 
cautiously, the temperature rising to {K>°C. 
In the early days of the process the waste 
bquor evolving chlorine caused considerable 
nuisance and it became necessary to run it into 
closed vessels to which chalk or limestone dust 
was added, and this was subsequently the first 
stage of the Weldon process. 

The chlorine evolved is always contaminated 
with HCl gas and water vapour, and these are 
removed by air or water coohng of a long string 
of earthenware or lead pipes in which the 
condensation of aqueous hydrochloric acid takes 
place and is drained away by trapped escape 
pipes. 

Rtewtry of Mangantat and Method of Vlthta- 
lion — ^The foundations of this process were laid 
in 1637 by Gossage, who precipitated the man- 
ganese with lime, ran off the supernatant Lquor, 
and antated the precipitate with oir: oxidation 
I was, however, very slow, and woa never even 
I half complete In 1666 Walter Weldon made 
! bis first attempts and by 1809 his new process 
was m commercial use at the works of Itlessrs. 
Gamble it Co , St. Helens, and by 1871-73 
had been so improved as to bo adopted by all 
British and Contmental alkali works 

The Apparatus employed baa received few 
modifications, but the conduct of the proces'i 
which in the critical part is complicated and 
still not thoroughly explained baa been rooie 
modified. In the following the plant. Fig. 4, 
and process are described 

The process is coraracnecd in the etono still E. 
The only changes demanded by the Weldon 
process are (1) that the acid employed should 
be as free as possible from sulphuric acid, 
since CaS 04 , 2 H| 0 , subsequently formed, 
entaiU extra expense in filter pressing ; (2) that 
the run off pipe for the still liquor should lead 
into a mud still D, which is shown in section in 
Fig 4 

The neutralising wells G, G are sunk in the 
ground on a bed of puddled clay, and after 
being built arc surrounded by puddled day to 
prevent possibility of leakage; they are 
built of large stone slabs of acid-proof Yorkshire 
flag On the top of the wells two large timber 
beams are seen supporting the wocKlen gate 
agitators. The liquor, while continuously 
agitated, n slowly treat^ with crushed chalk or 
powdered limestone, which is preferably very 
finely ground. The free HCl is first acted upon, 
yielding calcium chloride, which u an essential 








CHLORINE. 


componfnt for the remaining processes, and 
carbonic acid ga«, which m escaping carries 
^Traj* the small quantity of dissolved chlorine 
gaa i thesetwoobjectionablegasesarepreicnted 
from escaping freely into the air by coienng 
the wells with strong planhs well tareed and by 
leading the gases to the suction of the nearest 
chimney by an earthenware pipe. When the 
free acid has been neutralised yielding calcium 
chloride and Fe and A1 ehlondea are converted 
into the respective hydrovides, these last 
carry down as arsemtes any arsemons acid 
onginally present in the hydrochloric acid. 
Any anlphuric acid present in the hydrochloric 
acid 13 converted into CaS0(,2H}O. Com- 
plete neutralisation is necessary to remove the 
impurities and to prevent corrosion of the settling 
Unks A, A into which the bquor is next pumped, 
but the excess of CaCO, employed should be 
the smallest possible to reduce the cost of the 
subsequent operations 

A 8wi\el pipe IS lowered from above into the 
liquid, as sbown m Fig 4, in the left-hand well, 
and the turbid bquor is then piped to the gun- 
metal pump shown in the figure m front of the 
third tank D from the left. The figure shows 
the debvery pipe rising to the top of the plant, 
then running honzontally and discharging 
through control cocks mto one or other of the 
four cnlonde of manganese settlers A, A, A, A. 
As soon as the well G is emptied and the pump 
stopped, a small vaWe is opened at the base of 
the pump debvery pipe, the pipes drained 
back into the well, and the swivel pipe is with 
drawn, to prevent corrosion The wtU is then 
ready to rece’vo its next charge 

The chloride of manganese settlers are made of 

in thick boiler plates The processes already 
escribed must be repeated until at least one I 
settling tank A u quite full After making the I 
last addition the bquid should settle quite clear I 
withm a few hours, otherwise the charge in I 
the next operation is apt to froth over, and also 
the recovered manganese will consume an undue 
amount of acid. 

After the volume of the bquor in the settler A 
has been estimated and a sample taken for 
anal> su, the clear bquor may be drawn off from 
tho settler by lowering a swivel pipe just under 
the eurfaeo of the bquor, which can be eeen to be, 
quite clear. The bottom end of the swivel 
pipe is attached to the side of the tank about a 
foot above the bottom of the tank so as to leave 
plenty of room for the mud to collect and to be 
stored pending its removal. Outside the tauk 
the flow of the clear bquor is controlled by a cork, 
and cocks control its entrance into the oxidising i 
tower B. 

The oxidismg towers B are made of | in. 
thick boiler plates, and they may be 6 ft. 
diameter and 28 ft. high, the bottom is flat, 
and the top w quite open. The pipe bnngnig the 
manganese chlonde bquor enters the tower 
about 6 ft. from the top of the tower and the 
top of the swivel pipe may be set to give exactly 
the desired amount of bquor. ^tlien the bquor 
ceases to run the cocks are dosed, and the 
residual bquor m the settler is reserved for the 
finishing of the charge. 

The manganese chlonde bquor should be 


analysed for MnClj by diluting a measured 
sample with boQing water, adding nnc oxide 
ontil the mixture is white as milk, and, lastly, 
adding standard potassium permanganate with 
occasional boilings, until the supernatant clear 
bquor shows a pink flush ; the reaction yields a 
manganite exactly like the Weldon process 
under consideration : 

ZnO-l-MnO-}-0=ZnO MnO,; 
and the necessary oxygen is obtained from the 
permanganate similarly : 

32nO-)-2KMnO^ 

=K,O-ZnO-}-2(Zn0-MnO,)-(-30 

Tho temperature of the manganese bquor in 
the tower will be above atmospheric tempera, 
tnre. and m subsequent operations will be still 
higher, but experience has shown that if it is 
below 55°C. it should be heated to this point 
by blowing m steam. The steam pipe is not 
shown in the figure, and because of the shaking 
of the tower il must pass over the top of the 
tower, and terminate at the bottom of the 
tower m several branches containing perfora- 

The manganese chloride bquor during the 
above heating may be agitated, and for the sub- 
eequent operation must be well agitated. This 
agitation is effected by a blast of air. M'hen 
used for agitating purposes alone the blast of 
air required is not great, but tbe blast can be 
regulated as desired, and can be increased >ery 
considerably. 

Milk of bme is prepared m tbe upper of the two 
tanks J, J shown m Fig. 4. Each of these 
tanka is provided with an agitator- The upper 
tank only contains a bme cage, tbe bottom of 
which is indicated by a honzontal Ime above the 
thud agitator blade. This tank is filled with 
water, while steam is also blown m, until the hot 
water stands well above the level of the bottom 
of the cage. Quicklime is selected eo as to 
contam leas than 1% of magnesia ; it should be 
well burnt, but not over burnt. The magnesia 
18 very objectionable, because it accumulates 
dunng the repetition of the following processes, 
and m the generation of the chlonne it neutralises 
acid to no purpose. The selected quicklime in 
the form of large lamps ia put mto tho cage, 
it soon slakes, generating thereby much heat, 
and this addition la continued until the milk 
registers 50® on Twaddell’a hydrometer, the 
test jar being gently rotated the while; the 
milk then contams 20 lb. CaO per cu. ft , and 
IS as strong as can be conveniently prepared 
The milk is then run from a valve at the bottom 
of the tank on to a wire sieve (not shown in the 
figure}, and thence into the bottom tank J, 
which IS used as a combined store and measuring 
tank. 

The next operation is tbe addition of milk of 
luno to tho hot agitated manganese calcium 
chlonde bquor m B It is possible to calculate 
the amount of milk of lime required to (1) 
theoretically precipitate all the MnCIt, and 
(2) increase the total amount to I’C times the 
theoretical. l,ong experience with the process 
and due appreciation of opposing eoostdeeations 
have shown that this figure gives the best 
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rcsnJts for ensuring the rapidity and complete- 
ness of the oxidation, tho economy of lime and 
of hydrochloric acid, the settling quality of the 
recovered manganese, and the avoidance of 
“ stiff batches.” 

The milk of lime is pumped into the tower B 
by tho pipes shou-n. During this operation the 
utmost vigilance is required in testing, samples 
being drawn, filtered, and tested as rapidly as 
possible. Tho first test is simply that for 
alkalinity vdth red litmus paper. A second 
test is made by adding to tho filtered sample a 
strong solution of bleaching powder, which 
produces a brown precipitate or colour if any 
manganese is still present, in which case either 
more milk of lime must bo added or a little more 
time given for that already added to react. 
When just sufficient lime has been added to 
remove all tho manganese from tho solution the 
addition is stopped. 

Tho amount of lime so far added is always 
found to exceed that expressed by the simple 
equation 

MnClj-l-Ca(OH)2=Mn(OH)2-l-CaClj. 

because of the solubility of Ca(OH)2 in CaCfj 
solution and because milk of lime alwa3’8 con- 
tains particles that react very slowly. The 
excess lime may vary from 0-10 to 0'45 (the 
theoretical lime given above being 1-00). 

Tho amount of calcium chloride present pro- 
foundly alters tho solubility (and hence the 
roactiveness) of tho calcium hydrate, as is 
shown by the following figures for 60°C. : 

Percentage CaClj 

in solution . 0 C 10 15 20 25 30 

100 c.c. dissolve g. 

ofCaO . . -09 -11 -13 -17 -22 -29 -38 

On cooling very long crystalline needles of the 
oxychloride CICa-O-Ca-OH-bYHjO separate 
and so much so from strong, hot solutions that 
tho mixture becomes apparently solid and 
can bo inverted, and this has been assumed to bo 
one of tho reasons for tho production of tho 
" stiff batches ” mentioned. 

Starting from native manganese the liquor will 
contain about 18% CaCU only, and because 
of tho low solvent action of this concentration 
of calcium cliloride on tho excess lime already 
added, it is not permissible to add any further 
excess until some of tho free lime has been 
removed by converting it into calcium 
manganite. 

Por this purpose the blast of air is increased 
to its maximum and continued until tho end of 
the operation. Tho fixation of tho oxj’gen causes 
tho temperature to rise a few degrees, and tho 
reaction CaO-l-MnO-i-0=CaO-Mn02 reduces 
the amount of free lime and changes the colour 
of tho precipitate from light j'ellow to brown, 
and then to black. After about a quarter of 
an hour one-fourth of the remaining o.xcess lime 
desired is added, and these additions repeated 
after three more periods of blowing. 

During tho progress of the blowing, filtrates 
from samples will show a diminution and 
then the disappearance of tho free lime. The 


simultaneous oxidations of the mixture (CaO-t- 
MnO) and of the excess MnO to form 
(CaO-MnOj) and (MnO-MnOj) respectively 
are now complete, and continued blowing has no 
further effect. 

But by the addition of a second supply of 
manganese chloride h'quor to the blowing tower 
a now reaction is now brought into play, namely 

2(CaOMnOj)-l-MnCI, 

“(Ca0*2Mn02)-l- CaCl2-l- MnO , 

and by continuing the air blast the MnO is 
converted into (Mn0-Mn02), as in the first 
part of the operation. The “ blorving out ” 
of the manganese becomes slower with each 
addition, and when it becomes too slow no 
more is added, and the whole operation is ended. 
The effect of this last operation is to increase 
the amount of chlorine that can be manu- 
factured from the mud, without increasing the 
amount of acid required for its manufacture. 

The mud, consisting of calcium dimanganite, 
Ca0-2Mn02, and manganese manganite, 
MnO-MnOj, suspended in a calcium chloride 
solution is now run from the base of the oxidising 
tower by the cock and main c, c. Fig. 4, into the 
mud settlers C, C, similar in construction to the 
settlers A above. After a few hours tho settling 
is complete and the clear supernatant calcium 
chloride liquor may then bo run away through 
the main E, E, by opening the cock near the 
bottom of tho tank and gradually lowering tho 
swivel pipe p, until the black mud below is 
reached. 

The manganese mud is now ready to be used 
in the manufacture of chlorine. It differs from 
native manganese in that it is entirely soluble 
in hydrochloric acid and that it dissolves 
very much more readily. Tho generating tank 
therefore does not require a false bottom, and 
it is made very large. Fig. 4 shows four such 
stills D, D, that may be 12 ft. diameter and 
12 ft. deep. They are octagonal, but otherwise 
resemble in construction tho native manganese 
still. The right-hand end still is shown in 
section, the two columns S, S are the perforated 
stone blocks for blowing in steam. The outlet 
liquor pipes are not shown, nor are tho gas outlet 
pipes, nor the acid inlet pipes. 

Into tho still is charged any liquor available 
from the still E, because though it is not strong 
enough to act further on native manganese, 
it will act on recovered manganese mud, and 
this is one of the advantages of tho Weldon 
process. Hydrochloric acid is then also run 
into the still till the acid liquors are 2 ft. deep. 
Tho settled mud in tho settler tank C may 
then bo stirred by a hand rake, to make it a 
little more fluid, and run through a cock g 
situated in the bottom of the settler, into tho 
main /, /, and thence through another cock 
into the luted trap h, when it runs into the 
still. The chlorine is given off very readily', and 
tho rate of evolution of the chlorine is governed 
by controlled addition of tho mud. As tho 
acid becomes exhausted steam is blown in to 
raise the temperature, and the further additions 
of mud arc made with caution, imtil samples 
taken from the still by an earthenware cock 
(not sho^vn), cease to be clear yellow and become 
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s clear coHee colour that is not reraoTcd by 
furthcrsteamirg. Asampletestedwithstandani 
caustic eoda solution will then show the presence 
of about 0-S^/o of free acid. The waste mangan* 
ese liquor is now run, as before desenbed, into a 
neutralising well G by opening an earthenware 
cock and the Weldofl recovery process is 
repeated. 

When sufficient mud has accumulated in 
settlers A, A, a loug.hafldled plug (indicated by 
a dotted line m each of the tanks) ia lifted, and 
the mud is run through pipes g to filter presses 
(not shown ra the fignre), where as much 
manganese chlonde Lquor as is possible is 
recovered, and the cakes of stiff, nearly dry 
mud are then thrown away. 

YThen sufficient manganese chloride bquor 
has been made fr'om native manganese m the 
still £ to stock the settlers A and C, and to 
give workmg charges in G, B, and D, then 
only BO much native manganese requires to 
be dissolved m E as will counterbalance the 
unavoidable losses m the whole of the Weldon 
plaut. 

(b) Am OxniaTioy. — The Goitoua Byiro- 
ehlortc Aeid and Atineaphene Orygen Meth^—^ 
After many nnsueeeasful attempts made by 
Oxlsnd (1845), Jallion (1846), Binks (1860 and 
1862), DuirSoe (1865), and others, the labours 
of H. Deacon and F Hurter, from 1868 onwards, 
produced an entirely successful chlorine process 
which IS baaed on the direct oxidation of the H 
in HCI by atmospheric oxygen, and which 
utiliaes much more of the HCI than any proeeee 
employing either native or recovered MnOj 
Some processes patented later (Hendenon, 1871 , 
Weldon, 1871 , Wi^, 1873, etc ) proceed os the 
same lines bat have not b«n practically 
snecessfuL 

The Deacon process starts from the well- 
known fact that a mixture of hydrochlone acid 
gas and oxygen at a temperature }nat below a 
red heat, especially in contact with porous 
substance*, partially changes into chlorme and 
water: 2HCl-f-0=H|0-(-CI.. This decom 
position is very much sssistea by the employ- 
ment of substances which serve aa oxygen- 
earners, and of these the salts of copper 
(previously employed by Vogel, 1855; Gatty 
and Laurens, 1860; Hallet, 1866) have been 
found most useful. Probably in all cases cnpnc 
chlonde is formed, which at once splits up into 
cuprous chloride and free chlorine. The 
CU|CI} combmes with oxygen to form ozy- 
chlonde, CuO CuCIj, and this acts agam upon 
HCI, yieldmg water and reforming cnpnc 
chlonde, so that the reactions can begin over 
again: 

(1) 2CuCI,»Cu,CI,+CI, 

(2) Cu,CI,-fO=CI— Cu— O— Cu— Cl 

(3) Cu,0CI,-{-2HCl-H,0+2CuCl, 

Theoretically, aii the HCI waold thus be con- 
verted into chlorine, but in practice, under the 
best conditions, about two thirds of this decom- 
position u effected, nndecomposed HCI 
IS, however, not lost, but is recovered and can 
bo utilised fat othev purposes, eg., fat tha 
Weldon process. 


The reversible reaction of the Deacon process 
has been studied by Lunge and Marmier, by 
Lewis (J. Amer. Chem. Soc. 1906, 28, 1380), 
and by von Falckenatein (Z. physikal. Chem! 
1907,59,313). Lewis and Randall (“Thermo- 
dynamics and the Free Energy of Chemical 
Substances," 1923, McGraw- Hill Book Co., Inc.) 
have critically examined these results and those 
obtamed by Moidenhauer (Z. anorg. Chem. 
1906. 51, 369) for the hydrolysis and oxidation 
of magnesium chloride and have shown that all 
these results are in exceUent agreement with 
the equilibrium constants calculated from the 
free energies of steam and gaseous hydrogen 
chloride, which are, of course, obtamed by 
entin^y independent methods. 

For the reaction 

JCI,(g )+J H»0(g.)= HCI(g.)-HO, 
they give the equation 
AF*-6833-0 02TlnT-0 00085T* 

-bO 000000185’P-7-27T, 

where AF“ is the change in free energy. 

I From the equations 

,, CO,1l[HCIl 
[CljHH.Oji 
•nd -ETliiK=Ar" 

the equilibnuffl constants may be calculated. 
Although the eqmhbnum equation is in terms 
of activities, pressures (as atmospheres) may be 
used aa a first approximation. 

The following figures are calculated from 
Lewis and Randall's equation : 

Temp. «C. 300 350 400 450 500 650 600 
AF*cab. 2,350 1,940 1,525 1,110 690 270-154 
K. . . 0-13 0 21 0 32 0 46 0 64 0 69 1 09 

Deacon’s process deals with the gaseous 
hydrochloric acid, as it is evolved in decom- 
posing common salt by sulphuric acid without 
condensing it into liquid acid. In practice 
only the gases from the decomposing pots, say 
68-70% of the total HCI, are used for the 
Deacon process, those commg from the roasters 
being too dilute and containing too much 
eulphnnc acid. 

The quantity of air necessary to form chlorine 
enters through the joints of the doors and 
dampers and is regulated by the suction mam- 
taiQ^ on the whole plant. Usually there are 
4 vols. of air to 1 vol. of HCI. An excess of 
air is less injurious than a deficiency of it, in 
which case there ia a poor decomposition. 

The gases leaving the pot are fint cooled by a 
long string of pipes and a scrubber ; thus much 
of the water and about i or | of the HCI are 
removed. Further, the gas may he dried in a 
sulphonc acid tower before it enters the decom- 
poser, such complete drying being very advan- 
tageous for the process. The gases now enter 
I the heating furnace in which pipes are arranged 
I in two sets of twelve. 

I The gases are here heated up to 500°; the 
waste heat of the furnace is sufficient for heating 
thft dacompnaec, whfah. doea nnt y»aeaa any 
I fire of ita own. 
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The gases no«' pass into the deeoraposor 
(Fig. 5), an upright, cast-iron cylinder. It 
contains a cylindrical ring of broken bricks D, D, 
supported by two cylindrical cast-iron rings 
of siiuttcrs placed concentrically one within 
tlic other. The gases enter at tiie circumference 
at A, pass radially across the decomposing 
mass D into the inner space, and arc led away 
through the pipe OB. The decomposer tempera- 
ture ought to bo between 480° and 500°. The 
catalyst ma.»s consists of burnt clay broken up 
into lumps, or ordinary bricks broken, freed from 
dust, and dipped into a solution of cupric 
chloride. The mass contains about O'G-0-7% 
of metallic copper. 

When the gases leave the decomposer, they 
consist of a mixture of HCI, free Clj, and 
sto.ani. At best two-thirds €f the HCI is 
converted into chlorine, but sometimes onlj’ 
one-half. The hot exit gases arc now cooled 
by passing through a long string of earthenware 
or glass pipes, and are then freed from HCI by 
washing with water in the ordinary acid con- 
densers, consisting of^ stone towers fdlcd with 
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coke, combined in some works with acid 
cisterns. Woulff’s jars, etc. By properly 
managing this process, all the acid can bo 
obtained in the state of concentration required 
for the Weldon process and other purposes. 

There is theoretically no loss of HCI in the 
Deacon procc-ss, the whole of the acid evolved 
from the salt being cither converted into 
chlorine or recovered by condensation as 
aqueous hydrochloric acid. In practice, of 
course, some lossea occur, but they arc not 
necessarily large. 

During tbc early years of tho working of 
the Deacon procc.ss result-s wore disappointing 
and unsatisfactory. Tho fact that impurities 
accompanying the gaseous HCI were sufficient 
to seriously affect tho process was not realised. 
Tho impurities are sulphurio and sulphurous 
acids, arsenious acid, water, and carbon dioxide. 

The arsenious acid, derived from the As^Og 
in the sulphuric acid used, forms arsenate of 
copirer, which is even less reactive than tho 
CuSOg formed from tho sulphuric acid im- 
purity. Tho presence of thc.se impurities 
necessitated the frequent renewal of tho decom- 
posing material. Water is one of the products 
of tho decomposition, and hence, when prc.scnt 
in tho inlet gases, increases the partial pressure of 
the products of the reaction and lowers tho 
maximum percentage decomposition obtainable 
under the conditions of the process. 

Carlmnic acid derived from the fuel gases, 
cither of the salt-cake furnaces or of tho decom- 
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posing furnace itself, was a serious obstacle to, 
and frequently entirely jirovented, the pro- 
duction of strong bleaching powder. This 
difficulty has been overcome by greater care in 
the construction of the apparatus and in testing 
for leakage. 

It will be noted from the above description 
that only the gaseous HCI from the salt-cake 
pot is dealt with by the Deacon process, and 
the liquid acid collected after the decomposers 
has to be sold as such or used in some other waj', 
such ns by tho Weldon process. 

Hascnelev'er, however (B.P. 3393, 1883), 
described a process for gasifying the HCI in 
the liquid acid by mixing with strong, hot 
sulphuric acid in a series of earthenware vessels 
through which air is blown. By this means a 
steady, continuous stream of gaseous HCI 
is evolved with an easil 3 ' regulated supply of air. 
After passing through the scries of vessels, tho 
vitriol diluted with the water contained in the 
liquid hydrochloric acid has to be rccou- 
centrated to the original sp.gr. Tho concentra- 
tion is generally performed in long, lend, brick- 
lined pans, heated by top heat, tho fuel gases 
being in direct contact with the sulphuric acid. 
This process was used to a considerable extent, 
but from the large quantitj- of sulphuric acid to 
be concentrated per ton of bleaching powder, a 
verj’ material addition is made to the cost of 
manufacture. 

Other Contact Substances . — A general investiga- 
tion on tho mutual action of HCI and O in the 
presence of certain compounds of Cu, Fe, Mn 
and Cr was made by Lamj' (B>dl. Soc. chim. 
1873, [ii], 20, 2). Copper salts were found to bo 
more efficient than others, ami with these tho 
decomposition is at its maximum at about 440°. 

Tho proposals to employ ferric chlorido (Thi- 
bierge, 185.5, and others) or chromic o.xido 
(Hargreaves and Robinson, 1872) have not had 
any practical success. 

Nickel oxide was proposed bv" L. Mond -(B.l’. 
8308, 1886). 

Do Wilde and Kcychlcr (B.P. 17272, 1889) 
proposed employment of a mixture of mag- 
nesium and manganese chlorides with mag- 
nesium sulphate. 


Production of Chlorine by Electrolysis of 
Alkali Chloride. 

Technical. Thcoreticallj' a current of 1 amp. 

, g. cquivalentx 3,600 

liberates m 1 hour * ■ ^ — g. of an 

9Gu40 

clement. 

Simple ns tho electrolysis of alkali chlorides 
may appear from tlio formula, yet in aqueous 
solutions tho first obvious difficultj’ arists from 
tho activity of tho alkali metal. Where no 
attempt is made to separate the cathode and 
anode products, tho output of such a cell will be 
hj'pocldorito or chlorate according to tho 
conditions of operation. 

Tho separation of the two products naturallv 
presents manj’ difficulties, since factors such a's 
temperature, clcctrol 3 'tc concentration, ionic 
mobilit 3 % electrode materials, and current density 
play an important part. 
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The effect of two of these factors is shown by 
the fact that the conductivity of solnfions of 
alhali cUondes increases with concentration 
and with temperature 

The voltage of an electrolytic cell depends on 
the decomposition voltage of the salt, the length 
of the electrolytic path, the overvoltage at each 
electrode, and the current density of the cell. 
In the case of a diaphragm cell, resistance of the 
diaphragm ls also a factor. 

Thomson’s formula may be used to calculate 
the approiimate decomposition voltage (E) of a 
- , where Q is the heat 


^ nx 0 2337x96,540' 
of formation and rv is the valency. 

Overvoltage is an inherent property, non 
calculable, of the electrode material Although 
the hydrogen over v oltage m caustic solutions at 
graphite electrodes is very low, for constructional 
purposes metal cathodes are preferable and 
nicltel with a low hydrogen over voltage is 
suitable, but iron mth a slightly higher over- 
voltage, 0 08 volt (Caapan), is cheaper 
Jlcrcury is m a class apart with a very high 
hydrogen over voltage, 0 78 volt (Caispan), 

1 0 volt (Tafel), and it is due to this property 
that sodium is discharged preferentuUy on 
electroljais m the mercury cell process and that 
sodium amalgam is only very slowly decomposed 
by water Tms fundamental property baa made 
possible the development of the mercury cell 
Chlorine over-voltage «bo vanes with the 
anode material at carbon electrodes it is low, 
whilst at platinum or fused magnetite it la 

^he following determinations of single elec 
trode potentials may be noted ■ 

OH' ion discharge -t-O 82 V 
Cl' „ -1-1 37 V. 

H .. -0 4lv. 

Na- „ -2 71 V. 

HgaNa* „ „ -1 81 V 

In a bnne solution the smallest decomposition 
voltage IS 1 23 for the electrolysis of wate-, 
but the over voltages are high and at higher 
voltages little of this process proceeds 
At 4 08 volts electrolysis of anhydrous sodium 
chloride commences, but since u aqueous solu 
the euctbieisaw veaetwa betweev. sod'.uva awd ' 
water to give caustic soda and hydrogen takes 
plsee, the decomposition voltage will be reduced. 
It will be higher than the decomposition voltage 
of hydrochlonc acid, 1-78 volts, duo to the fact 
that hydrogen ion concentration will be low at 
an electrode where there is a preponderance of 
OH' ions from the caustic soda and there 
nso in the single potential for hydrogen 
discharge The decomposition voltage will 
depend on the strength of the caustic soda as 
well as that of the bnne, but is of the order 
of 2 3 volts 

With a dilute sodium amalgam cathode the 
single potential of sodium is lowered by reason 
of Its solubility m the amalgam, and the decom 
position voltage is of the orfer of 3 18 volta. 

The decomposition voltages, therefore, of 
sodium chlonde m saturated brine axe approxi- 1 
mately 2 2 volts for diaphragm cell processes' 
and 3 2 volta for mercury cell processes. 


The mobility of ioris plays an important part 

i diaphragm cell processes. The hydroxyl ioa 
with & potential drop of 0 1 volt at room tem- 
perature has a velocity of 6 48 mm. per hour 
compared with 2 41 mm. per hour for chlorine. 
Sligration of hydroxyl ion, therefore, must be 
opposed by a suitable velocity of electrolyte 
through the diaphragm if satisfactory yields arc 
to beobtained. It becomes clear, then, that for 
the same efSciency horizontal diaphragm cells 
will yield a stronger caustic liquor than vertical 
diaphragm cells 

The choice of materials for electrodes has been 
hmited in course of time by initial cost and by 
nmniDg costs The high over-voltage and high 
coat of platinum and magnetite anodes have 
eliDunat^ these from chlorine cells and artificial 
graphite is now universally employed. This 
latter material, which is porous by reason of its 
method of manufacture, suffers from the fact 
that as porosity increases so the life of the anode 
decreases. It has been contended that in the 
pores where there is no appreciable circulation, 
the aqueous solution ^cornea depleted of 
chlonde ion and hydroxyl ion discharge occurs ; 
this results in oxidation of the anode to carbon 
dioxide and dismtegration ts promoted 

Cast magnetite (GP. 157122 and 193367, 
GriesheimE lektron) was used to overcome the 
defects of porous carbon, and with particular 
advantage m the Gnesbeim cell, where the 
chlorate concentration in the anolyte accen- 
tuated attack on tbe carbon. 

Kioto recently attempts have bees made to 
increase tbe bfe of grapmte anodes by impreguat- 
log them with orgsnic substances to reduce 
their porosity (Fitzgerald and KloUoy, B P. 1376, 
1872; Atkins, USP. 754114, 1904; de Vsms. 
F.P. 667925, 1922, Koholyt, B.P. 221634, 
1923; PomiLo, Giom. Cbim. Ind App) 1925, 
7, 63; Bozel Maletra, F.P. 679810, 1928) 
Jaffa (Z Elektroebem. 1930, 42, 71-85} shows 
that impregnation causes an increase in the 
over-voltage of chlorine discharge. 

DiAPHBAOSi Cells. — Tkt GritfJieim CtU — 
This was one of the earliest cells to be operated 
on an industrial scale, although it baa now 
been replaced largely by more economic muts. 
It employs stationary electrolytes and, there- 
four, boa vwA the eame wAvcAiVy tjl waVjAit, tics 
the eacie economy in power and materials as 
later cells, but its advantages of robustness 
and simplicity well fitted it for tbe early days 
of electrolytic chlorine production. It depends 
essentially on Breuer'a diaphragm (B.P. 19775, 
1891) made by settmg cement with acidified 
bnne : after complete setting the crystallised salt 
can be washed out to leave a very porous block. 

A number of boxes made of such diaphragm 
plates fixed in an angle iron frame rest m an 
outer atecl contamer. These boxes make the 
auode compartment which is fitted with carbon 
anodes, whilst the steel outc* vessel and steel 
plates hung between the boxes form tbe cathode. 
Porous pots filled with salt are suspended in 
the anode chambers to mamtain the strength of 
the bnne Fig. 6. 

The method of operation is to fill tbe anode 
compartmeut with saturated bnne and the outer 
eontamcT with weak bnne. As electrolysis 
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proceeds nikali accumulates in the cathode 
liquor until the concentration reaches 40 to 
CO g. of caustic soda per litre, when electrolysis 
is stopped, the caustic liquor drained off, and 
after refilling the cathode chamber the process 
is recommenced. In its long history the cell has 
naturally undergone many changes, bigger cells 
ucrc made and provision rvas made for main- 
taining a high working temperature and for 
rollettion of hydrogen. 

Tlio cell voltage was of the order of 3'C5, 
with current densities at the anode of 
2 amps. /dm.’, and at the cathode of 
0-5 amps./dm.’ 
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Owing to the low output and absence of 
positive movement of solution through the 
diaphragm, back diffusion of hydrosvd ion is 
appreciable. This leads to low efficiencies, high 
chlorate content, and rapid anode attack. 
This latter results in a high carhon dioxide 
content of the chlorine which in turn causes 
difficulty in bleaching powder production. 
Attempts to obviate these difficulties led to the 
manufacture of magnetite electrodes, but these 
add appreciably to power consumption owing 
to the much higher chlorine over voltage. 

This cell was largely applied to the electrolysis 
of potassium chloride in Germany. 



Tht Sicmcnt-Billilcr Cell . — ^The first installa- 
tion of these cells was tested in 1907 at Aschers- 
Icbf'n by the association of Kaliwerke Aschers- 
leben, Siemens it llalske A. G., Billitcr, who 
had carried out much e.xpcrimontal work 
previously in Vienna. 

Many plants were subsequently erected in 
Germany. 

The cell consists of a sheet iron tank, the 
eathodo is a sheet of perforated iron or iron 
netting attached to tho ualls a little above the 
bottom of tho cell. 

Tho side walls above the cathode are covered 
uith a lajcr of cement, uhilst tho cover of the 
cell consists of tiles of concrete or stoneware. 
The anode leads of graphite which carry graphite 
plates pass through the cover, whilst the iron 
slicll is connected to tho cathode leads. Tho 
thiorine outlet in the cover is connected to an 
earthenware main, whilst an outlet pipe of iron 
from tho cathode chamber scrscs to carry away 
the hydrogen. The caustic liquor drains from 
the cathode chamber continuou-Iy. I'ig 7. 

Tho cell is tho only typo in large scale com- 
mercial production which has a horizontal dia- 
phragm and the succc-s depends on having a 
suitable diaphragm which has sufiicicntly fine 
capillaries and at tho same time a readily 
regulated porosity. The essence of Billitcr’s 


diaphragm is tho uso of a fibrous material, 
asbestos, and a powder, barytes, which are spread 
uniformly on a sheet of asbestos cloth resting on 
the cathode. With a suitable diaphragm there 
is no tendency for hydrogen to penetrate, and the 
avoidance of this eliminates tho difficulty of 
producing a satisfactory chlorine as well as a 
caustic liquor of constant and suitable com- 
position. 

Tho cell having been filled with brine, tho 
circuit can be closed. The brine percolates 
uniformly through tho diaphragm, and as tho 
anodes practically cover the whole diaphragm a 
uniform current-distribution and brine-flow 
ensue. 

A level gauge is fitted to tho side of tho cell 
to indicate the depth of brine, but a modification 
has been introduced in recent years. A small 
vessel external to the cell is connected to it 
just above tho diaphragm and tho hydrogen 
from the cathode chamber bubbles through the 
brine in this vessel. By %-aiydng the depth of 
the hydrogen seal in the brine the rate of 
brine percolation through the diaphragm is 
controlled at the desired rate under varj-ing 
conditions of hydrogen and chlorine pressure and 
of brine level. 

In actual constniction the tank may bo 
shallow, little deeper than the cathode compart- 
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went, wjtl the wall of the cell may be bcOt np 
cf bnct or stone sutablj tied together. 

The cell is operated to giro a constant 
allcalmity which is achiered by Tarymg the 
level of bnne in the celL The rate of peretdation 
and the cell voltage remain practically constant 
for manv months, but graduaUy the diapbragm 
becomes* blocied owing to the accnmnlatioQ in it 
of cnlciom and magnesiom deposits, and the 
cell IS then cot out for cleaning. The depth of 
brme, which may be 8 cm, at the commencement 
of the cell life, be gradually wereased doimg 
the run, possibly to 24 cm. when cleauisgisdne. 


The results of » run of two months with 
brine not specially purified are given by Bilhter. 
Mean current. . . 2001'6»mps. 

„ „ effitaency 94-'3% 

,, Toltage . . - 3 66 V. 

„ allc aliru ty . . 130-2 g. NaO H/hlre. 
CO, content of ehlorme l-l 7% 

The average voltage for different current 
densities of a cell wording at 85®-95‘’C. is : 
Current density amps./dm.* 4 6 7 0 10 0 

Voltage 3 5 4 0 4-7 




The alkah content of the cathode liquor is 12- 
16% for NaOH or I8-20?J, for KOH with 
a\ erage current efficiency of 95%. 

Tkt BeU-jar {Ausny) CeB. Fig. 8.— This cell, 
formerly operated by the Verem far Chemisebe 
undMetallurgischeProdnktion at Aussig.Czecbo- 
Slovakia, u sometimes known as a gravity celL 
It may be described as a diaphragm cell which 
dispenses with a solid diapl^gm, since it fuse- 
tions by reason of stratification of the Lquora 
The density of the caustic liquor produced at the 
cathodes outside the belJ-jar is aLghtly greater 
than that of the feed brme, and the flow of 
bnne from the anode in the bell to the cathode 
counteracts the tendency for alkali to diffuse 
back to the anode. 

In c concrete vessel 8 to 10 ft long, 4 ft. wide, 
there rest 25 bells ; the bells, which are long and 


narrow, are made of sheet iron coated inside 
with cement, and rest on a ledge in the concrete 
I walL The graphite plate anodes lie horizon- 
I taUy inside and just above the hp of the bell 
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and the bnne feed is distributed uniiormly above 
the anode. The sheet iron bell acts as cathode 
and the caustic liquor overfiows continuously. 
The cell is reputed to have a long life. £^ch 
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l>cll takes 20 amps, at a voltage, increasing 
from 3-7 to 4-2 during a run, and the cell has a 
current efficiency of 85-90% when producing a 
caustic liquor containing 120—140 g. NaOH 
per litre. 

The BUlilcr-Lcyham Cell.— This cell was 
devised ns an improved bell-jar cell. The 
cathode is placed below the hell and consists of 
T-section iron bars which are enclosed in tubes 
of asbestos cloth. The cloth is not an electro- 
lytic diaphragm, since its purpose is solely to 
keep the bycirogen separate and carry it from 
the cell so that the chlorine may not be con- 
taminated and the caustic liquor may not be 
agitated. 

At SS'C. the voltage is 3-2, caustic liquor 
150 g. NaOH per htro with current efficiency 
92-94%. 

The cell was intended by Billiter as a trouble- 
free unit for small operators. 

The Gibbs Cell . — ^This cell dates from about the 
same time ns the Siomcns-Billitcr and has found 



The diaphragm hero is vertical and cylindrical 
(Fig. 9). The cathode is a perforated steel 
cylinder closed at the bottom and top with 
a cement disc and cover respectively. The 
diaphragm of asbestos paper rests inside the 
cathode and the anodes of carbon rods inside 
the shell are suspended from the cover. The cell 
re.'<ts inside a cast-iron or steel cylindrical tank, 
this forming the cathode compartment. 

The original patent indicated tho cathode 
compartment flooded with caustic liquor; this 
method of working was abandoned in favour 
of a drained cathode, which is reminiscent 
of tho much earlier Hargreaves-Bird cell. 

The llargrcarts-Bird Cell . — This cell, like the 
Griesheim ccU, is interesting historically as 
being one of tho first to acliicve commercial 
succe.ss. It is particularly interesting as the 
progenitor of tho continuous typo with vertical 


diaphragm and drained cathode which has 
achroved greatest Success. 

It was operated by Electro-Bleach & By- 
Produefa, Ltd., at Jliddlewich, England, until 
1928, when the works avas closed doavn. 

The cell consists of a cast-iron container, 7 ft. 
high, 11 ft. long, 1| ft. aa-ide, lined with cement 
or brick. It is divided into three compartments, 
by asbestos cement composition diapliragms 
fixed to copper mesh cathodes ; tho anode com- 
partment is between the tavo cathode compart- 
ments. Fig. 10. 

Although caustic soda was made in this coll, 
in practice steam and carbon dioxide avere 
bloavn into tho cathode compartment and 
sodium carbonate was produced. 

Tho later cells of this tjqje adopted nearer 
materials and improved methods of construction 
which gaa’o a greatly increased output. 

The AUen-Moore Cell. — This, like its fore- 
runner, tho Hargreaves-Bird cell, is rectangular 
with vertical diaphragms. A concrete monolith 
makes the bottom, top, and ends of tho cell, 
tho sides being closed by shalloav steel boxes 
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which bolt on to the concrete. The cell thus 
formed contains tho perforated steel sheet 
cathode on avhich rests the asbestos diaphragm. 

The graphite anodes pass through the concrete 
top, and the asbestos diaphragms inside the steel 
boxes bolted to tho concrete form the anode 
chamber. Fig. 11. 

The standard unit takes 1,200 amps, at an 
averago voltage of 3-55. The caustic liquor, 
80-100 g. NaOH per litre, is produced with a 
current efficiency of 95%. The diaphragm life 
is 3 months and anode life 18 months. 

Tho cell is principalh- used in paper mills in 
U.S.A. 

The Toinmnd Cell . — This is similar to the 
Allen-Moorc cell. A now idea is introduced in 
the flooding of tho cathode chamber with 
kerosene. This compensates tho hydrostatic 
head of brine on the opposite side of the dia- 
phragm and reduces the rate of percolation. 
The production of a stronger caustic liquor is 
possible without tho back ditfiision of the 
OH' ions into the anohie having (juite the 



CHLORINE. 




same forc« as if the cathode were sahmerged 
ra caustic Lquor completely. The caustic liquor 
IS earned away from the cathode hy the 
hydrogen, and smhs through the kerosene and 
runs away. Fig 12. 

A standard 2,500 amp cell is 8 ft. long, 1 ft. 
wide, and 3 ft deep The caustic liquor. 
15t>-160 g per Ltre, is produced at a current 
efficiency of 95%, the cell working at .t 0 to 4 S 
volt*. 

The diaphragm of asbestos cloth is painted 
with a mixture of asbestos fibre, feme oxide, and 
colloidal feme hydroxide 
This cell 19 operated by the Hooker Electro 
chemical Company at Niagara Falls 
Tht Pomilio Celt — This cell is very similar to 
the Townsend and other cells of this type 
Jt operates with a controlled submergence of 
the cathode. The depth of caustie liquor la 


altered as required to control the rate of pcreola. 
tion. A 3,000 amp. cell at an average voltage 
of 4 0 produces a caustic Lquor of 140-170 g. 
NaOH per litre. 

The first installation was made m 1921 at 
Naples. 

Tke Kelson Cell — This is a diaphragm cell 
con«isting of a rectangular steel bov in which a 
U shaped perforated steel sheet is attached to 
the top ; the ends of the channel are closed 
by the ends of the steel box which must, there- 
fore, be protected inside the anode compart- 
ment by cement or concrete. The diaphragm 
consists of sheets of asbestos paper and the 
graphite anodes, 14 to the cell, are blocks 4 in by 
4 in by 17 in 

A cell normally works at 1,000 amps, with a 
voltage of 3 75, and produces caustic Lquor 
containing 90 to 100 g per Ltre. 



This cell was adopted for what was at one 
timetbelargestalkaL chlonne plant mtheworld, 
the Edgenood Arsenal plant of the U.S. 
Government 

The Krebs Cell — This is an improved multiple 
Nelson cell with two or more U chapes in the 
(Laphregm The double U diaphragm cell 
takes 2,000 amps Jlc.-ins are provided for 
increasmg the licpth of electrolyte as the rale of 
percolation tends to decrease. At 90% efficiency 
a cathode liquor averaging 110 g NaOH per 
litre is pmdcrwvl. 

Several installations of this cell have been 
made in Europe 

The Basle Cell (Ciba, Monthey). — Known by 
several names, this is the cell of the Society of 
Chemical Industry in Baale aod is operated at 
Monthey in Switzerland and in several installa- 
tions m Italy and France It is a ecU of novel 
design and possesses two diaphragms which it is 
claimed pve long anode life, low hydrogen 
content of the chlonne, and good efficiency. 

The cathode is a cyliodric^ iron wire cage of 
small diameter, 24 in long, on which the asbntoe 
diaphragm is deposited externally. The bottom 
of the cylinder 19 closed whilst there is a reatneted 
outlet, of j-in IJ). iron pipe, so that a froth of 
byiirogen and caustic Lquor is earned upwards 
into a closed channel in which they cau sepante. 

The anode is a carbon plate which u tur- 
rounded by an aabestos cloth hanging from the 
cell cover. The plate, 24 in. by 4 in, 2 in., 


IS drilled and screwed at one end to receive the 
anode current lead which is a carbon rod 1} in. 
diameter. 

A cathode unit consists of twelve cathodes 
attached to the closed channel and the anode' 
unit consists of ten anode plates attached to the 
cell cover, an inverted earthenware trough, 
which aerves to collect the chlorine. 

Cathode unite altercate with anode units in 
the cell container, individual cells carrying 6,000 
amperes. 

Tie prpo rt ed. performancu is current i^nsity 
4 Samps /dm.' at the anode and 9 0 amps /dm.' 
at the cathode, starting voltage 3 3 v. rising to 
4 5 V., caustic Lquor 110-130 g. per Ltre with 
current efficiency of 93%. 

The Oauss Cell (Badische Anilin- und Soda- 
Fabnk) — Little, beyond the patent specifica- 
tion, has been pubUshed regarding this celt, 
but it IS reported to be work^ on a large scale. 
Similar to the Baale cell in having two dia- 
phragms, It is, however, so arranged that the 
bnne feed is divided, and a portion of the main 
feed to the anode compartment is bled off to 
the space between the diaphragms. 

Hie object of t^s arrangement is to reduce the 
back diiiuaioa of hydroxyl ion to the anode 
compartment, with corresponding diminution of 
the conversion of dissohed chlonne to bypo- 
chlonte. 

The Finlay Cell. — In this double diaphragm 
cell the bnne feed is introduced between the 
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difipbragms. Successful operation depends on 
reducing the electrolyte gap which was achieved 
by a sort of filter press arrangement. The 
tendency for the anolyte to become denuded of 
chlorine ion would appear to be compensated 
by resaturation of the effluent brine. 

'Mekcurv Cells. — The Costner Cell . — ^This 
cell shares with the Griesheim, Le Sueur, and 
Hnrgreaves-Bird cells the position of being 
one of tho first cells to prove successful on the 



industrial scale. It is described ns consisting 
of a box, A, 4 ft. square, G in. high, with two 
vertical partitions which divide it into three 
equal compartments. The whole is con- 
structed of slate or concrete. There is a gap 
under tho partitions of ^5 in. and a corresponding 
channel in the cell bottom which has been filled 
with mcrcuiy effectively seals tho compartments 
but allows a flow of mcrcurj’. Fig. 13. 

Foerster givc.s the cell performance ns 630 
amps, at 4-3 volts. 


In the two outer brine compartments chlorine 
is evolved, whilst in the inner compartment 
sodium amalgam is decomposed and caustic 
soda produced. 

Mercury circulation is effected by oscillation, 
one end of tho cell resting on a fixed support, B, 
tho other being attached to an eccentric, C, 
which by its rotation imparts a rise and fall, 
rvith an ampfltudo of half an inch. 



The anodes consist of graphite rods which 
enter through tho side of the cell, and tho 
original proposal for tho cathode was an iron 
grid suspended in tho caustic soda. This 
arrangement, which makes the mercury a bi- 
polar electrode, was never worked, since for 
continuous operation each side of the bipolar 
electrode must w'ork with the same efficiency. 
Castner, in tho attempt to reduce power con- 
sumption to a minimum by using this arrange- 
ment, balanced the loss in the brine cell by a 
regulated shunt between the iron cathode and 
tho mercury. Finally, however, the mercury 
was made the cathode, and the discharge of 
sodium from tho amalgam was achieved as in tho 
Kellner cell by making the caustic compartment 
into a short-circuited primary cell with an iron 
cathode. 

The Kellner Cell . — Tho construction of this 
cell in three compartments is similar to that 
used by Castner except that tho cell is fixed and 
the mercury is caused to circulate to and fro by 
means of air pumps. Compressed air blown 
alternately into iron bells, Dj and D2, immersed 
in mercury troughs outside each end of the cell 
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effects the regulated displacement and flow of 
mercury. 

The centre compartment serves for the decom- 
position of brine, whilst caustic soda is produced 
in tho two outer compartments. 

The cell is made of concrete 12 ft. long by 
3 ft. C in. w'ide, and the anode chamber formed 
by slate partitions is 0 ft. 0 in. long. The anodes 
of platinum wire net, 88 in number, each weighing 
_1 g., are mounted in concrete. The caustic soda 
is produced in the outer compartments using 
cast-iron grids as the cathodes of a short- 
circuited primary cell. Fig. 14. 


f Air_ pressup© 1'^'^ Air pressupBj 
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TLc ccU takes eome 4,000 amps at 5 Tolta' 
piring a cafhwlc current density of 25 amps/ 
dm.* Working at 50°C. there is a cnnent 
efBcienc)' of 92% and the caustic liquor contains 
about NaOH. 

The cell is operated by the Bosniache EleL* 
triritSts A--G , at Jajce, m Jugoslavia. 

The tVhiUng Cell —A small installation of this 
cell has been operated by the Osford Paper 
Company, U.S.A. (U S.P. 031228. 931229 of 
1010 ) 

A shallow cement boic is divided into five 
compirtmcnts by glass partitions to form the 
cell proper. As electrolysis proceeds, the 
nuialgam of each compartment m turn is dis 
charged into a single caustic compartment where 
It follows a serpentme path down ^annels in 
graphite blocks in contact with caustic Lquor 
After removal of the sodium the merenry is 
elevated from the sump to a reservoir which j 
recharges the hnne compartments lo turn. | 

Working at 40*C. with a current efficiency of 


90-95%, ft 20% caustic Lqiior is produced 
(Whitmg. J.S CJ. 1910, 29. 436). 

The Wtldermann Cell —This, cell has been 
operated in Germany. Its outstanding feature 
n the quasi-vertical arrangement of the mercury 
cathode. To provide this a series of Y section 
nng shaped channels arc mounted one abose the 
other and mercury is filled into each trough so 
that the lower leg of the Y section dips into 
the mercury in the ring below. These rings of 
iron are covered with ebonite. The sjstem of 
nng channels makes a cylinder which is moimted 
in a contamer. The cylinder is the bnne 
compartment and the annulus the caustic soda 
compartment. Inside the cyhnder and as close 
as possible to the nng channels are vertical 
graphite anodes. The mercury is agitated by 
means of teeth at the end of arms which 
pass between the anodes, the arms being 
attached to a central shaft which is actuated to 
give rapid vibration. The whole of this 
mechanism is covered with ebonite. Pig. IS. 



Graphite tods fioating tn the ainatgara in the < 
caustic compartment assist in diicliarging the I 
sodium from the amalgam 

AG.OOOamp cell cot era nii area of 32 sq ft 
and works at 5 volts with (.athodje current 
density of 20 nmps /dm * at a temperaturo of 
50'C. ; 25% caustic soda liquor is pr^uced 

The Kellner-Solvay Cell — The form in which 
the mercury cell lias found widest application is 
the Kellner Soltat idl Itisopcrstedinseveral 
slightly differing forra», chiefly m Great Britain 
and on the Continent 

The cell tonMsts of two concrete troughs side 
liv siiie, cich with a alight slope in opposite 
direct tons, ooternl when working with ft sheet of 
mercury ornmalgnm 

In the hriii'- compartment elcctrolyais takes 
place le*wtoii either platiiiiirn «>r graphite 
anodes and the nicrniri (athode Clilonnc is 
rimoicd through ix eiiiixblc cvit ami sodium 
amalgam disi liargwl into the c.iustic compart 
iiicnl where it is <lccom]io«( d by u countercurrent 
of w.it< r with liberation of hydrogen Fig. 16. 

The mercury , stripped of its sodium, is elevated 


back to the brine compartraent, to begin the 
cycle afresh, by means of ft scoop wheel (Solvaj ), 
Archimedean screw (Castncr-Kellner), or x ertical 
screw (Aussig) {Taussig, Z. Elektrochera. 1909. 
15. 659). 

A circulation of brine is maintained between 
the cells and the salt saturators. 
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According to Foerstcr. this cell consists of ft 
I cement lined iron rmitaiiicr 14 in long by RO 
icm. wide whiili. aiiording to Billifcr, takf* 
1 12,000 amps, at 5 volts using phtinum anodes. 
I The loss of platinum is given as about 1 J% per 
I annum. 
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Tho chlorine gas, using platinum anodes, 
contains 99-6% chlorine, 0-2% hydrogen, and 
0-1% oxygen, -whereas using carbon anodes it 
contains 06% chlorine, 3% hydrogen and 1% 
c.arbon dioxide. 

The chief advantage of the mercury process is 
tho higher concentration of tho caustic liquor of 
greater purity. The disadvantages are tho 
higher power consumption, tho large amount of 
capital invested in mercury, and the high per- 
centage of hydrogen in the chlorine. 

Whilst tho mercury process is used almost 
exclusively in tho production of caustic soda, 
it may be used for tho production of caustic 
potash, but with greater difficulty, sec Allmand 
and Ellingham, “ Applied Electrochemistry,” 
1924 ; Kurt Arndt, “ Technischo Elektro- 
chomie,” 1929 ; Engelhardt, “ Handbuch dec 
Tcchnischcn Elektroohemic,” 1931; Foerstor, 
“ EIcktrochemio •u’asBeriger Losungen,” 1922 ; 
Bilh'ter, “Die clektrolytische Alkalichloridzerle- 
gung mit starren Metallkathoden, i, 1912, ii, 
1913 ” : Lucion, “ Die clektrolytische Alknli- 
chloridzcrlcgung mit flussigen Kathoden,” 1906. 

Celts wilh Fused EUclrolyle . — Tho Vautin 
ccU (B.P. 13568, 1893, and 9878, 1894) 
electrolysed fused NaCI or KCI, with or with- 
out tho addition of fluorides or other chlorides 
to lower tho point of fusion, over a cathode of 
molten lend or tin with which tho sodium or 
potassium formed an alloy {see paper by Vautin, 
J.S.C.1. 1894, 18, 448). 

Tho Acker cell is designed on tho same 
principle as tho Vautin cell, and makes use of 
the lead cathode (see B.P. 6636, 6637, ] 
1898). Below is a sketch (Fig. 17) of tho Acker 
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W'll, taken from a paper by J. B. Kershaw in 
Electrician, 1902, 4S, 20. Tho bottom of 
the cell I’ is trough-shaped and of cast iron. 
It serves as electrical connection between the 
main conductor and the mass of fused Ic.id L 
re.sling on if. Tho upper jiart of the cell Q 
is constructed of any refractory h.asic material 
not attacked by chlorine gas or fused wdt. The 
anode C is of carbon and dips into the fused 
salt. The channels and subsidiary vessel It are 
arrangements designed to remove and decom- 


pose tho lead alloy as it becomes sufficiently 
saturated -with sodium. The decomposition of 
the alloy is effected by blowing steam into it, 
and tho heat generated by the conversion of the 
sodium into hydroxide is returned to the cell 
and assists in maintaining tho necessary tem- 
perature. The voltage actually taken by the 
Acker ccU is 6-75, and the current efficiency 
54% (“Report of Commission on Science and 
Arts,” J. Franklin Inst. 1903, 156, [3] 221-4). 
The Acker cell was worked at Niagara Falls on 
an industrial scale from about 1900 to 1907, 
when the works were completely burned down 
and have not been rebuilt. Fig. 19. 

Tho Ciba ceU (Fig. 18) is used for the pro- 
duction of sodium by the electrolysis of fused 
sodium chloride, tho production of chlorine 
being incidental thereto. 

It is descrihed by Gesellschaft fiir Chemischo 
Industrie (B.P. 18300, 1910, and 17047, 1911) 
as constructed of fireproof brick so arranged 
that tho chambers for coUeoting the products of 
electrolysis are separated from each other 
by walls or diaphragms which are mainly 
vertical and are capable of resisting attack by 
the electrolyte and the products of electrolysis. 

Tho salt, which may be molten alkali chloride 
or mixtures thereof with other salts, is fused 
by an arrangement of heating resistances and 
additional electrodes for melting the electrolyte 
by alternating current, the resistances being 
used to produce a layer of molten salt. 

The Downs cell for the production of alkali 
metals and chlorine is described by the Roessler 
and Hasslacher Chemical Company of New 
York (B.P. 238956, 1924) ns one in which the 
metal halide salt is first heated, fused, and 
thereby freed from moisture in a large, separate 
compaitment of tho cell before it is subjected 
to electrolysis in the second compartment which 
is tho cell proper. 

The anode is preferably graphite, the cathode 
is either iron or copper, and these are sub- 
stantially concentric, whilst the cell container 
is a steel shell lined -with suitable refraetory 
bricks. 

Tho clectrolj'tio compartment is formed by a 
combination of tho sodium collector and tho 
chlorine collector from which two concentric 
diaphragms are suspended. The collector com- 
bination is submerged in the molten electrolyte 
and the sodium flows continuously from the 
collector up a riser pipe to a receiver. Tho 
upper portion of the chlorine collector is of 
reduced cross section, so that above tho collectors 
a considerable volume of molten salt is provided 
by the fusion compartment, and by this means 
access of moisture or gaseous impurity into tho 
cell proper is avoided. Fig. 20. 

See also Billitcr, “Schmelzfluss-EIcktrolyso” 
Knapp, 1932. 

Electkolvsis of Zinc Chloride. — Tho 
waste calcium cliloride from the ammonia soda 
process was utilised from 1897 for some years by 
Brunner, Slond & Co., of IVinnington, as a source 
of chlorine. Tho process has now been dLs- 
continued. By heating the liquor with crude 
zinc oxide and carbon dioxide the reaction 


CaCIj+Zn 0 +C 0 j=ZnCU-hCaC 03 




1. Fireproof bncUwork. 
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lakes place, or by treating it -n-itb native zinc 
carbonate (calamine) the reaction 

CaCIj+ZnCOj^ZnClj-fCaCOj. 

The filtered solution of zinc chloride is freed 
from its impurities (amongst -which is a not 
inconsiderable amount of cadmium), and the 
resultant solution is electrolysed with carbon 
anodes and circular revolving cathodes that are 
only partially immersed, to produce chlorine gas 
and an exceedingly pure metallic zinc, ilany of 
the details are due to C. Hbpfner (B.P. 11724, 
1894, and D.R.P. 85812, 1895). Fuller 

details are given in two volumes of “Mono- 
graphien uber angewandtc Elektrochemie,” 


xvi., “ Die Darstellung des Zinks auf elek- 
trolytischem Wege,” Gunther, 1904, pp. 99-180, 
and xxviii. “ Die elektrochemische und elektro- 
metallurgische Industrie Grossbritanniens,” 
Kershaw, 1907, p. lOS ; and also in “ Applied 
Electro-Chemistry,” Allmand, 1912, p. 286. 

PnoposvLs AiTD Less Import ast Methods 
FOP. THE Mahefactuee OF Chlomhe. — Many 
processes have been proposed and tried for 
utilising the residual ammonium chloride, or the 
residual calcium chloride of the ammonia 
soda process, but with the exception of Hopfner’s 
zinc chloride method described above none 
are now in use. Many other processes have 



Fio. 20. 


A. Anode. 

B. Cathode. 

C. Cell container. 

F. Collector and dome for chlorine. 

G. Collector for sodium. 


H. Riser pipe for sodium. 

I, J. Pipe and receiver for sodium. 

K. Chlorine main. 

L, M. Diaphragms. 

X. Hole in cover for salt charging. 


n!«o been tried for preparing chlorine from 
Various sourcc.s and in various ways, but have 
l>ccn abandoned, fjome of these old methods 
are enumerated below ; fuller information may 
bc obtained from Lunge’s “ Sulphuric Acid and 
Alk.ali,” 3rd cd., vol. 3. 

1. Chlorine from Ammonium Chloride . — The 
mo-st persistent cflorts for the direct manu- 
faclnrc of chlorine from NH,CI u ere made 
by Mond, who took out B.P. 65, 66, 1049, 
32.38, of ISSG; 10955 and 17273 of 1SS7; 
2160 and 2575 of 1889. .Articles dealing -with 
the Mond process are found in J.S.C.I. 1892, 


11, 466; 1893, 12, 10, 63. There w.as also a 
proposition from the Verein fur Chemischc 
Industrie of Mainz (B.P. 3322, 1886). 

2. Chlorine from CaClj. — Prolonged efforts 
for the direct recovery of the chlorine in the 
CaCI. produced in the ammonia stills of the 
ammonia-soda process were made by Solvav: 
B.P. 77 and 171 of 1877; 838 of 1880; 7258 
and 7259 of 1884 ; 8724 of IS85; 13389 of 
1880; lS574ofl8S8. Other patents : T^rynam’s 
process (B.P. 731 of 1885); Bramley’s process 
(B.P. 8289 of 1887) ; Lvtc and Stcinhart (B.P. 
21225 of 1890). 
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Chloride of Lime or Bleaching Powder. 
— Bleaching poT^er waa first manofactured by 
Charles Tennant in 1799 at St. KoUoz WoAs, 
Clasgo’sp, the onemal patent being B B. 2312, 
dated 30 April, 1799. The first year’s output 
was 52 tons and the selling price £140 per ton. 
Boring the nineteenth century the prodoebonof | 
bleaching powder reached extraordinary ton- 
nages, but for many jears row the amount 
produced has been declining. This is par- 
ticularly noticeable m Korth America, where' 
the production at the present time is negbgibte. 
In Great Bntam the tendency is also narked. 

The reasons m the two eases are similar, to the 
extent that consumers of chlorine in the form of 
calcium hypochlorite find that technically and 
econonucaUy the production of these solutions 
from liquid chlorme at the place of use is prefer- 
able In the ease of the electrolytic cUonne 
industry m America, the beat ofsummer rendered 
production of bleaching powder a difficult and 
costly operation, and, in addition, the lack of 
sUbibty of ordinary bleaching powder in 
climate caused considerable losses due to 
deterioration of stocks both at the producing and 
consuming works. 

Composition «-Until 1935 the composition of| 
bleaching powder had not been estAbbshed in' 
spite of orer a hundred years of ezpenmeotal 
work, partly on account of the mate complexity 
of tho problem and partly by reason of the 
differences in samples made in different ways. 

From its method of preparation it « 
ongiosUy assumed to be a diract compound of 
. cblonne and lime, hence the name '* chloride of 
hmo ” : but m 1335 Balard postulated 
compound or mixture of equiralent proportions 
of calcium hypochlorite and calcium ebjonde, 
admixed with calcium hydroxide 

Odling, 1861, without any proof, suggested 
the constitution Ca(OCI)CI,wmch was accepted, 
by \-UDge. Tiebappi, and "Kae! becanse they 
found that calcium chlonde as such does not 
exist in bleaching powder, since the substance 
u not deliquescent nor is calcium cblonde 
extracted from it by alcohol. 

Although Kraut (Annalcn, 1SS3. 214, 354) 
suggested the existence of a double salt hypo- 
chlonte-chlonde, the Odling constitution, 
Ca(OCI)CI, was generally accepted until 
recent yearn. The tendency in recent times to 
discredit the Odling constitution arose {rom the 
work of O'Connor, (J.C.S. 1027, 2700). which 
showed the existence of basic hypochlontes in 
the calcium bypochlonte-calcium bydroxide- 
waler system. 

A most important contribution on this subject 
has been made by Bunn, Clark and Clifford 
(Proc. Roy. Soc, 1935, 151, 141), who atUeWed 
the problem by phase rule methods, microscopic 
examination, and X-ray powder photographs. 
They showed that the first stage m the reaction 
13 the formation of the bMic bypochlonte 
Ca(OCI),*2Ca(OH)j. and the basic cblonde 
CaClj’Ca(OH)|'HjO. On further chlonnation 
the former is converted Lnto another substance 
which appears to be a mixed crystal the chief I 
constituent of which is calcium hypocblonte. 

Ordinary bleaching powder containing ahoni 


hypochlorite mixed crystal with basic chloride. 
Farther chlorination resulted partial con- 
version of the basic chloride into the tetra- 
hyilnte CaCI, -414,0, while tb« hypochlonta 
mixed crystal persists. 

The non-deliquescent natura of bleaching 
powder and the difficulty of mtfoducing more 
than 35-37% available chlorine* into the solid 
are due to the presence of basic chlonde, 
CaCI,-Ca(OH),-H,0, which appears to be a 
veiy stable substance, 

^nese results appear to leave tho nature of the 
hypochlorite mixed crystal as the only sub- 
stantial problem that has still to be solved. 

JIanwactubb ot BiiAcmJto Powkeb. — 
Although the produciion of blf*achiBg powder 
IS rapidly declining, many imprc>xements m the 
manufacture have been intrwiuosd. Attention 
has been directed to (i) improveio®of of working 
conditions and labour saving, (b) avoidance of 
coiTosioa of materials, (iu) prodiiction of a drier 
and therefore more stable product. 

fame— The quicklime used niust be of high 
grade if a strong bleaching powder is required. 
Sibca should be low, since calrio™ and mag- 
ne.<iuni silieates interfere with tbo settlmg of 
bleaching powder solutions. Iron compounds, 
being catalysts for the decomp{»8diou of hypo- 
chlorites, are objectionable, hlanganese can, 
under certain conditions, be eonxerted to per- 
manganates and give rise to nn undesired 
purpLsh colour. 

tfand slaking of lime has beeri entirely super 
eeded by various entirely enclosed mechanical 
devices which save labour and prevent nuisance 
from escapmg steam and dust. 

Aithougo the limestone most be well burned 
to prevent excess of inert calcium carbonate, 
a ■' eoft burned ” lune is preferred for bleseh 
making, hloreover, since the chlormation is 
catalysed by water, the elak^ bme should 
conlam an excess ol" tree" water- 
BUachiny Povder Ckambert.—'Th^ traditional 
lead chamber or Weldon chamber process is now 
almost if not quite obsolete. The chambers 
were 10-30 ft. wide, up to 120 ft- Jong, and with 
areas up to 3,000 sq.ft. The height was about 
6J ft. to give reasonable heoa room. The 
floors were tiles or stone flags; tbe sides and 
top were 5 or 6 lb. sheet lead, fasten^ by 
external lead straps on an external timber 
framework. Floor joints were asphalted. 

Tho chambers were preferably erected on 
pillars, 7-10 ft. high, so that the finished bleach 
could bo packed through trap doors m the 
chamber floor. Tho chambers were fitted with 
end doors of iron coated with protective paint. 
** laites ” were provided for the introduction and 
removal of gases. 

The 3-4 in. layer of slaked limC v* os spread by 
shovel and rake. For “ gasamg,” the chambm 
were worked in series of four or more. The 
chlorine entered first a nearly finished chaniMr, 
and tho unabsorbed gas passed in euceeasion 
through other chambers which were further and 
fuitber from being finisbed untd tho whole of 
the chlorme was absorbed. 

When .X chamber was finished, tbe stream of 
^ j, ^ o -....-..chlorme was diverted into the ne** c h am ber. 

35% available chlorme is a mixture of thislTheresidualchlorineiathefiniabedchamberwas 
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removed either by dusting in lime by a Brock 
and Jlinton’s whizzer (B.P. 7199, 1886) or by 
draughting into a freshly limed chamber. In 
Great Britain it is illegal to open or vent to 
atmosphere a chamber containing more than 
grains of chlorine -per cu. ft. of air. 

To overcome difficulties of penetration of 
the chlorine to the bottom of the lime layer, 
other systems of gassing were adopted involving 
the “ turning ” of the lime by hand at a half- 
way stage. 

100% chlorine cannot be used without dilution, 
since the heat of reaction causes the tempera- 
ture to rise higher than 65°, the temperature at 
which the bleaehing powder decomposes 
vigorously. On tho other hand, Weldon 
chambers are not very suitable for the absorption 
of extremely dilute chlorine. This would 
involve a disproportionately small output. 
Worked under tho host conditions tho output 
may be reckoned as 2-2 J lb. of bleaching powder 
per square foot of area per day (Lunge’s “ Sul- 
phuric Acid and Alkab',’’ 3rd ed., vol. 3, p. 618 ; 
21 st Report of Chief Inspector of Alkali Works 
for tho year 1884). 

Various plant have been devised either to 
absorb dilute chlorine or to improve working 
conditions. 

Deacon chlorine because of its low strength 
was absorbed in a shelf chamber plant. Fig. 21, 
consisting of staggered shelves which formed a 
zig-zag path for tho gases. A shallow layer of 
lime was raked on each shelf, the lime being fed 
through holes in tho shelves which were succes- 
sively covered with plates as the shelves were 
charged from tho lowest upwards. 



The Hasenclever plant (B.P. 17012, 1888), 
shown in Figs. 22 and 23, consisted of several 
superimposed iron cylinders fitted with central 
shafts carrying blades. The shafts were driven 
by geared wheels coupled together and the set 
of tho blades caused the lime fed at the gas 



outlet of tho top cyfinder to travel counter- 
current to the ascending dilute chlorine. This 
plant, designed for Deacon chlorine, was used 
for diluted electrolytic chlorine, but like the 
Deacon chambers has been largely displaced by 
the following mechanical plant. 



Bachnan Chambers . — ^This apparatus invented 
hy Nils Backman (G.P. 404768, 1922 ; 435019, 
•'if' 1326) consists ofa number (usually 

right) of superimposed substantially circular 


chambers, on the floors of which the descending 
lime and bleach are made to travel alternately 
from the centre of the floor to the rim and from 
the rim to tho centre, by means of ploughs on 
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rotating arms, m counter current to a stream of 
chlorine. The chamber is constructed of con- 
crete and independent cooling coda are embedded 
in the concrete floors The product by this 
means can be kept at a temperature below 40''C. 

Moore Tebe — ^The Moore rotary tube (B P. 
113457, 1916, Moore and Castner-Kellner Alkah 
Co, Ltd ) u described as a rotating eyimder 
not much shorter than 81) ft long, preferably 
with a suitable fall, and lined with tiles or other 
suitable material, through which hme trareb 
counter-current to chlonne Adr.-mtages 
claimed are the absence from the bleaching 
powder of products of corrosion of iron which 
caos9 iastabehtj’, and reduced niamtenanca 
costa 

Hud'je Tube —Tho Rudge rotary tube (BP ' 
126773, 19IS, Rudge and Umted Alkab Co. 
Ltd ) IS described as a rotatable cyhnder, usually 
60 ft long, earned horizontally on rollers and 
fitted with lifters which cause the Lme to trarcl 
»n counter current to chlorine gas The cj linder 
IS made of mild steel and can be cooled be an 
external water spray where required Also a 
circulatory ajstcra la adopted for the chlonne 
pas With permissive external cooling (see a/so 
Nydegger, G P. 370841, 1920) 

Stable Bleaciiino Powder— The keeping 
oropertiea (stability) of bleaching powder have 
been the object of study since 18^74 In recent 
jears more attention has been paid (o this 
problem with the object of producing a stable 
product. 

In J S Cl 1918,37, 311T, an article by Rettic, 
lA>rram Smith and Ritchie descnliee tests 
with bleaching powder to which qoickLme had 
been added in order to reduce by its slaking 
the free water aad water of crystaUisation of' 


bleaching powder. The product was of lower 
availablo chlonne content but was remarkable 
for its stability (see o/so J.S C.I. 1921, 40. 240T; 
B.P. 242805, 1924, Lamble and Umted Alkali 
Co, Ltd. ; B.P. 349358, 1930). 

In 1925 Conroy, Lamble, Latham and 
Umted Alkali Co , Ltd , devised a proeev* for 
the production of dry and. therefore, stable 
bleaching powder (B P. 246000). Further 
technical improvements in the production of dry 
bleac/ung powder are described in B.P. 317572, 
Moore, Lamble, and I.C.I., Ltd., 1923; and 
B P. 344012, Carter and I C.I , Ltd . 1929 

Stable bleaching powder is pvrticulariy 
desired for use m tropical couatriea, which has 
resulted in the product becoming known in the 
trade as “ Tropical '* bleach A novel process by 
Camghi and Paolini of Societa Elettriea ed 
Elettrochimica del Caffaro for the production of 
dry bleaching powder is desenbed in B P. 
317716, 1928. 362068, 1930; and 365019, 1931, 
accordmg to which hydrated hme in suspension 
in carbon tetrachloride is cfaiorioafed and the 
solvent removed by distiUation, which removes 
the water at the same time The product is 
known as “ Sichlor ” (see also Chem 5Iet. Eng. 
1932. 39. 140; B.P 357933. I.O. Parben- 
fabnken) 

The effect of heating bleaching powder is 
discussed by Ditr (Z Angew. Chem. 1901, J4, 
3. 23. 49. 105). 

The following table gives the composition 
calculated from analyses of various types of 
bleaching powder. Under the heading '* Heat 
Test.'* are given the resultsofheatmgsamples m 
test tubes to 1D0°C for 2 hours, a convenient 
method of comparison of the stability of bleach, 
utg powders. 
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^ Chamber bleach 

3938 

40 10 

70 79 

0 78 






Hascnclever bleach 

36 20 

37 90 

64 80 

2 46 




4 99 


Moore rotary bleach 

36 85 

^9 26 

65 93 

3 36 




5 95 



Rudge rotary bleach 

lO 

1 37 30 

63 98 







Backman bleach 

38 20 

38 90 

68 38 

109 




9 56 


Tropical bleach 

35 85 

39 36 

64 13 

503 

0 73 

26 53 


1-16 

32 75 

Caffiaro bleach 

37 50 

38 97 

67 11 

2 19 

020 

26 48 

100 

1 84 

33 00 


Bleaefitng Potrrfer; Hiat of Formation 

Results expressed as cals, per kg of available 
chlonne. 

0. Nydegger (Chem 3Iet. Eng 1923. 30. 
1141), 205,000 cals 

Neumann and .Mjher (Z. angew. Chem. 1025. 
38.,104), 247,000 cals. 

Neumann and Hauck (Z. Elektrochem. 1926 
32. 27). 252,000 cals. 

The nature of the determination of these 
authontiM was such that little or no water was 
evaporated, but no record of the free water 
content of the Heach was given. 

S/eac/i Liquor. — Bfeach Xiquor is produced! 
in chlonne works for dehveiy within a eircom | 


aenbed area It is also made by solution of 
bleaching powder in water , the large amount of 
sludge remaming may, however, cause difficulty 
m disposal The amount of sludge may be 
reduced by chlorination of the free lime, Lquid 
chlonne teingusedforfhepurpose. Asa further 
step. Bulk of hme may be irectly chlonoated. 
Since 1918, when hquid chlorine has become 
generally available in Great Bntam, these later 
proces'os tend more and more to be adopted, 
prosing more economical. During the prepara- 
tion of bleach hquor decomposition occurs if the 
temperature exceeds 40°C. Evaporation of 
bquid chlorine is utihsed for cooling bv direct 
introdurtiOR of the liquid into milk of hme in 
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cast-iron vessels. In order to obtain complete 
absorption of chlorine in milk of lime a peri- 
pheral speed of 500 ft. per min. for the agitation 
is desirable, and the depth of the chlorinator will 
depend on the quantity of gas to be absorbed in 
unit time. 

A convenient method for the preparation of 
bleach liquors on a small scale (batches of 70 lb. 
chlorine) is by the use of the Golding-Pritchard 
chlorinator (B.P. 233490). The chlorine valve 
is automatically controlled by progress of the 
chlorination, which causes the rise or fall of a 
gas bell. 

In addition to the use of bleach liquor for 
bleaching cellulose, it is used for the removal of 
oxidisablo sulphur bodies from the lighter 
fractions of mineral oil. 

Analysis of Bleach Liquors and Allied Products. 
— The best method for the determination of 
available chlorine is due to Penot. A suitable 
measured quantity of bleach liquor or other 
solution of hypochlorite is titrated with sodium 
arsenife solution in the presence of an excess of 
sodium bicarbonate, the end point being deter- 
mined by spotting, using starch iodide as an 
indicator. 

The alkalinity of hypochlorite solutions is most 
conveniently determined by titration of the 
solution with acid, using phcnolphthnlcin and 
methyl orange as indicators, subsequent to 
destruction of the hypochlorite by means of an 
excess of neutral hydrogen peroxide : 

Ca{0CI)s-h2H20,=CaClj-i-2Hj0-f20j 

An apparatus for the rapid determination of 
available chlorine in weak hypochlorite liquor is 
described by J. M. Taylor, Ind. Chem. 1929, 5, 
135. 

Calcium Hypochlorite,Ca(OCI)2.-CiystaI- 
lino calcium hypochlorite was first prepared by 
Kingzett (J.C.S. 1875, 28, 404; Chem. News, 
1875, 32, 22; 1882, 46, 120) by evaporation 
or freezing of bleaching powder solutions (see 
also Orton and Jones, J.C.S. 1909, 95, 761 ; 
Proc. Chem. Soo. 1909, 25, 74). It crystallises 
from water in minute needles with 3 mols. of 
water of crystallisation (Urano, Trans. Elcctro- 
chem. Soc. 1926, 49, 05; O’Connor, J.C.S. 
1027, 2700). The solubility of calcium hypo- 
chlorite in water at 0°C. is 21'8%. With 
hydrated lime calcium h3’pochlorito forms 
basin lo-pochlorites, Ca(OCIj)-3Ca(OH)2 and 
Ca(OCl)-'2Ca(OH)2, "'hich are less soluble 
than calcium hypochlorite. Sec O’Connor 
(l.e.), who studied the sj’stem 

Ca(OCI)2/Ca(OH)2. 

The available chlorine content of bleaching 
powder (3.5-37% commercial standard) com- 
pares very unfavourablj' with pure calcium 
hypochlorite (99-2%). 

Since 1906 the large number of patents 
and the verj’ appreciable volume of work 
indicate the interest of the chemical industry in 
the production of pure calcium h^'pochlorite. 
live successful exploitation of this work is due 
chicflj’ to Chemischo Pabrik Grieshcim-Elcktron, 
I G., who market a product known ns “Per- 
chloron," which contains approximately 75% 
available chlorine. Gricshcim-Elektron, (G.P. 


188524, 1906, and B.P. 8476, 1907), describe 
the chlorination of milk of lime nearly to 
saturation and concentration of the filtrate in 
vacuo. Crystals of calcium hj'pochloritc hydrate 
separate out, are filtered, and then dried in 
vacuo {sec also B.P. 17859, 1914, and G.P. 
282746, 1913). The product is said to contain 
80-90% available chlorine and to bo more stable 
than bleaching powder. 

Mathieson AUcali Works Inc. market a pro- 
duct H.T.H. (High Test Hj’pochloritc) which 
contains upward of 60% available chlorine 
(Gage, Chem. Jlot. Eng. 1929, 38, 295). 

In B.P. 317233, 1928 (Mathieson Alkali Wor^ 
Inc.), it is stated that calcium hypochlorite in 
pure form is relatively stable, hut the presence 
of calcium chloride in substantial amount makes 
it relatively unstable, owing to the hygroscopic 
properties of the salt. 

The low solubility of basic calcium hjqio- 
chlorite may be used in the production of cal- 
cium hjq)ochlorite to remove calcium chloride 
from the product at an intermediate stage : 

(1) 6Ca(OH)2-l-2CU 

=Ca(0CI)2-3Ca(0H)2-l-CaCl2-l-2H20 

(2) 2[Ca(OCI)2-3Ca(OH)2]+6Cl2 

=5Ca(OCl)2-t-3CaCl2-f BHjO 

The preparation of basic calcium hjqjochlorite 
is described in G.P. 195896, 1907, and 373847, 
1921, B.P. 182927, 1921, and 188662, 1922, 
of Gricshcim-Elektron ; and its isolation by 
centrifuging is described in G.P. 451665, 1926, 
B.P. 276307, 1927, also of Griesheim-Elektron. 
A product containing approximately 40% avail- 
able chlorine and 5-15% of water is obtained. 

Dry basic hypochlorite has been sold under 
the name of “ Basogrelit.” The chlorination of 
basic calcium hj-pochlorite in aqueous suspension 
j’ields calcium hj’pochlorite w’hich separates out 
under suitable conditions in crystalline form 
(G.P. 195896, 1907; F.P. 370863, 1906; U.S.P. 
934467, 1906; and B.P. 24101, 1906). Urano 
and Imai (B.P. 266180, 1926) describe the pro- 
duction of basic calcium hypochlorite by the 
addition of the requisite quantity of lime to a 
clear solution of bleaching powder and concen- 
tration in vacuo. In B.P. 266181, 1926, the same 
inventors treated the basic salt obtained accord- 
ing to the previous patent with water, filtered 
off the lime and obtained calcium hj-pochlorite 
by concentration in vacuo. The dried product 
contained 90-99% available chlorine. 

F. N. Kitchen and I.C.I., Ltd. (B.P. 378847, 
1931), and F. T. Meehan, F. N. Kitchen, and 
LC.I., Ltd. (B.P. 404627, 1932) describe cyclic 
proces-scs for the production of normal calcium 
hj’pochloritc bj- separation of either monobasic 
calcium hj-pochlorite or dib.asio calcium hj’po- 
chlorito as an intermediate stage. The mother 
liquor is rejected. The separated basic calcium 
hj’pochlorito is subsequently chlorinated in the 
pre.scnco of additional water to produce solid 
normal calcium hj’pochlorite. The mother 
liquor separated from the crystals of normal 
calcium hj’pochlorite is recirculated to the first 
stage in the process, where it is mixed with 
additmnal lime slurry. The dried product 
contains 75% or more available chlorine. 



C4 CIILC 

A 6cri« of pat«nL^ by ilathieson Alb&li 
Works Ine. describes the prodaction of ealcioin 
hypochlorite by centralisation of hypochloroos 
acid with millc of lime. HypochJorons acid » 
prodnced by chlorination of a suspenaon of 
calcium carbonate. The aqueous solution is 
extracted with carbon tetrachloride (containing 
2% alcohol) or amyl alcohol (U.S.P. 14SI039. 
19.'4; U.SJ’. 1481010. 1924; n.S.P. 1632483. 
1927; B.P. 195366, 1923: B.P. 216450. 1923). 
The chlorme may be removed as a aohd organic 
derivative sneh as acetochloroanihde, whidi 
reacts slowly with water to give hypochloroos 
acid (U.S.P. 1609328. 1926). 

llathieaon Alkali Works Inc, has a senes of 
patents for the production of calcium hypo- 
cblonte which are based on the addition of 
alkah either as canstie soda or sodium hypo 
chlonte to hme or chlorinated lime suspensions. 
In this way calcium chlonde is replaced by 
sodium chlonde, which results in easier removd 
and ponfication of the sohd phase* 
2Ca(0H),+2CI,=Ca(0CI)j+CaCI,+2H,0 
CaCl,-l-2NaOH =Ca(OH),+2NaCl 
CaCI,-f2NaOCt=Ca(OCI)j-«-2NaCi 

The sohd phase consists essentially of calcium 
hypochlonte hydrate and sodium chlonde, and a 
prMuet ofhigb available chlonne content can be 
obUiaed, which u prtsamably dned in eocuo 
(G.P. 473924. 473923. 473975, 473976. 474080, 
474220, 477333; B.P. 314447, 321230, 321720, 
323203; 1927>ig28) 

An analysis of the Mathieson product b: 


Available chlorine 
CaCI| . . . 
Free lime 
Inert constituents 
Water . . . 


(Gage. Cheni llet. Eng. 1929, 36, 293). 

The production of a triple salt, 

Ca(OCI)j.NaOCI.NaCI,12H,0. 
by the addition of sodium chlonde to a solution 
made by chlonnation of lime is desenbed 
B P. 317437,319727, 320182, 1927, of iUthiesoa 
Alkah Wor^ Inc. 

The use of caustic soda to displace some of the 
hme used in the process of manufacture of 
calcium hypochlonte would appear to result 
an increa^ cost of manufacture. 

The obvious difficulties in the manufacture of 
calcium hypochlonte are : 

(1) The chlorination of a cream of lime, 
cream of hme which is fauly fluid becomes 
thicker as tbe formation of basic calcium hypo*' 
chlonte takes place until it has the consistency 
of pomdge. Further chlonnation to calcium 
hypochlonte causes an increase in fluidity. 
Great care is essential if decomposition ofl 
hypochlonte to chlorate is to be avoided. 

(2) Calaum hj-pochlonte hydrate in the form 
of fine needles must be fr^ from a fairly 
concentrated solution of calcium chlonde if a 
high-test final product is to bo obtained. The 
operation presents considerable difficulty. 

(3) The mateiiab of construction of the plant ; 


roust be selected to prevent the product becom. 

_ contaminated with catalytic bodies which 
would cause decomposition, e g. salts of iron, 
nickel, etc. 

(4) Drying of the filter cake niusl be carried 
out at low temperature, otherwise decomposition 
ainular to that of bleaching powder on heatmg 
will take place (Ditz, Z. angew, Chem. 1901, 
14. 3. 25, 49. 105). 

■■ Maxoclor,” a calcium hypochlonte product 
taining 75% or more of available chlonne, is 
manufactured in England by Imjierial Chemical 
Industriea, Ltd. “ Perchloron ”is manufactured 
in U.S.A. by Pennsylvania Co, at Wyandotte 
(Chcm.-Ztg.. Oct. 1931, 780). 

Manufacture of calcium hypochlonte is carriet! 

it in Japan by Kojimachi.Ku Co. (World 
TVade Notes on Chemicals, Feb. 1931, p. 2). 

Potassium Hypochlorite Solution 
(Chlonde of Potash or Eau de Javelle). — This 
liquor was first made in 1789 at the Javel 
Works near Pans, and was the first bleaching 
compound known. It was then made by passing 
chlorine into a solution of potashes (crude 
potassium carbonate) in eigbt parts of 
water. It is no longer used, having l^n 

^phced by the cheaper sodium and calcium 
hypocblontes. 

Sodium Hypochlonte Solution (Eau de 
liibamque, usually called Eau de Javelle) — 
As originally prepared, by passing chlorine into 
a eolotion of sodium carbonate until tbe kquid 
began to effervesce, sodium hypochlonte 
solution was very unstsble. This high instability 
was caused by tbe presence of substantial 
anountsof hypochlorousacid, nhicb is a weaker 
and than carbome acid. 

Hypochlonte of soda solution is now prepared 
by one of tbe three following processes . 

1. By double decomposition of calcium 
bypocUonte and sodium carbonate or sulphate 
wiib precipitetioD o! tbe calcium as carbonate 
or eulphete : 

Ca(OCl),-l-CaCl,-f2Na,CO, 

=2CaCO,-|-2N«OCI-i-2NaCi 

The calcium hypochlorite may be aa bleaching 
powder or aa one of the modem ” high strength ” 
calcium hypochlontea. This method is usually 
adopted for bleaching purposes m smaller 
factories. 

2. By passing chlonne into a aolutioa of 
caostic aoda untJ nearly all the soda is chlonn* 
ated: 


Cl,-l-2NaOH = NaOCI-l-NaCI+H»0 

Subetantial amounts of this solution are made 
at electrolytic alkali works, and sold at strengths 
of 10-15% available chlonne. Sodium hypo- 
chlonte may, however, be conveniently prepared 
t» eita from sodium hydroxide solution and 
hquid chlonne. 

It has been found necessary to leave a small 
amount of free sodium hydroxide, say 0 3%, 
in order to make the solution stable. 

3 By electrolysis of bnne solution. Under 
Production of CUonoe, electrolytic cells devised 
to liberate chlorine from common salt solution 
have been discussed. In the case of the prepara- 
tion of sodium hypochlonte there is no necessity 
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•when the clcctrol.vsn starts to keep the rnnin 
prodiKts, chlorine and caustic soda, apart ; 
indeed, tlicy must Ijo brought together. This 
eontravenes the generalisation that the pro- 
ducts of electrolysis must be kept separate in 
the cell and. consequently, n .sodium hypo- 
chlorite tell compares reiy unfavourably with 
the thlorine cell with subsequent recombination 
of chlorine and caustic soda outside the cell. 

As in chlorine cells (excluding those with 
mercury cathodes) the primary products of the 
elettrolysis arc hydrogen and cau.stie soda at 
the eathode, and chlorine at the anode. With the 
miving of eatholyte and aiiolyte, sodium hypo- 
thlontc is formed ; 

Clj-b20H'=CI'-f OCI'-l-HjO 
or Clj-f2NaOH-=NaCl-f NaOCl-i-HsO. 

Since sodium chloride is reformed, the net 
reaction 

NaCI+HjO-NaOCl-l-Hj 

is the result of the passage of two faradays. 
A number of side reactions are important. Since, 
in spile of mixing, there will be an excess of 
chlorine near the anode, sodium chlorate will be 
formed themically : 

2HCIO-t-CIO'=-CIO/-t-2CI'-}-2H-; 

but, at ordinary working temperatures, this 
reaction is slow and unimportant. Electrolytic 
reactions arc more important. At the cathode, 
hypochlorite is reduced by the nascent hydro- 
gen : 

C10'-1-2H‘=CI'-1-Hj0 

The effects of this reaction may be lessened 
by the addition of potassium chromate, a vana- 
dium salt, sodium rcsinnte, or Turkey red oil 
in presence of calcium salts. Tlieso agents 
appear to yield a thin porous diaphragm round 
the cathode and so prevent the bulk of the 
solution from coming into contact with the active 
hydrogen. 

If the hj'pochlorito ion concentration in the 
anode layer becomes appreciable hypochlorite 
ions will bo released. According to Foerster 
and Miillor (Z. Elcktrochcm. 1902, 8, C05), the 
net reaction is : 

eCI0'-f3H„0 

‘ =6H-+2CI03'-f4CI'-Hi0j-p6e 

This reaction limits the hypochlorite con- 
centration attainable, although loss may bo 
minimised, at the expense of the lesser evil of 
chemical formation of chlorate, by not mixing 
ciliciently in the immediate neighbourhood of I 
the anode. Moreover, since the ratio of chloride 
to hypochlorite must bo kept high, a large 
consumption of salt is nccc.ssnry. 

Allinand and Ellingham (“ Applied Electro- 
Chemistry,’’ Ixindon, 1924, p. 375) summarise 
the most favourable conditions for the electro- 
cheniicnl jirodiiction of hypochlorite solutions 
as: 

(1) An electrode arrangement which will 
ixrmit of an undisturbed dilTusion layer being 
formed at the anode. 

(2) A neutral electrolyte. 
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(3) Strong NaCI solution, both to lower the 
resistance and to permit the production of 
stronger hypochlorite solutions. 

(4) Low temperature. 

(5) High anodic current density. 

(G) Presence of potassium chromate. 

(7) Use of platinised platinum electrodes. 

In spite of the very formidable difficulties, 
several technical cells have been developed for 
use in districts where sodium hypochlorite or 
liquid chlorine is not readily available. 

Kelher Cell : Vertical Type (Fig. 24).— This 
cell, now obsolete, consisted of a stoneware 
vessel divided into a number of small compart- 
ments by glass plates fitting into small grooves 
in its sides. The glass plates were wound with 
platinum-iridium wire, which formed bipolar 
electrodes. The electrolyte was circulated 
rapidly through the cell and a cooling coil. 



Fia, 24. 


The Ilaas-OcUel Cell consists of a rectangular 
box divided into small compartments by a 
series of vertical bipolar graphite electrodes set 
in grooves. The cloctrolyser stands in a tank 
of brine and circulation is effected automatically 
by the gas evolution. 

The Schucherl Cell is a large stoneware 
trough divided into 8 to 10 compartments by 
means of vertical glass plates. The bipolar 
electrodes may be all carbon or half may be 
carbon and the other half platinum-iridium foil. 
Circulation is by means of the hydrogen evolved 
and is through all compartments in scries, thus 
differing from the Kellner vertical and Haas- 
Ocltel cells, where several passages through one 
compartment arc obtained. Some types of 
Schuckert cell are provided with alternate 
cooling compartments. 

Kellner Cell : Horizontal Type (G.P. 165480, 
1902), — This cell consists of a long concrete 
trough divided into compartments by vertical 
plates of glass. The compartments are arranged 
ns a cascade and the horizontal electrodes of 
pintinum-iridium are bipolar, acting as cathode 
in one compartment and as anode in the next. 
The electrodes pass beneath the glass divisions 
and the cathode is above the anode. The 
electrolyte flows by gravity through all the 
compartments in series (Fig. 25). 
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Cpmpanton p/ CiUt — Tba following tabl« is j 
bas^ on figures girea by AUmand and Elluig*' 
ham (op. ei/.). 

Grains avail, lew his. TonsofsaK 
CI 4 per per ton of perton^ 
Typo Utre avail Q|. avaiL Oj 

Kellner (vertical) 12 6,600 12-5 

Haas-Oettel . .12 3 6,500 14 

Scbuckert . , . 20 6,100 7 5 

Kellner (horizontal) 25 6,100 6 

16 trill be seen that nortooUy these cells caniiot 
compete with sodium hypochlorite or liquid 
chlorine produred by an alkali works. 

For further details, see AUmand and EUing- 
ham (op eit ) ; or the article " Hypochlorite 
and elektrwcha BJeiche,” by Bilhter and 
Fuchs, in VoL 2, part 2, of Engelhardt’a ** Hand- 
buch der techniachen Elektroeheime ” ; Kurt 
Arndt, “ Tcchniaehe EleLtrochemie.** 

Vtes 0 / Sodium Hypoehtonle Solutions — I 
The chief use of eodima hypochlonfe aolntion ' 




is the bleaching of high quality fabnea made 
from vegetable fibres. It is also used in 
laundries. Sodium hypochlonte solution 
possesses strong germicidal powers and ia used 
very extensively os a disinfectant. It is also used 
in the production of unshrinkable woollen goods 
Chlorates. — The chlormation of hot alkali 
solutions gives u mixture of chloride and 
chlorate in the molecular ratio of 5 to 1 , accord- 
ing to the equation : 

6K0H+3CI,=6KCI-l-KCIO,-l-3H|O 
This contrasts with the reaction in the cold 
to give hypochlorite i 

2KOH-i-Clt-KC10+KCI-bH,0; 
but heating the hypochlorite solution after 
neutralisation of the residual alkalinity causes 
decomposition to chlorate. Empincally the 
reaction may be written 

3KCIO-KCIO,-h2KCI. 


but the actual mechanism is possibly very 
complex. 

mIwdtactcee or Chlorates. — 1. Chemical 
Uetboos — Onginally potasainm chlorate was 
manufactured by chlorination of potassium 
hydroxide solution, but this process was 
abandoned owing to the conversion of over 
five sixths of the expensive potassium uto 
relatively useless potassiuta chloride. A 
suggestion of Liebig led to the adoption of a 
process dependmg on the chlorination of mlltr 
of lime to calcium chlorate and calcium chloride, 
6Ca(OH),-f6C1. 

=3Ca(OCI),-}-3CaCI,-b6H,0, 
3Ca(OCI)2<»Ca{CIOj)i-f2CaC>2, 
followed by double decomposition of the 
calcium chlorate with potassium chloride to 
give potassium chlorate ; 

Ca(CIOs)*-l-2KCl=CaCl,-f2KCIO, 

Since calcium chlorate, calcium chloride, and 
potassium chloride are all very soluble in 
water, and potassium chlorate ia only sparinglv 
eolublc. the reaction could be carri^ out with 
little loss of potassium chloride. 

The first stage, the preparation of calcium 
hypocUorite solution, was carried out in 
caat-iron vessels The temperature was kept 
below 35“C. io decrease the decmaposition of the 
hypochlonte to chloride and oxygen, 
Ca(OCI),«CaCI,'i-Ot, 
a reaction catalysed by iron salts. 

When all the lime was neutralised spoil- 
taoeous decoowition to chlorate took place 
with considerable nse m temperature. The 
crude solution of calcium chlorate and calcium 
cbtonde was concentrated and settled or filtered. 
After addition of a sLght excess of potassium 
chlond# aolstroR, the serlBtloa was once more 
concentrated, settled, and the clear solution 
cooled. The crude potassium chlorate was 
purified by recrystaUisation. 

Two important vanations of this process 
were wori^ out In the P^hiney process the 
onginal solution of calcium chlorate and calcium 
chloride was concentrated until a considerable 
amount of the calcium chloride had crystallised 
out (probably as CaCl^.fiH^O] In this way 
the amount of calcium chloride remaining in 
eolutiou could be reduced to a molecular ratio 
CaClj'Ca(CIO |)2 0 f 1-2 ; I. There was,' there- 
fore, a greatly decreased bulk of calcium chloride 
solution with consequent decreased losses of 
potassium salts in the mother liquors. 

Id the hluspratt process magnesia was used 
instead of lime. The molecular ratio of chloride 
to chlorate was only about 5-1 : 1, as against 
5 3:1 for the lime process. The liquor was 
evaporated and magnesium chloride bexa- 
hydrate crystallised out until the molecular 
ratio of chlonde to chlorate in the solution fell 
to 2 8:1. After double decomposition of the 
magnesium chlorate with potassium chloride 
and cO^talhsation of the potassium chlorate, 
magnesium chloride was recovered from the 
mother liquors. This process had two serious 
disadvantages : 
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(1) Tho mngtiMium chloride could not bo sold 
profit.iltly. 

(2) Mngnesinm chlorido solutions are very 
corrosive. 

Sodium Chlorate. — Owing to the great solu- 
bility of sodium chlorate, manufacture by 
cliemicnl methods presented considerable 
dilbrultics. 

Ptchincy Procets. — The chlorate-ricii solution 
obtained in the Pdchincy process for potassium 
chlorate was treated with solutions of sodium 
siilpliate, precipitating all the calcium as 
calcium sulphate. The solution of sodium 
chlorido and sodium chlorate was concentrated 
by evaporation with separation of most of the 
sodium ehlorido. The solubility of sodium 
chlorate increases rapidly with increasing 
teraperaturo, but the solubility of sodium 
chlorido increases little. Cooling of the chlorate- 
rich solution, therefore, yielded sodium chlorate 
containing relatively little sodium chlorido. 

Mvsprall Process (see above). — The liquors, 
containing magnesium chlorate and reduced 
amounts of magnesium chlorido, obtained as in 
the process for pota-ssium chlorate, were treated 
with sodium carbonate to precipitate all the 
magnesium as basic magnesium carbonate, 
which was used to prepare magnesia for the 
initial chlorination. The solution of sodium 
chlorido and sodium chlorate was worked up as 
in the P6chincy process. 

The chemical methods for the manufacture 
of chlorates have been superseded by the 
electrochemical methods. 

2. ELncTiiocnEMiCAi. Jlnxirons. — Under 
sodium hypochlorite (g.v.) it has been shown 
that chlorate may bo formed clcctrochemically 
by the reaction : 

eClO'-bSHjO 

--6H‘-f-2CI03'-f4CI'-f1J02l-6c (i) 
or chcraically by the reaction : 

2HCI0-bCI0'=CI03'-l-2CI'-l-2H’ (ii) 

These two reactions are the basic reactions in 
the two tj-pcs of cell which have been developed 
for the production of chlorates. 

(i) Plcctrolysis of Alkaline Alkali Chloride 
Solulions. — Consideration of the reaction (i) 
above with the neccssaiy previous reactions, 

12Cl'-eClj-}-12c. 

6Clj+60H'«=6d0'-(-6CI'-l-6H-, 

shows that, since hypochlorite is both formed 
and decomposed by electrochemical reactions, 
the formation of C gram-ions of chlorate is the 
result of the pas.sago of eighteen faradays, of 
which twelve arc used to produce active oxygen 
in the form of chlorate and si.x yield ga.seous 
oxygen. The maximum current efficiency is, 
therefore, 00-7%. Moreover, since hypochlorous 
arid i« an extremely svenk acid and a maximum 
concentration of hypochlorite ions at the anode 
is (lesirable, the alkali chlorido solution must be 
alkaline. If the alkalinity is excessive, trouble 
is experiencctl owing to the direct discharge of 
hydroxyl ions at the ano<lc. 

(Inll and dc Montlaur (B.P. dC8G, 18S7) 
described a jirocoss for the production of 
alkali chlorates. A stoneware trough was 
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divided by a porous asbestos diaphragm. Tlie 
cathodes were made of iron, or preferably 
nickel; the anodes were of platinum-iridium 
foil. The current density was 50 amps, per 
square decimeter, and the voltage I-o to 5-0. 

Althovigh, according to Billitcr ("Tcchn. 
Elektrochemie,” II, 358), the current efficiency 
was only of the order of 25%, this process had 
considerable commercial success owing to its 
simplicity and the availability of very cheap 
power. 

Hurtcr (B.P. 1539G, 1893) also described a 
cell for the production of potassium chlorate, 
by tho electrolysis of alkaline potassium chloride 
solutions. 

These processes have now been completely 
superseded by processes involving tho 
electrolysis of acidic alkali chlorido solutions. 

(ii) Electrolysis of Acidic Alkali Chloride 
Solutions. — Tho basic reaction of the production 
of chlorates by tho electrolysis of aeid solutions 
of alkali chlorides is shown by equation (ii) above. 

Tills reaction prececds extremely slowly in 
alkaline solution owing to the neutralisation of 
tho hypochlorous acid. Hypochlorous acid, is, 
however, a verj' weak acid, and tlie formation of 
chlorate may bo considerably accelerated by 
making tho solution weakly acidic. Moreover, 
tho temperature coefficient of tho velocity of 
reaction is high, so that increase in temperatiiro 
causes a very great increase in the rate of forma- 
tion of chlorate. Since formation of chlorate bj' 
tho discharge of hypochlorite ions is disadvan- 
tageous (wasting energy), it is desirable to have a 
largo volume of electrolyte oomparod with 
electrode area or total current, ns the chemical 
formation of chlornto proceeds throughout tho 
clcctrolyto, and is not restricted to tho neigh- 
bourhood of tho electrodes. Cathodic reduction 
is best avoided by tho addition of a small amount 
of potassium chromate. 

Originally platinum or platinum alloys xvero 
extensively used as anodes. Graphite is 
rapidly attacked at tho high temperatures 
(80“-90'’C.) originally employed, but the very 
great fluctuations in the price of platinum have 
led to tho uso of graphite at relatively low 
temperatures (40'C.). 

1. Barker Cell. — In tho cell dex-elopcd by 
J. T. Barker for the United Alkali Co., tho 
container is n narrow iron trough, tho lower 
part being covered with cement. Tho cathode 
consists of the e.xposcd part of the iron trough 
and a central iron cooling coil. Tho anodes are 
vertical, cylindrical graphite rods. To decrease 
oxidation of tho anodes, tho graphite is impreg- 
nated with paraffin wax or other inert organic 
material. _ Tho cell top is a plate of an asbestos 
composition and tho anodes are supported by 
ebonite rods passing through the tops of tho 
graphite and resting across the top of the trough. 

A 1,500-nmp. cell is about 8 ft. long, 4 ft. 
deep, and 8 in. wide. The working temperature 
is about 40°C (Fig. 26). 

2. Au.ssiejer Vercin Cell.— In this cell sj)ccial 
attention has been paid to the use of a largo 
volume of electrolyte for a given electrode area, 
so that the chemical production of chlorate mav 
bo accelerated while electrolytic discharge o‘f 
hypochlorite ions is hindered.' Only the lowest 
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quarter of the concrete trough is occupied by ths 
electrodes which consist of alternate graphite 
slab anodes and iron stnp cathodes All the 
anodes are connected to a graphite block, from 
which a graphite rod rises to above the electro- 
lyte The cathode connectioa is an iron bar 
passing throuzh the side of the cell to which the 
individual cathodes are fastened. 

3. Angd Cell — In this cell also the volume of 
electroljle is large, but the electrodes are 
suspended at the top of the ceU with the apace 
for thechemical rcactionat the bottom Graphite 
anodes and iron cathodes are used, and a special 
feature of the cell is the setting of the cathodes 
relevant to the anodes If the electrodes are 
set parallel, their resistance causes most of the 
current to pass between the tops of the elec 
tfodes, with consequent rapid dcstrnctionof the 
tops of the graphite anodes. In the Angel cell, 
therefore, the iron cathodes are set at an angle 
so that the distance from the anode is greater 


at the top of the electrode than at the bottom, 
llus gives more even w ear and longer life of the 
anodes. 

The cell container is either iron or lead- 
covered iron. The temperature is maintained 
at 40®-50°C. by circulation of the electrolyte. 

Safety Precautions in the Manufacture and 
Oee of Chlorates —Owing to the very high 
proportion of available oxygen, chlorates are 
dangerous in contact with combustible materials. 
In Great Britain special washed clothing must 
be provided for every worker engaged in 
crystallising or gnndmg chlorates. The use of 
wooden vessels for crystallioing potassium 
chlorate has m the past led to disastrous dres 
and explwions. 

Uses of Chlorates —Chlorates have been used 
in the manufacture of matches and e.vplosircs 
and in the development of dyes. A recently 
developed use is that of sodium chlorate as a 
relatively non-tosic weed killer, but a dis- 
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advantage is the nsk of fire when wood or other 
combustible material is left in contact with these 
substances 

Perchlorates. — Although potassium and 
ammonium perchlorates are technically more 
important than the hygroscopic sodinm per- 
chlorate, sodium chlorate is the usual raw 
material since its great solubility is advantageous 
for the electrolytic preparation of sodium per- 
chlorate Although the empirical sum of the 
ccU reactions may be written 

NaClOj-f H,0 = NaCI0«-l-H,. 
the actual mechanism of the reactions is very 
complex, chlorites being probably formed as an 
intermevliate, while chlondes are inevitable by 
products of the reactions The mechanism of 
this formation has been represented as the 
result of. 

(i) cathodic reduction of chlorate, 

(u) chemical decomposition of chlorate, 

4NaCIOj=3NaC10^+NaCI, 

(lii) the reactions 

2HCIO,= HClO,-l-HCIO 
3HC10 =HCIO,-^2HCl 
The second of these possibilities is probably 
quite ummportant. 


As electrolyte a concentrated solution (6I>- 
70%) of eo^um chlorate is used. The cathodes 
are iron and the anodes amooth platinum. A 
Very high anode potential is essential and, 
therefore, graphite and magnetite are unsuitable. 
Normal cathode current densities of 10-20 amps, 
per sqaare decimetre are used, but the anode 
current densities are extremely high, ranging 
from 30 to 70 amps per square decimetre. 
Originally low temperatures were used, hut 
modem practice allows temperatures os high as 

wrc. 

The discharge of perchlorate ions, with con- 
sequent release of oxygen and drop in current 
eflEciency, is not serious until very high per- 
chlorate chlorate ion ratios are reached. This 
fact IS important, since potassium perchlorate 
and potassium chlorate form mixed crystals, and 
a very high sodium perchlorate sodium chlorate 
ratio must, therefore, bo obtained in the electro- 
lytic celL 

In practice, current efficiencies arc about 80- 
00 %. 

Perchlorates are used extensively in some 
types of explosives. In recent years pcrchlono 
acid has b<Kn used as an important analytical 
reagent (e.CitEscicALAyALrsis, Vol. IT, p. 5Sid). 
and magnesium perchlorate) anhydront) as a 
drying agent m analysis. 
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424 ; Eoerster, “ Elcktrochemie wasscriger 
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Hydrochloric Acid. — Commercial hydro- 
chloric acid is a more or less pure solution of 
hydrogen chloride, HCI, in water. 

Hydrogen Chloride is a colourlc.s.s gas, of 
sp.gr. l-2r)90 (nir=l) and molecular weight 
36-404. Itsm.p.is -lll-4^C.and b.p. -850°C., 
and its critical constants are : temperature, 
51-.5‘'C. ; prc.saurc, 81-0 atmospheres; density, 
0-424. \’apour pressures greater than one 
atmo.sphcre are given by the formula 

l«Eio 7>=7-09- -0-010.5T-f0-000014T2 

where T is the absolute temperature. 

'riio heat of formation of a gram-nioiccule of 
liydrogen ehloride i,s 22,000 cals. 

Hydrogen chloride is very soluble in water, 
the solution being commonly known ns hydro- 
chloric acid, muriatic acid, or spirits of salt. 

The following tables are abstracted from 
“International Critical Tables,” to which refer- 
ence should bo malic for more detailed statements 
of physical properties. 


■5 

I)cn<i|t.v (;;. lu-r nilllllltrc) ot 

c, t* t 

O’C. 

lO’C. 

20‘C. 

fiOT. 

lOO'C. 

1 

1-0052 

1-0048 

1-0032 

0-9929 

0-9630 

o 

1-0106 


1-0082 

0-9977 


4 

1-0213 


1-0181 

■ ^ \ 

0-9791 

6 

1-0310 

1-0303 

1-0279 



8 

1-0 1-23 

1-0103 

1-0370 

B \ 

0-9992 

10 

1-0528 

1-0504 

1-0174 

B ^ ' 


12 

1-0634 


1-0574 

B 1 


14 

1-0741 

1-0711 

1-0675 

B m i 


16 

1-OS49 

1-0815 

1-0770 

B 1 


18 

1-0958 

1-0920 

1-0878 

1-0743 

Q ' i 

20 

1-1067 

1-1025 

1-09SO 

1-0840 

M ' 


1-1177 

1-1131 

M0S3 


^ 1 

24 

1-1287 

1-1238 

1-1)87 



•26 

1-1396 

1-1344 

1-1-290 

1-1129 

^ ! 1 

28 

1-1.505 

1-1449 

1-1392 

1-1224 

1-0942 

30 

1-1013 

1-15,53 

1-1493 

1-1318 


32 



1-1593 



34 



1-1091 



36 



1-1789 



38 



MSS5 



40 



1-1980 




Eor dcn.silv determinations by livdrometers, 
ffc B.S.S. 718. 1936. 


69 


Vapour Pressures of Hydrogen Chloride 
Solutions at 2o‘’C. 


Wciglit percent- 

Partial pressure of 

Partial prcssiu-e of 

age of HCI, 

water in mm. Hg. 

HCI 111 mm. Hg. 

0 

21-8 

0-00131 

10 

20-0 

00007 

14 

18-0 

0-0316 

18 

15-4 

0-148 

20 

14-1 

0-32 

22 

12-6 

0-68 

24 

11-4 

1-49 

26 

9-95 

3-20 

28 

8-75 

7-05 

30 

7-52 

15-1 

32 

0-37 

32-5 

34 

5-35 

08-5 

36 

4-41 

142 

38 

3-60 

277 

40 

2-88 

515 


The behaviour of aqueous solutions of HCI 
under varying conditions of temperature and 
pressure has been studied by Roscoe and 
Dittmar (J.C.S. 1860, 12, 128). They found 
that concentrated hydrochloric acid on heating 
loses both gas and water, but as the proportion 
of HCI to HjO is higher in the vapour than 
in the original liquid, the residual liquid 
gradually becomes weaker, until a sp.gr. 
of TlOl and a percentage of 20-24 HCI aro 
attained at a boiling temperature of 1 10° ; 
the acid in this state distils without change, 
provided the atmospheric pressure is 760 mm. 
At a lower pressure the acid distilling unchanged 
is stronger, at a higher pressure it is weaker. A 
similar, but not identical, limit is attained when 
strong acid is c.vposcd to the air at ordinary 
temperatures. 

The table (p. lOa) from Lunge and Hurter, 
“Alkali-Maker’s Pocket Book,” 1884, gives the 
percentages of HCI in aqueous hydrochloric 
acid of various •spcoific gravities and at a 
temperature of 1.5°. 

Lunge and Hurler’s “ Alkali-JIaker’s Hand- 
book” 1891 gives somewhat lower figures. The 
(able in the right-hand column of p. 70 gives 
corrections of the hydrometer readings for 
varying temperatures. 

The Alainifacturc of Hydrochloric Acid . — 
The Leblanc soda process, which had been 
gradually diminishing in importance .since 1902 
in Great Britain, censed to be operated in 1920, 
although considerable quantities of saltcuke aro 
still manufactured for the sulphate pulp, glass 
making, and sodium sulphide processes (sec 
” Jlerscy.sidc,” S.C.I., Liverpool, 1924). This 
decline of the lAiblano process jirovided a 
growing output for hydrochloric acid produced 
from electrolytic chlorine and hydrogen. 
There was a rapid increase in the manufacture 
of hydrochloric acid produced by combu.stion 
of chlorine in hydrogen which had been already 
commenced by C.astncr-Kcllncr .Alkali Co', 
Ltd., in 1912. This combustion on the principle 
of the Bunsen burner may bo carried out in open 
or closed burners with an e.xecss of hydrogen. 
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8 10 
9 10 
10-09 
1109 

12 09 

13 03 

14 03 

15 03 

16 07 

17 07 

18 07 

19 07 

20 06 
21 06 
22 00 
23 05 

' 24 05 
, 20 03 
, 26 04 
I 27 04 
23 04 
' 1 145 I 29 03 
{ 1 100 30 03 


1 100 
1 ItX) 
1 ICO 
1 170 
1 170 


3103 I 

32 02 

33 02 

34 02 
30 01 


Grams 

HCI 

per litre 

1 cubic 
foot 
weigha 
lb. 

1 etibtc 
foot con- 
tains lb. 
ofHCL 

II 32 

62 66 

070 

21-45 

62 97 

1 34 

31 67 

63 29 


41 99 

63 60 

2 61 

52-41 

63 91 

3 26 

62 93 

64 22 

3 92 

73 55 

&1S3 

4 58 

84 27 

64 84 

S25 

05 09 

65 16 

6 93 

106 01 

65 47 

6 61 

117 02 

65 48 

731 

128-14 

66 09 

600 

139 36 

66 40 

8 69 

150 68 

66 71 

6 40 

162 10 

67 03 

10 11 

173 62 

67 34 

10 83 

1SS24 

67 65 

n 55 

196 96 

67 96 

12 28 

203 78 

68 27 

13 02 

220 TO 

63 59 

13 76 

232 68 

68 90 

14 51 

244 80 

69 21 

15 27 

257 02 

69 52 

16 04 

269 34 

69 83 

16 79 

281 76 

TO 14 

17 57 

294 23 

70 46 

18 35 

306 90 

70 77 

19 14 

319 62 

71 03 

19 93 

332 44 

71 39 

20 73 

345 36 

71 70 

2154 

353 34 

TO n't 

22 35 

371 44 

72 33 

2316 

384 64 

72 64 

23 99 

397 94 

72 93 

24 82 

41134 

73 26 

25 65 

4J4 84 

73 37 

26 49 

436 44 

73 89 

27 34 

452 14 

74 20 

28 20 

4G6 00 

74 51 

29 06 

479 84 

74 82 

30 00 


In the oi>f-n lum«r e\iess h\Urogcn w burnt bj 
utlmw-iun {>f an abo%c the chlonne flame, 
rc’iiltnig in an absorption ststrin frw from 
Ihc d liver of explosion In the closed burner 
excess h.Mlrtven ttimes the hjdrocbloric acul 
Fas to the adsorption sjstcm. Great care is 
luiessar} in tins case to axoid explosions Solo 
tioies of hMiroihlonc acid made from gas thus 
{■required iii.i\ with rare be produced of analytical 
reagent rpiaJity 

In former days small quantities of acid were 
produced by decomposing common salt with 
sulphiirii aud m cast iron cyLnden, and in 
“nler to utiliM- coraplotily the relatively ripen 
sivphulphuni arid an excess of common salt was 
u«c<l The solid product left in the cylinder' 
Consisted nf sodium sulphate mixed with2t>*305i ' 
NaCI and x«as commercially known as 
Cylinder cake This method of production of 
hydrochloric acid has, howecer, practically 
cc.xaed 

Some time after the establishment of the 
Ia-U-ii.c s >dj process in this country all the 


hydrochloric acid of commerce was obtamed as 
a l^-product of that process, which at first 
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produced Iiydroohlorio acid gas in great cxccm 
of that wliich could bo sold ns hydrochloric acid 
liquor. Tho difficulty of tho situation tvm 
aggravated by now sources of h 3 'drochlorio acid 
which nrooo when acetic acid began to be 
chlorinated in great quantities bj- the Badischc 
Anilin und Soda Fabrik for tho manufacture of 
monochloracctic acid and artificial indigo, and 
one organic compound after another came to bo 
chlorinated. Lastly, since the output of chlorine 
from tlio electrolysis of tho chlorides of potassium 
and sodium was not sufficiently rcadilj' taken 
up, processes converting elcotrolj’tie chlorine 
and hj'drogcn into hydrochloric acid are now 
operated on a very largo scale. 

Hydrochloric Acid obtained in manufacturing 
Sodium Sulphate (Salt Cake ). — When Leblanc 
decomposed salt in order to obtain sodium 
sulphate ho proposed to convert the hydro- 
chloric acid gas evolved into ammonium 
chloride ; but svhen tho Leblanc soda process 
was introduced into this country that part of 
his suggestions was not carried out, and the 
acid gas was regarded ns possessing no value, 
and it was allowed to escape into tho air. This 
continued to bo tho case oven after that manu- 
faeturo had attained a comparatively large 
extension, but tho damage caused to tho neigh- 
bourhood by' tho acid gases soon brought about 
tho intervention of local authorities and courts 
of law, and manufacturers had to pay com- 
pensation for the damaccs they had done. 
Repeated penalties compelled tho alkali manu- 
faeturera to seek means for condensing the acid 
gas. This was first successfully' done in 1830 by 
Gossnge’s coko towers, but for many years after 
this there was still considerable damage done 
by escaping acid gas. Tho continued disrcganl 
by' tho old alkali manufacturers for the rights of 
their iieighlmurs led in Belgium, in 1850, to a 
Parliamentary' Commission, and in this country 
in 1803 to Ixird Derby’s Alkali Act, and the 
several subsequent Acts, by means of which 
British alkali makers were compelled to adopt 
efficient means for condensing their hy'dro- 
chloric acid, and similar legislation has been to 
tho benefit of other manufacturing countrie,s. 

Tho “ Annual Report on Alkali, etc.. Works ” 
made by the inspectors under tho Alkali Acts 
forms an invaluable record of all tho various stops 
taken for improving tho condensation of hydro- 
cJdorio acid, and have helped to spread a better 
know lodge of that process and have caused 
manufacturers to improve it up to tho highest 
standanl of efficiency'. 

Tho Alkali Act of 18G3 made it incumbent 
on manufacturers of salt-cake to allow no mom 
than 5% of tho hydrochloric acid to escape 
into the atmosphere. An additional Act of 
1874 prescribed that no more than 0-2 grain of 
HCI might bo present in a cubic foot of the gas 
escaping from the factory into tho air. This 
corresponds to 0-454 g. HCI per cubic metre, 
or about three ten-thousandths by volume. 
Tho latter clause applies al.so to tho chimney 
g^scs and not merely to tho gases escaping 
directly' from tho condensing apparatus. 
Although these requirements uerc at first 
declared by many to bo impossible of fulfil- 
ment, the actual results proved at once that 


they' were quite possible, and the escapes regis- 
tered by the Alkali Inspectors have averaged 
far below the Jimits assigned by the Acts. 
In 1885 only 2-13% of the total hydrochloric 
acid -u-as allowed to escape, and tho chirnney 
and other gases escaping into the air contained 
only 0-10 grain HCI per cubic foot. No 
change has been made in the limit fixed in 1874, 
and the working of that Act remains satisfactory. 
Compare the surv'ey of these Acts by' tho 
Chief Inspector under these Acts in J.S.C.I. 
1892, 11, 120. 

Although the various processes and apparatus 
used for the manufacture of sulphate of soda 
produce gases differing -within wide limits in 
temperature and concentration of HCI, an 
efficient condensation, I’.e. practically con;plete 
absorption of tho HCI in water to form a 
liquid acid of 1-15-1'17 sp.gr., is usually 
obtained. 

The efficiency' of tho condensation of gaseous 
HCI in water is dependent on three considera- 
tions : 

1. Temperature of the gas and of tin liquid. 

2. Concentration of HCI in the gasi s to bo 
scrubbed and of the acid liquid to bo rroduced. 

3. Time of contact between tho gas and tho 
liquid, and the average distance between tho 
gaseous particles and the liquid 
particles, and also tho thickness 
of the liquid layer, and on its 
motions internal and ns n 
whole. 

On issuing from the sulphate 
of soda plant tho acid gases 
require cooling. Tho apparatus 
used for this purpose depends 
on the temperature of the 
gases. 

If the gases issue from the 
pot or pan of a handworked 
salt-cake furnace, the tempera- 
ture is comparatively low. In 
this case the cooling is usually 
done in a row or rows of 
earthenware pipes. The pipes 
used nro often unglazcd, but 
are rendered impervious to 
moisture and gas by boiling in 
tar. In some cases the earthen- 
ware pipes are substituted by' 
glass pipes of 12 in. diameter, 
made slightly taper, ns shown 
in Fig. 27. The glass pipes are, 
of course, more liable to break, 
ages by' accident, and also 
through tho effect of violent 
changes of temperature, than 
the earthenware pipes, but in 
sheltered positions they last 
well. 

For tho hotter gases issuing from an ordinary 
muffle-worked sulphate of soda furnace or 
from tho cy’lindcrs of tho Hargreaves process 
cast-iron pipes are commonly' used to cool tho 
gases to a safe temperature before passing 
them ns before into earthenware or glass pipes, 
Too action of the hydrochlorio acid gases .on cast 
iron is very sUght at a temperature ucll above 
the condcnsing.point of liquid acid. 
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^\'hen open futnaees, whether *’ hand ' or? 
“ mechanical ’’ (such as the JIactcar furnace), are | 
u«ed, the aeid gases are 
mixed with the prcxlucts 
of combustion, and are 
consequently much hotter 
and more dilute. Under 
these conditions extensive 
senes of cast-iron pipes 
are used forthepreliminarv 
cooling before passinc the 
gases into the earthenware 
pipes for final cooling 

earthenware pipes 
used arc usually 12 in. or 
l.l in. liiameter socket 
pipes, the jointa being made 
with a cement of tar and 
China ch}‘. The east iron 
pipes \ary from 12 to 20 in 
in dmmeter, according to ’ 
the qiiantitj of gas and 
the arrangement of the 
cooling ajelcra of pipes, 
they arc socket pipes, the 
jointa being made by 
ramming into the socket iron filing* moistened ■ 
With ammonium chloride sohilion 
The arrangement of the cooling pipes depends 
on the rchme poMtions of the salt n»Kc fiimaecs 
and of the a<id comlen'cra and the spare 
oilabte lu n the salt cake furnace h a long 


purpose of collecting any liqii‘d deposited. 
The cisterns are usually made lA *his lountry 




of sdiooua sandstone found m Vorkshire. and 
known as “ Yorkshire flag ” The cisterns are 
compo«ed of flags 
4-6 in thick, bound 
together by strong 
iron tics, and the 
joints made tight bv 
thick mdianibber 
cord laid in a groove 
between the fares of 
the two stones or 
by a mixture of tar 
and fireclay, as m 
Figs 28. 2D. 30 
JIv one or more of 
the alioic arrange 
inents of pipes and 
cisterns the acid 
g.ises arc cooled to 
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distance from the condensers, .s single direct line 
of pqics ms\ l>c n siifficiint meins of cooling, 
where the ili-tsnoc is small the necessary 
amount of conling surface is obtam<>d by adding 



extra lengths of pipe that run sertically np and 
down and that start from a small stone cistern 
and return to another stone cistern for the 
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1 to 1 


The cooling of w 
gas IS far more im 
portanl than the 
coolmgof strong gas 
The gases next 
enter the apparatus 
where the hydro 
chlonc and gas is to 
be conwertecl into a 
liquid acid of com- 
tnemal strength, 
and that m such a 
manner that practi 
cally hardly a tract 
of acid escapes con- 
densation 

The apparatus 
almost nniiersally 
used are tall stont 
tow era, packed 
with broken coke 
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dpeciallyr arranged, down which ^ stream of 
water w tlloweil to tnckle, and “P which the 
gases are caused to flow (Fig- 3')- These 
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tower' wore indented and patented bj- Gossage, 
in 183G. 

The eokc tower has the merits of simplieity 
and, when carefully packed, of efficiency. 

The comparative efficiency of various modes 
of treating liquids with gases has been dealt 
with in a scries of papers by Hurtcr, who also 
pnes some interesting data on coke-packed 
towers (.I.S.C.1. 1883, 4, 039 ; 1887, 6, 707 ; 1893, 
12. '221, 989. See aUo thirl. 1919, 38, 7.5T ; 
1920, 39, 23 ; Iiid. Eng. Chem. 1924, 16, 1215; 
Chem. .Alct. Eng. 1923, 29, 146 ; Trans. Amer. 
Inst. .Mm. Met. Eng. 1919, 12, 231 ; 1929, 22, 
10 '.). 

Coke towers arc erections of considerable 
height, larving from about 40 ft. to GO ft. The 
honront.il scetional area ni.ay vary from 25 to 
180 sq. ft. They arc pro\idcd with a grating a 
few feet o\er the bottom, on which rests the 
coke which forms the “ packing ’’ of the 



lower. This coke, whieli must be of as hard a 
quality as possible (onh the best o\en-cokc is 
applicable for this purpose), is disposed in 
Mic'h a way that the gas is ns much as po-sible 
dnided in a large number of channels (none of 
tbeni being so wide that the bulk of the gas 
c in pass up tliroiigh it), and that the current 
ef gas is constantly changed in direction. For 
this object long pieces of coke are laid parallel 
in a row ; the iie\t row is made to cross the 
lower one. and so forth. The sire of the pieces 
is gradually diminished from bottom to top. 
Ill order to acoid an e\ci'f«ivc quantity of the 
gas passhig up the side of the condenser along 
the wall, it IS usual to pl.icc a lajcr of finer 
coke round the coiulcnser for a .ew- inches from 
the wall. R\ this arrangement there is effected 
both a gre.it division and constant mixture of 
the gases, and at the same time a suitable 


spreading of the feeding water over a very large 
surface. One great advantage coke has over 
flints or other packings is that, owing to the 
roughness of its surface and its porosity, it 
alvvaj-s retains a large store of liquid, which 
tends to keep the working of the condenser' 
stead5- under a fluctuating flow of acid gases, 
and to tide ov cr difficulties occasioned by any 
unintentional stoppage of the liquor supply. 
The water (or sometimes weak acid) is fed in at 
the top by some contrivance assuring a uniform 
distribution over the whole area of the tower; 
and m trickling down it keeps the surfaces of 
the coke moist, and a very large area of contact 
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between the ga'es and the liquid is thus pro- 
duced. These towers arc so simple to construct 
and so cffcetivc that of recent years there has 
been a growing tendency in England to do away 
with all cooling pipes, cisterns, wash towers, etc', 
and to use a couple of verv’ large stone towers to 
do the whole work of cooling and condensation 
for tvv o or cv cn more salt-cake pots and furnaces. 
The towers are worked in scries, the weak acid 
from the second or final tower being run dowm 
the fiist tower. In this way both complete 
absorption of the acid and the production of a 
strong liquid acid, i.c. one of over 1-15 sp err., 
are assured. To condense the acid from two 



hand aalt'calce farnacca the two towera may 
each be 6 ft. square and 50 f^. high. 

Ko difficulty is now experienced in pumping 
the weak acid made in the second condenser 
on to the top of the first condenser, either by, 
stoneware ram pumps, ebonite ram pumps, > 
stoneware acid eggs, or occasionally exen yet by | 
the Hailehurst membrane pump, patented ini 
1876. The ascending pipe is nsnaUyof stone, 
ware or ebonite, occasionally of lead. 

Brick towers are not to be recommended, as 
it is practically impossible to keep the numerous 
joints so tight that no acid oozes out. Oolumna 
of stoneware pipes cannot bo made of a large 
area, and, therefore, are not very well adapted 
to large works, at least if mtended for coke 
towers : but they do very good eernee at 
smaller works, or as supplementary to a large 
condensing plant of stoneware receivers. The 
material mostly employed for coke towers is acid- 
proof sandstone or, m France, Volvic lava, just as 


foundation, even if it amounts to much less 
than would cause the erection to break down 
altogetlwr, is extremely injurious, because it 
will almost unavoidably lead to the tower 
getting out of level, in which case the liquid wil] 
principally descend on the lower side ; thus 
the necessary distribution of the liquid is not 
attained, and the action of the condenser » 
most injuriously affected. 

It has been already stated that the feeding 
of the towers with water or with weak acid 



for acid tanks. The system of joining the flags 
together is the samo as shown in Figs. 28 and 
29, or else as in Fig 30, or as shown in Fig. 32, 
in which tho flags arc kept together by means 
of grooves worked in the stone, and without 
tho aid of any ironw ork, which u always a source 
of anxiety in acid condensers. 

TIio coke towers ere generally placed at a 
high level, and are, if necessary, put upon pillars, 
for the purpose of running the acid from them 
by gravitation either into chlorine stills or uto 
store cisterns for sale. They must, of course, 
have a very secure foundation, in the construc- 
tion of which not merely the great weight of the 
tower must be considered but also the proba- 
bility that there will be now and then leakages 
of acid which may make the foundation unsafe 
This can be avoided by asphalting the ground 
in such a way that any acid runmng down 
cannot pcnciratc into the soil, but is conveyed 
to a sale distance. Any damage done to the 



and thus securing a uniform distribution indepen- 
dently of an exact level of the top of tho tower. 

Most manufacturers have discarded these 
acid wheels and have introduced troughs pro- 
vided with a number of overflows all at the 
same level, feeding tho same number of water- 
lutes. This arrangement is indicated m Fig. 31. 
Thia figure represents a tower built as Fig. 32, 
the cross-hatched outer portion representing tho 
timber framework to support the feeding cistern. 

Another form of apparatus for dissolving 
the hydrochlonc acid gas is theLungc-Rohrmann 
plate tower, shown in Figs. 35. 36, and 37. 
It consists of an earthenware tower packed 
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with n Ecriea of perforated plates E, E, the per- 
forations being made to alternate in successive 
plates, BO that each hole corresponds to a solid 
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place in the plates just above and below. Figs. 
30 and 37 .show one of the plates in detail. 
As is to bo e.'jpcctcd, the evidence for and 


against the improved packings for the con- 
densing towers is very conflicting, and as the 
cost of them is naturally higher, the coke-packed 
tower has fully maintained its position. 

In France and Germany a somewhat different 
system of cooling and condensation is in general 
use. The earthenware and glass pipes mentioned 
above as being used almost exclusively in this 
country for the cooling of the gases are more or 
less completely substituted by a series of 
earthenware Woulfe’s bottles, known technically 
as bombonnes or tourils (see Fig. 38). The 
scale of the drawing is too small to show that the 
vessel on the right is about 1 in. higher than 
the vessel on the left ; the liquids travel down- 
bill from right to left, and consequently the 
gases arc made to travel from left to right. 
The size of the bombonnes varies from 40 to 100 
gallons. They are arranged in sets of 40 up to 
100, as shown in Fig. 39, and, in spite of the 
relativelj’ high temperature in the leading 
bombonne, eventually give a liquid acid of 
1-15-1T8 sp.gr. They are made of the best 
stoneware, which is able to stand somewhat 
violent changes of temperature. After leaving 
the bombonnes, the acid gases are finally 
scrubbed with water in a coke-packed tower, 
similar in design but usually much smaller than 



those used in this country. The weak liquid 
acid produced in this tower supplies the stream 
of weak acid required by the bombonnes. The 


figure does not show the means of running off 
the strong acid from the lowest bombonnes in 
the series, nor the cisterns, etc., for receiving the 
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BOid. Coolers ainl absorption plant can now references given for tbe production of chlorine 
be made of fused silica (\ itreosil) in the form of from these bodies earlier m the article. So far 
grids made of S-pipcs. and as the«e can be as is known, none of the processes is used, 
uatcr-eooled by sprat's a reduction in the aiie Mond (1883) heated the ammonium cJjtoride with 
of plant requinnl is effected *o much sulphuric acid that the acid sulphate 

In the condensation of hydrochloric acid was formed and all HCI expelled. The and 
Tas in water with the apparatus at present used sulphate was converted by means ©f ammoniacal 
ind described abote, there is little reason Ibr xapours into the neutral salt q{ commerce. 
li£ScuIt\ in atoiding looses of HCI through in- O. N. Witt (1886) expelled the HCI from 
^omplctc absorption. The difficultx more com- NH^CI ly means of syrupy phosphoric acid, 
nonlv experienced is to combine tlie complete which formed ammonium phosphate. On heat- 
ibaorption enforced by law with a high strength mg this at a higher temperature the ammonia 
iquid acid. was driven out and the phosphoric acid re- 

The impurities found m commercial hydro generated Jurisch (Dingl. poly. j. iggS, 267, 
ihloric acid made by the above processes are, -131) has shown that this process is not pjao 
rhiedy, sulphuric acid, feme chloride, arsenic ticable, because there is no material J^nonn which 
nchloridc, and either free chlorine or snl resists the molten phosphoric acii), and only 63% 
shurousacid to 8fl% of the NH, is recot ered. Mond passed 

Sulphuric acid is the largest impurity The the vapour of ammomum chlorjde oter nickel 
lydrochloric acid condensed from the pan or pot oxide, heated to at least 3o0“, Vthich absorbed 
;as is always much purer than that from the the HCI and allowed the N Hg to on. After 
•oastcr gas The quantitv of tiilp^urie aeid in a certain time the process was changed by raising 
he gases from the salt cake furnace sometimes the temperature to 500“ or 600“ arjii decomposing 
imounta to 2^^ and upwards, it was very the nickel chloride by steam, irlien HCI was 
:roubIesomc in the Weldon, and fatal id the driven off and NiO regenerate. (Several 
De.ictm. chlorine process, and m some other patents taken out in 16S6 ) 
ipplications of hydrochloric acid The sul Dunng recent years, when tl^o chlorination 
ahurie acid in the salt cake furnace gases can of organic eompounds has advanced by vast 
lie removed to a large extent by a small con- strides, the hydrochloric acid gas produced 
len«rr or dry scrubber before condensation, when a hydrogen atom is substituted by a 
A large number of suggestions has been made chlorine atom has to be collected and utilised, 
'or the purification of the salt cake furnace The hydrochloric acid gas evoKcd is almost 
eases, so as to render them suitable for the pure, easily condensed, and yield; an acid quite 
beacon process, but tbe only one of these pro- free from the usual impurities 
resecs to achieve proctical success IS the Ilascn Hydrochloric acid has also been produced 
clever process (BP 3303, 18S3) (fee at end by passing chlorine over wood at a teniperature 
of Deacon Chlorine Process ) of i50*-350*, whereby charcoal i; also formed 

Arsenic gets into the hydroebtone acid (Bosnian Electricity Works at Jaice, G P. 
through the sulphuric acid employed in its 158086) 

manufacture, tbe arsenic is thereby converted Lastly, hydrochloric acid has been prepared 
into AsCI;, and passes as such into the conden- by processes inverting the practices of the last 
sing apparatus .^'any plans tiave been pro- liundreif years, namely, it fias i^ecn prepared 
posed for its removal— most frequently a treat from its elements os a direct an^ defimte'^ pro 
ment with sulphuretted hvdrogen or with cess without the formation of ty-products, or 
sulphides Bcttendorff(Uingl poly J IbCO, 104. for any other reasons than its ov\n preparation 
253) precipitates the arsenic from concentrated and the utilisation of the two elements formed 
hydrochloric acid by stannous chloride, andthen by the electrolysis of potassiuiQ and sodium 
di<tiU the decanted ocid Dufloa dilutes the chlorides The gosea are mixm and passed 
acidtospgr 1 13. and digests it with stnps of over charcoal (G P. 114210), qj- they are 
sheet copper at SOX for 24 hours, and repeats burnt together at jets (Soc. Itali^na di Elettro- 
this treatment with frcdily scoured copper rhimic.a. J S C I 1915, 34, 1 ItSjj, or they are 
This removes all the arsenic and the free combined together by Roberta' patent (Electro- 
chlorine, and reduces the feme cblonde to chem and Met Ind 1910, 8, 7(^1, and by this 
ferrous chloride, winch remains behind on last process the ticid has been manufactured m 
distillation Bcckurts (Fischer’s Jahresb 1884, Niagara sinco 1914. 

30, 348) distils hydrochloric acid with ferrous The conveyance and storage qf hydrochlono 
chloride and removes the first 30% containing acid of strengths varying from i»7 to 40% has 
all the arsenic. undergone changes m recent times following 

Selenium is sometimes found in such cjuan improvements in the technique uf the applies- 
titles in hydrochloric acid as to give trouble tion of rubber preparations to lUetal and other 
m Its opptication (Davis, J.S C.l. 1883, 2, surfaces. Steel tanks lined with niatcnal vary- 
*27). mg from soft to hard rubber or eljonite are used 

Ilt/Jroehlorie Aeid from Sources other than the for eonveyanec of acid in bulk (Chem. and Ind. 
Lellonc Process — Attempts have been made to 1924, 43, 180R; 1932, 51, 206. 224; Chem. 
produce hydrochloric acid from many sources. Met Eng. 1923, 35, 673; 1929, 30, 152; Ind. 
notably from the residuvlliquora of the ammonia- Eng. Chem. 1927, 19, 130; Ind. them. 1928, 4, 
soda process A number of suggestions bas 75} The familiar glass carboy is still, however, 
been made for the direct production of HCI: used to a large extent for the con\^yance of this 
(i) from CaClj, (u) from MgCtj; (in) from acid. 

NHjCI In tins connection compare the The applications of hydrochloric acid include 
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the mnntifnrturc of ammonium chloride, both 
by neutralisation in solution and subsequent 
cn-stallisation, and by the dry process involving 
sublimation described in B.P. 273093, 2742G3, 
290045 (Moore, Polack and Castner-Kellner 
Alkali Co., Ltd.). The older application of 
hydrochloric acid for the production of chlorine 
by the Weldon and Deacon processes is no 
longer of importance in Great Britain. 

It is used for extracting the phosphates from 
bones in the production of osscine for gelatine; 
for preparing zinc chloride, stannous chloride, 
and ferrous chloride ; for the preparation of pure 
carbonic acid from limestone; for the manufac- 
ture of aniline hydrochloride; and in the manu- 
facture of many coal tar colours and inter- 
mediates. 

In recent years the operation of cleaning 
(pickling) metal with hydrochloric acid prior to 
rolling into sheet, wire drawing, and coating 
with zinc, tin or lead, has been modified by tbe 
tise of so-called “ inhibitors ” or “ restrainers ” 
sold under trade names such ns Goffcnc. Rhodine, 
PirUclle, etc. The effect of the addition of a 
small percentage of an “ inhibitor ” to hydro- 
chloric acid is to depress the rate of solution of 
metal without affecting the rate of solution of 
the fdm of oxide (scale). See Evaluation of 
Pickling Inhibitors, Pirak and Wenzel, Chem.- 
Ztg. 1932, 56, 193, 214. 

i^iquid hydrogen chloride may bo stored in 
steel containers if the gas has been thoroughly 
dried. The low spccifie gravity of the liquid 
and the great weight of the cylinder militate 
against commercial development of this product. 

F. H. 

CH LOR I SOL. Sodium hypochlorite solu- 
tion. 

CHLOROCRUORIN. A pigment related 
to ha?moglobin which occurs in the blood plasma 
of certain poIycha:to worms (H. M. Fox, Proc. 
Boy. .Soc. 1926, [B], 99, 199). 

CHLOROFORM, TRICHLORO- 
METHANE, CHCI3. Chloroform was dis- 
covered by Liebig (Pogg. Ann. 1831, 23, 242) 
and independently about the same time by 
Soubciran (Ann. Chim. Phys. 1831, [ii], 48, 131). 
Its constitution was determined by Dumas (Ann. 
Chim. Phys. 1834, [ii], 56, 115), to whom the name 
chloroform is also due. Chloroform is very' 
nidcly employed ns a general anaesthetic and is 
an important solvent finding application in 
the niannfncturo of fats, rubber, resins, alkaloids 
and other products. It is n useful preserva- 
tive. 

Chloroform may be obtained by chlorination 
of a number of organic substances such ns 
alcohol, acetone, acetaldehyde, acetophenone, 
turpentine, terpencs, etc., but only a few of 
these are of practical utility. 

Chloroform was originally manufactured from 
ethyl alcohol, but for many years past this has 
been replaced by acetone. Owing to the much 
cheapened production of acctahlehydo at the 
prc.'cnt time chlorination of the latter product 
bids fair to displace the use of acetone. Accord- 
ing to Fcycr (Z. Elcktrochcm. 1919, 25, 1L5) 
the formation of chloroform from alcohol by the 
action of bleaching powder is represented by the 
following equations, the reaction taking place 


in three stages involving oxidation and forma- 
tion of aldehyde, as follows : 

(1) CH,-CH,OH-f HOCI 

= CH3-CHO-f H„0-f HCI 

(2) CHjCHO-fSHOCI 

= CHCl3-hHC00H-f2H;0 

(3) H-C00H-!-H0CI=C0j.-bH;0-f HCI 

The action of bleaching powder on acetone 
appears to be best represented by the equation 

2CO(CH3),-f6CaOCL 

=2CHCl3-l- (CH3-COO)„Caa-2Ca(OH), 

-fSCaClj 

Manvfaclure of Chloroform from Acetone and 
Bleaching -powder . — This is the process most 
generally employed. The method differs in 
minor details with the various manufacturers, 
but the following may be taken as representative. 
The reaction is carried out in a cast-iron still 
of about 800 gallons capacity, which is 
provided with stirring gear, steam-coils, and cool- 
ing coils, and is connected with a condenser; 
300 gallons of water are run into the still, and 
800 lb. of bleaching powder are added through 
a manhole, which is then securely bolted down. 
During addition of the bleaching powder the 
mixture is very thoroughly stirred. (In some 
processes the mixing is carried out in a separate 
vessel, and the suspension is strained from the 
larger unbroken lumps of bleaching powder 
before being allowed to run into the still.) 
The container {A in the diagram shown on p. 78) 
is charged with 70 lb. of acetone, which is then 
slowly run into the bottom of the still by means 
of the valve B. The introduction of the acetone 
is accompanied by a rise of temperature which 
is not allowed to exceed llO^F., cooling being 
cflcctcd if necessary by stopping the flow of 
acetone and circulating cold water through the 
cooling coil in the still. When all the acetone 
has been introduced the contents of the still 
are raised to 134'’F. At this temperature chloro- 
form begins to distil over. The temperature is 
then very gradually raised to 150°F., so as to 
keep the chloroform steadily distilling. To- 
wards the end of the reaction the mixture is 
stirred and the temperature raised until no 
more chloroform distils over. 

The crude chloroform obtained is separated 
and purified first by agitation uith concentrated 
sulphuric acid. This operation is carried out in 
the vessel shown in the diagram ; 1,500 lb. of 
cnidc chloroform are introduced into the vessel 
and thoroughly stirred, by means of the agitating 
gear shown, with GOO lb. of sulphuric acid. The 
stirring is continued until a sample of the chloro- 
form when thoroughly shaken with pure con- 
centrated sulphuric acid does not impart the 
slightest colour to the latter. The time required 
for complete purification is usually about 
3 hours. The chloroform is next separated from 
the sulphuric acid and finally distilled over lime. 
The yield obtained from the above quantities 
averaged from over 2,000 batches was 124 lb., 
the highest yield in any one ca.«e being 131 lb. 
Variation in yield is attributed to the varying 
composition of the bleaching powder, though 
doubtless other factors influence the result. 
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Bleaching powder containing less than 33% eolntios of acetaldehyde with a solution of 
of available chlorine gives unsatisfactory resnlts, hypochlorite. A yield of 80% of chloroform is 
while samples containing more than 35% of c&imed for the following process! (G.P. 347460). 
chlorine are also often unsatisfactory. The best A 20% aqueous solution of acetaldehjde is 
results appear to be obtained with bleaching aDowed to flow into a solution of bleaching 
powder containing a^ut 34% of availatile powder containing 93 g. of active chlorine 
chlorine. per htre. The mixture is vigorously stirred and 

ilanvfaeture from AuialdtJtyde . — ^This con- the temperature maintamed at 45°C. After 
sista essentially of the treatment of an aqueous addition is complete stirring is continued for a 



short time, the solution neutralised, and the videdwithastixrerandmaintaincdatatempera- 
chloroform separated by distillation. Purifi* ture of 70“-80“C. The chloroform is removed 
cation is effected in the usual way {we also by leading steam into the mixture as it passes 
G.P. 330014 and F.P. 621700). A continuous into a separating vessel, the chloroform distilling 
process for the production of chloroform, in offthroughacondcnserwhilotheresidualliquon 
which a mixture of acetone and acetaldehyde is are continuously discharged, 
treated with a solution of hypochlonto contra- Other iftihods of hianvfaelure . — Chloroform 
jng 40 g. of active chlorine or more per litre, is has been manufactured in America from carbon 
described in 17.S.P, 1916354. The mixture of fetracfiloride by reduction with riascent hydro- 
the solutions is led into a reaction %es8el pro- gen. Themo8tusaalinethoduto*tirvigorously 
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a mixture of the tetrachloride and finely divided 
iron in water, the reaction being initiated by the 
addition of a small amount of hydroohlorio 
acid (U.S.P. 753325, 1107025). Numerous 
attempts have also been made to manufacture 
chloroform by chlorination of methane (natural 
pas), but so far without any pronounced success. 
A number of patents have also dealt witb 
electrolytic methods of production from alcohol 
or acetone, but very little appears to have been 
made in this way. 

Chloroform is a heavy colourless liquid with 
a characteristic odour. It has b.p. 61‘2° (Basker- 
viilo and Hamor, Ind. Eng. Chem. 1912, 4, 278; 
Wade and Finriemorc, J.C.S. 1904, 946), 

f.p.-CMO'’ (Keyes c/ al. J.C.S. 1923, 124, II, 
370), 1-4989 (Baskervillo and Hamor, l.c.). 

It is not inflammable but bums with a greenish 
smoky flame when mixed with alcohol and the 
mixture ignited. It is slightly soluble in water 
(0-5%) and miscible with most organic solvents. 

When a primary amine is heated with 
chloroform in an alcoholic solution of potas- 
sium hydroxide an tsocyanido is formed : 

CHCL-f-RNH,-f-3KOH 

=RNC-f3KCl-p3HjO 

The reaction employing aniline as the primary 
amino affords a ready method of detecting 
chloroform in considerable dilution (1—5,000 to 
0,000) the characteristic odour of phenyl iso- 
cyanide being easily recognised. The reaction 
is, however, not speoifio, being given by bromo- 
form, iodoform, chloral, etc. Chloroform also 
reduces Fehling’s solution. 

An/cfthclie Chlorojorm. — Chloroform for anaes- 
thetic purposes is required to bo of a very high 
standard of purity and tho various pharma- 
copoeias detail the tests for a number of im- 
purities which may occur in tho product and 
render it unsuitable for use as an anmsthctic. 
Pure chloroform under tho influence of light, air, 
and moisture is decomposed more or less rapidly 
according to conditions, tho main products of 
decomposition being carbonyl chloride (phos- 
gene ) and hydrochloric acid, according to tho 
equations: 

CHClj-f Hj0-(-0;=C0Cl5-f HCI-f HjOj 
CHCl3-fH.Oj=COCli-t-HCl-f HjO 

The presence of a small amount of ethyl alcohol 
in the chloroform has been shown to exert a very 
definite stabilising effect, and most pharma- 
copn-ias specify tho addition of alcohol for this 
purpose. Tho amount permitted by tho “ British 
Phnrmacoixcia ” is from 1-2%. According to 
Baskcrvillc and Hamor (Ind. Eng. Chem. 1912, 
4, SOS, etc.) alcohol appears to act by reason of 
its property os a reducing agent, oxidation of 
alcohol taking place in preference to that 
of chloroform. At the same time the products of 
oxidation appear to exert a retarding action and 
chloroform containing tho amount of alcohol 
mentioned above, when properly packed and 
stored so that tho action of light and air is 
reduced to a minimum, will keep in a satis- 
fartoiy condition for years. Tho theory of the 
action of alcohol is supported by tho fact that 
many other organic reducing substances also 


inhibit the decomposition of chloroform. The 
action of such substances for the preservation 
of chloroform for ancesthctic purposes has been 
investigated by Bodendorf (Apoth.-Ztg. 1929, 
44, 351) by exposing chloroform containing the 
suggested preservative to the action of fight from a 
quartz lamp, when it was conclusively shown that 
alcohol is the most satisfactory stabilising agent. 

For the estimation of chloroform in small 
amounts W. H. Colo (J. Biol. Chem. 1926, 71, 
173) has suggested a colorimetrio method based 
on tho colour reaction obtained with pyridine 
and caustic soda. The method is said to be 
capable of detecting 0-001% of chloroform in 
solution, but its use for the determination of the 
compound in biological fluids has been criticised 
by Yeager (Proc. Soo. Exp. Biol. Med. 1929, 26, 
403). It has, however, been modified for the 
purpose by Gcttler and Blume (Arch. Path. 
1931, 11, 554). A colorimetrio method for tho 
estimation of chloroform in alcoholic solutions, 
tinctures, etc., has been described by Moifitt 
(Analyst, 1933, 58, 2). It depends upon the 
production of a blue colour at the ordinary 
temperature with ^-naphthol and potassium 
hydroxide, a reaction which readily lends itself 
to colorimetrio comparison. A similar colour is 
given with a-naphthol, but in this case the reaction 
is also given by other chlorinated compounds. 
With j3-naphthol, however, closely related com- 
pounds such as carbon tetrachloride, dichloro- 
ethylene, ethylene chloride, etc., give no colour. 

A. J. E. 

CHLOROGENIC ACID (I), Caffetannio 
Acid (II). Tho substance described ns (I) by 
Paycn (Ann. Clum. 1849, (iii], 26, 108) is now 
recognised to be the chief constituent of Roch- 
leder’s (U) (Annalen, 1846, 59, 300, and many 
later authors). The alcoholic extract of Liberian 
coffee yielded on evaporation 3-3% of crystalline 
potassium-caffeine chlorogenate, which loses caf- 
feine when shaken with moist chloroform; dilute 
sulphuric acid then liberates (I), CjjHjjOj, 
needles, with iHjO, m.p. 208°, [aJn —35-2° 
(Gorter, Annalen, 1908, 358, 327 ; 1911, 379, 111 ; 
Freudenberg, Ber. 1920, 53, [B], 232). Tannose 
from Aspergillus niger splits the acid into quinic 
acid and caffeic acid, indicating a depside 
formula (Freudenberg, l.c.). Tho position of tho 
linkage was determined by H. 0. L. Fischer and 
Gerda Dangsehat (Ber. 1932,65, [B], 1037), who 
assigned to (I) tho constitution 3-[3:4-dihy- 
droxycinnamoylj-l-quinio acid. 


C(OH)COjH 


HO-HC CH-0-C0CH;CH 
^C'hbOH 


/ 



OH 
OH 


Gorter isolated (I) from coffee leaves, the late.x of 
Castilloa elastica (Rec. trav. chim. 1912, 31, 
281), sunflower seeds (Arch. Pharm. 1909, 247, 
436), and from Stryehnos nux vomica (ibid. idem. 
197). If Gorter’s colour reaction (i6id. 247, 187 ; 
Annalen, 1911, 379, 111) could be tnisted, (I) is 
widely distributed in tho vegetable kingdom 
(c/. Charaux, J. Pharm. Chim. 1910, [x-fi], 2, 


so 
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292 ; Tftn der Haar, Pharm. Weekblad, 1920, | 
67, 194) Caffeic acid gives the same colon* I 
tion (Freudenberg, / c.) The estinjation of (I) in ' 
coffee has been studied (B. 1934, 40, 119, 379, 
426, 524,700,779, 9S5). Inspiteofthenamedl). 

( I ) docs not precipitate a dilute gelatin solution, 
but when named with a lO^o solution gives a 
precipitate on cooling (Freudenberg, I e.) 

J. N.G 

CHLOROPHYLL. The colouring matter 
of green leav es. A muture of tw o closely allied 
substances — chloropbjU a, CjjHj.O.N.Mg.and 
ehlorophjUt, Cs,H,aO,N,Mg. 

It occurs widely distributed in plants, mainly 
in the leat es and green stems, in the cAforop/aafa, 
together uith thejellow (carotenoid) pigments 
carotene and xanthopb} 11 It is present in both 
green and brown algic, the latter of which also 
contain another carotenoid, fucosanthin It is 
the active catalyst in the photosynthesis of 
sugars from carbon dioxide and wafer, and is 
therefore of fundamental importance It is the 
only enzj me of known chemical structure 

For the bulk of our knowledge of chloroph^U, 
we are indebted to the hrilhant investigations of 
Richard Willstatfer and Hans Fischer, and their 
collaborators 

Jliatorieal —{Ste Willstitter and StoU, ** Un- 
tersuchungen uber Chlorophjll," Rcrhn, 1913 ‘ , 
Marchicwski, " Chemie der Chlorophylle,” 
Braunschweig. 1909) Of early attempts to 
isolate the green leaf pigment, those of Berzelius 
(Annalen, 163S, 27, 29C) and Verdetl (Compt 
rend. ISSl, 33, 699) ma} be mentioned The 
latter believed that it contained iron, like the 
bsmoglobm of blood, an idea wbch persisted 
for tome time Other erroneous conceptions 
which complicated early work were that the 
pigment contained phosphorus and potassium 
t'aiuable explorato^ work was su^quently 
earned out by Schunek (Proc Roy. Soc. 1885, 
38, 33^ etc and Sebunrk and Afardblewaki 
(Annalen 1S94, 278, 329} It was thought at 
one time that samples of chlorophyll isolated 
from different sources and at different seasons 
were not identical. This was disproved by 
^\iUstatter, whose investigations (1906-1913) 
led to a general clarification of the subject More 
recently, tlie chemistry of chlorophyll has been 
examined with great thoroughness by Hans 
Fischer (1929-1936) with the result that Ibc 
structure is now certain in mam outbne and only 
a few details remain to be settled Chlorophyll 
has not yet been synthesised, although progress 
m this direction has been made. The exact r6le 
of the pigment in the photosynthetic process 
remains to be settled. 

Extraction — Both fresh and dried green leaves 
can be used as sources of chlorophyll The 
common nettle, first used by Stokes (1852), is a 
convenient source, being cheap, nch in tUoro* 
phyll, readily dried while mamtaming its colour 
well, and being poor in enzymes. Rxtraction 
is best earned out at room temperature with 
acetone containmg 15-20% of water (Will- 
atatter). The acetone solution u treated with 
bght petroleum and extracted with water to 
remove the bulk of the acetone and then with 

* Peferred to heoccrorwsra as WlUstlttcr, 
*• Chlorophjll.'* 


methyl alcohol to remove xanthophyll. Finally 
the petroleum solution is washed free from 
acetone and methyl alcohol with water; this 
precipitates the chlorophyll, which is filtered off 
by' means of a column of talc. The talc is 
washed with petroleum (to rcmoie all carotene) 
and the chlorophyll extracted wuh ether. Tho 
ethereal solution is dried by means of sodium 
sulphate and the chlorophyll precipitated by the 
addition of petroleum. (For details see iViU. 
statter, “ Chlorophy II.” Chapters 3 and 4 ) The 
extraction with alcohol, which is used forcertam 
technical purposes, leads to a chemical change 
(see hc/oic). 

A commercial chlorophyll is manufactured for 
the colouring of soap, oils and perfumes. For 
this purpose green leaves (nettles) are extracted 
with ethyl alcohol, the solvent distilled and the 
residue extracted with benzene. The residue 
from this second extraction is the basis of the 
eoenaiemaJ product. A mter-solable p/gment 
IS obtained by hydrolysis with caustic soda. 
This material lias a yellowish green shade ; to 
obtain a bluish green, 1% of copper sulphate is 
added in the original aleohoLc extraction Tlie 
product presumably contains copper in place of 
the magnesium atom present in the chlorophyll 
molecule (see belou) 

The chlorophyll content of dried nettle leaves 
IS about 0 8% and about 80% of this (6 5 g. from 
I kg of leav es) can be extracted by WiUst&tter'i 
procedure. 

The chlorophyll so obtained is a mixture of 
the a and b components, which are present m 
land plants in the proportionof aboutS . 1. In 
brown alg« the proportion of the 6 form is much 
smaller. In spite of claims to the contrary, it » 
probable that only two forma of chlorophyll 
exist (Wmterstem and Schon, Z, physiol Coem. 
1934, 230, 139 , but see Conant and Dietz, 
Nature. 1933. 131, 1.31; J. Amer Cbem.Soe. 1933, 
55. 839). Ch)oTOpb})l.h ran be rcmoied from a 
petroleum solution of the mixed pigment by 
extraction with 90% methyl alcohol (Willstatter 
and Isicr. Annalen, 1912, 390, 2G9), a method 
which has been improved by StoU and Wiede 
mann (Helv. Chim. Acta, 1933, 16, 739) 
Another method of separation is by chromato 
graphic adsorption on a column of calcium 
carbonate or preferably, powdered sugar 
(Tswett, Ber. 1908, 41, 1352 ; Winterstcin and 
Stem, Z physiol Chem. 1933, 220, 263) By 
this method the two forms of chlorophy 11 can bs 
separated from one another and from the caroten- 
oids which accompany them itt tho plant. In 
the examination of structure it is usual to 
separate not the two forms of chlorophyll itself, 
but the corresponding degradation products, 
the phaiophorbidcs, which are easily separated 
by acid fractionation (see below). 

Physical ProperUea —The mixed chlorophyll 
obtained by acetone extraction is ^ dark green 
waxy solid. Pure chlorophyll a is obtained 
microcrystalline by adding petroleum to its 
ethereal solution, blow evaporation of a solution 
m a mixture of these solvents gives thin lanceo- 
late leaflets. Chlorophyll b can be obtained 
aunJariy in a microcrystalline form. In powder 
form chlorophyll a appears bluiab black, it p'C* 
a green streak and lias a steel blue reflex. Tbb 
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powder of the -h form is •very dark green. 
Chloroplivll a is ‘■olubie in ctiier, absolute ethjl 
nliobo!, ncetonc, chloroform, carbon disulphide 
and benzene ; modcrntel^ soluble in cold methyl 
alcohol, more soluble in hot ; very sparingly 
soluble in light petroleum, but the solubihty is 
raised considerably by the addition of a little 
alcohol. It is practically insoluble in alcohols 
containing 20% of water. The solutions are 
bluish-green with a red fluorescence. The 
solubility of chlorophyll-6 resembles that of the 
-a component, but is slightly lovrer throughout 
The dilTercncc is most marked in the case of 
light petroleum. The solutions are yellow - 
green to green with a brownish-rtd fluorescence. 

Chlorophyll-a sinters and melts between 117° 
and 120''; chlorophyll 6 sinters between 86° 
and 92° and melts to a thick bquid between 
120° and 130°. 

Absorption Spectra. — Both components of 
chlorophyll have comple-c absorption spectra. | 
The mam areas of transroisaion arc m the region 
of 600»i/t (green) and TOOi/ifi (red). The 
mam bands in the spectnim of chlorophyll-a 
have maMnia at GQ2iiip and 433tiip ; there are 
also strong bands at 012m/i and 45Smp and 
weaker bands between the green and orange-red. 
The cnd-nbsorption commences at about 4l3mp. 
The absorption spectrum of chlorophyll-6 
dilfirs from this principally in having the mam 
red band split into two and in the deepening of 
the band in the blue at -fSTiiip, which becomes 
the strongest band. Tor further details, see 
^Ylllstflttt^, “ Chlorophyll,” p. 169 ; Hans 
I'lsthcr, Oppenheimcr’s ” Handbuch clcr Bio- 
clicmio,” 192.!, p. 351 ; Conant and Kanierling, 
J, Amer. Cluni. Soc. 1931, 53, 3522 ; and a 
scries of papers by Stem, IVendcrlcin and their 
collaborators, Z. physikal. Chera. (A), 1934, 
170, 337 ; 19.35, 174, 81, 321 ; 1936, 175, 405 ; 
176, 81 ; 177, 40, 165, 363, 387. 

Optical Aituili/. — It was thought for a long 
tune that chlorophyll was optitally inactive, but 
in 1933 Stoll and Wiedemann (Helv. Cliim. 
Acta, 1933, 16, 307) using red light (A, 720mp) 
found that both chlorophyll a and -6 were 
kevorotatory with about —265°. The 

phytyl- and mngncsium-frco derivatives, the 
phorliides {see bcloit), were also active. Fischer 
and Stirn have confirmed and c’ctendcd the=e 
ob'.cnations (.\nnnltn, 193.5, 519, 58 , 520, 
88) 'Jhcre is a difference between these 
workers’ observations on the ease of mccmisa- 
tion of the --olufions. The porphynns derived 
from (hlorophyll (see bcloit) arc all optically 
imctive. 

Jlcactioiis and Slnictiire. — .\s stated above. 


the two components of chlorophyll have the 
formulffi : 

chlorophyll a, CjjH-jOjN^Mg 
chlorophyll-6, CjjHjoOjNjMg 

Chlorophyll-6 contains one more atom of o\ygcn 
and two less of hydrogen than clilorophy ll-a ; 
actually’ it contains an aldchy do group in place 
of a methyl group. 

“ Cryslalline chlorophyll,” chlorophylltdes . — 
It was found by Willstfittcr and Utzinger (An- 
nalen, 1911, 382, 129) that when ethyl alcohol 
was used in place of acetone to extract green 
leaves, the pigment was isolated as bluish-green 
crystals. This involves a chemical change 
catalysed by an enzyme, chlorophyllase, present 
in the leaf. The change is shown below for the 
-a component 

Chlorophj ll-fl 

I. 

The compound (I), ethyl chlorophy Hide, is the 
main constituent of crystalhne chlorophyll. 
The other reaction product is phytyl alcohol, a 
wa\-hke, unsaturated primary alcohol. The 
structure of this has been proved to bo 

Me,CH [CHJj-CHMe [CH.l3-CHMe[CH,]3 
•CMe.CH CHjoOH 
both by degradation and sy nthesis (F. G. 
ITscher and Lowenberg, Annalen, 1929, 475, 

I 183). 

A similar enzymatic alcoholysis with metliyl 
alcohol yields methyl chlorophylhde, 

I CjiHjjOjN.Mg-CO, CHj. 

It was found by WiUstatter, Hocheder and Hug 
(Annalen, 1909, 371, 1) that the same phytyl 
alcohol was obtained by the decomposition of 
the chlorophy U from a large number of different 
plants. It IS the presence of the phytyl group 
in the molecule which enables chlorophyll to 
form colloidal solutions. 

Ph.iophorbides (WiUstatter and Hocheder, 
Annalen, 1907, 354, 205). — Hydrated oxalic acid 
in alcohol leads to a straightforward elimination 
of raagncsiuni from chlorophyll. The product 
IS an oliv e-brown solid, phmophytin (II). 
Similarly, treatment of methyl chlorophylhde 
with a 17% solution of hydrochloric acid in 
ether leads to the formation of methyl phieophor- 
bidc(Ill) Ifstrongcr acids are used, the phytyl 
-ir methyl esters are also hydrolysed with the 
formation of the corresponding free acid, 
phmophorbidc (IV) : 


OxaJic acjvl 

^34^33^3^4^S > ^34^33^3^4^2*^02*^20^33 

II. 


j McOH, inz} m<? 
C^HjjO^N.Mg-CO.Me 
i dll HCI 

T 

CjiHjjOjNjHj-CO.Me 

III. 

Voi Ill.—e 




HC\ 


j HCI 

T 

^34 ^33^3 ^4 ^"^2*^ ^2^ 

IV. 
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The aboTe reactions are shown for the -a ee 
Ja aetasl practice a ajiilare of ph.7vpborhu}e»-a 
and -6 are obtained. These can be separated by 
partition between ether and hydrochlonc add ' 
AS follows : 

yield Separalion (WiUstattcr, “Chlorophyll.'’ 
p. 262). — This is a useful general method for the 
separation of substances of similar structure by ' 
(aUng adi antage of small differences in basicity. 
Tiie mixture is dissolred in ether and extract^ 
with hydrochlonc acid m gradually inereasiDg 
strength. The aeid number of the anbstance is 
the percentage concentration of hydrochloric 
acid which extracts two thirds of the suhstance 
from an equal volume of its ethereal solution. 
For example, methyl pha;ophorh]des>a and ~b 
have acid numbers of 16 and 21 respectively. 
The former is completely extracted by 18% 
acid, the latter requires 23% acid. Extraction 
of an ethereal solution of a mixture with 17% 
acid leads to an almost complete separation. 
Tho proceilure cannot be osed snth compounds 
containing maOTesmm. such as chloropbyU itself, 
or the chlorophylhdes, unless the elimination of 
metal is immaterial 

From this point the structure and reactions of 
the more fully studied 4 component of chloro- 
phyll and Its degradation products wiU bo dealt 
nth exclusively. 

Cblorin-e — Two of the five ox}geo atoms of 
cbloropb\l]a aro m a carboxyl group which 
carries the phytyl mup. Two other oxygen 
atoms are present in ^e form of a carbometboxyl 
mup. This u comparatively hard to bvdrolyss 
by acids, but if ph!sophorbide>d is boded very 
rapidly with raethjl alcohoLo potash for 30 
seconds a tribasio acid eAlonn e is obtained. 
This yiehU a characteristio tnmetbyl ester 
(WiUstattcr and Utzmger, Annalen, 1911. 382. 
171). Tho change involves a hydrolysis of the 
stable carbometboxyl group and a conversion of 
the fifth oxygen into & tarbozyl group -. 
/CO.Me 

Cj.Hj.ON.C -b2H,0 

^CO.H 


part of a pseudo-scidic group. From U. Fischer's 
work this is a cyclic p kctonic ester grouping 
It was previously thought to be a lactone group 
Essentially the same change has been brought 
about by the conversion of methyl pharophor- 
bidc.a to the trimetbvl ester of chlonn e the ' 
action of diazometbane in methyl alcohol 
(H. Fischer and co-workers, Annalen, 1932, 498. 
194 ; 1933. 506. 107). 

llydrolysu of chlorophyll-o itself with potash 
under non oxidising conditions gives a aimilar 
reaction, but m this case the product is the 
potassium salt of isocAforopXylhn-a, 
C„H,iN4Mg(CO,K),. 

This Is converted into chlorin-e by treatment 
with acids, the atom of magnesium being ex- 
changed for two of hydrogen. 

IMjra’ixUM Allaii . — Alkalis at 

high temperatures convert the magnesium-free 


derivatives of chlorophyll, particularly chlorio-e, 
into a senea of f^rphyrtna. TTiese are red, 
crystalline solids with low acid numbers, and 
are based on the common structural umt, 
porpfitn (V) I 


CH 


CH 

i Hf!- 


CH 


3HC 

\ 


CH4 

!I 


CH^ 


Va. 

The conventional lettering and numbering of the 
porpbin group Is shown above, and a convenient 
abbreviation in Va. Porplun and the porphyrisa 
(which are its derivatives, substituted in the 
numbered positions) possess a characteristie 
type of absorption spectrum, and the power to 
form stable dcnvatives with inetab, in which 
the two immo hydrogen atoms are substitated, 
eg. by a divalent metal atom. The porphin 
nucleus exhibits » resemblance to the aromatic 
type (see Linstead, Chem. Soc. Annual Bep. 
1935, 32. 359). 

The porphyrins isolated from chlorophyll 
denvatives are tabulated below. They all con- 
tain tbe following substituenta : hydrogen atoms 
tbe a-, p; and S- carbon atoms, methyl 
groups on tbe 1-, 3-, 6-, and 8- carbon atoms, 
ethyl groups on the 2- and 4- carbon atoms. 
The other substituent groups are indicated in 
the table : 


Rhodoporphyrin, 
CmH„N4(CO|H), 
Phylloporphyrm, 
C,iH„N.{CO,H) 
Pytroporphyrin, 
CmH„N4(CP4H) 
vhyllomtioporpbyrin, 
C„H„N4 . . . 
I^rroietioporphyrin, 
C„H„N* . . , 
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Pyrroalioporpliyrin, tlic Inst-natncd and 
simple'll of fhcic compounds n as at one time be- 
lieved to be identical vritli the oxygen-free mtio- 
porpbjTin i'JoIntcd by degradation of the hremin 
of blood (aitioporphyrin-III). Although this is 
not the ca.se, the substances are very closely 
related, the rotioporphyrin from the blood pig- 
ment having an ethyl group in place of a 
hydrogen atom on Cj. All these structures have 
been confirmed by sj'nthcsis (H. Fischer and co- 
vorhers, Annalen, 1028, 461, 221 ; 1929, 473, 
211 ; 475, 211 ; 1930, 480, 109, 189 ; 482, 232). 
Pyrroporphyrin from chlorophyll has been 
converted into mesoporphyrin (VI), a degrada- 
tion product of h.Train. 



Drnftic Drgradation to Pyrroles . — Derivatives 
of chlorophj’U can bo converted into simple 
pyrrole derivatives by two methods, involving 
oxidation and reduction respectively. March- 
lew ski (.1. pr. Chem. 1902, [ii], 65, 161) o.xidised 
phvlloporphyrin with chromic acid to the 
nnliydrido (VII). WillsUittcr and Asnhina 
(Annalen, 1910, 373, 227) oxidised rhodo-, 
phyllo-, and pyrro-porphyrins and chlorin-c to 
a mixture of mothylcthj'l malcinimidc (VIII) 
and lifcmatic acid (IX, i.c. the iniide correspond- 
ing to I'll). 

O 

CO CO 

MeC --- C-CHj-CHj-COjH 

VII. 

NH 

/ \ 

CO CO 

I I 

MeC--- CEt 

VIII. 


NH 

CO CO 


Me 




CHjCHjCOiH 

IX. 


For recent work on this subject, see Fischer and 
Breitner (Annalen. 1936, 522, 151). 

Willstkltcr and Asahina (Annalen, 1911, 385, 
188) reduced phylloporphyrin with hj'drogcn 
iodide and acetic acid to a mi.xturo of alkyl 
pyrrolc.s eontaininc hremopyrrolc (X), kiypto- 
pyrrole (XI), and phyllop^'rrole (XII) : 


NH 

McC^ '^CH 

'■ Je. 


McC- 


X. 


NH 

/x 

HC CMe 


MeC- 


XI. 


-CEt 


NH 

MeC^ ^CMe 


MeC- 


XII. 


-CEt 


The facts enumerated above lead to tho 
following skeleton structure (XIII) for chloro- 
phyll -a : 

Et CH Me 



XIII. (Double bonds and pyrrole eavbon 
atoms omitted for clarity.) 

Tho magnesium atom is attached to nitrogen 
atoms because it is known that o.xygcn-freo 
compounds, such ns tho letioporphyrins, can 
form mngnc.sium derivatives. The carbon 
atom on Cy is the source of tho y-nioth}-! group 
of phylloporphyrin, and tho CO group on Cg 
is tho sourco of tho C-carboxyl group in rhodo- 
porphyrin. 

Tho full formula for chlorophyll-o, proposed 
by H. Fischer (Annalen, 1935, 520, 88), is as 
follows : 



XIV. (Pbrnophorbide-a has the same formula 
•with H, H for Mg, and H for phytyl.) 


It is not possible in the present article to give 
the complete evidence justifying the various 
structural features of this formula, other than 
those already discussed. Some of tho more 
important points are discussed below, and 
references arc given to tho original memoirs. 
The reader is also referred to the general biblio- 
graphy at the end of the article. 

(1) The general arrangement is the same as 
that of the skeleton structure (XIID. Fischer’s 
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formula (XIV) h not, however, based 
simple porpbm straeture, becau't the o ^ 
double bond between Cj and C4 is eatoiated * 
Chlorophj U IS therefore ft dihj droporphinderiva- 
tup. as first suggested by Conant (Conant and 
Kamerling. he. Conant. Chow and Dietz. 
J Amer. Chem Poe, 1934. 56. 2185) These 
saturated asymmetric carbon atoms are the 
seat of the optical activity In a recent paper 
(Annalen, 1936. 525. 259) Fischer and Laatsch 
have succeeded in removing the two ** eatra '* 
hvdrogen atoms quantitatively by means of 
filler oxide or sih cr acetate in acetic acid 

(2) Carbon atoms 6 and y are connected to 
form a eyflo pentane ring This nng contains a 
pseudo acidic P hetonic ester grouping, in which 
IS the earbomethoxj I group which, as has already 
been mentioned, re«L«ts hjdrol3*is It is this 
ring which i« opened when chlonn t is formed 
from phfpophorbide a The presence of the 
keto group was proved independently by' 
Fischer it at (Annalen, 1934, 508, 224) and 
Stoll and Wiedemann (Helv Clum Acta, 
1934, 17. 163) by the preparation of an oxime 
from methjl phacophorbide a The presence of 
the cye/opentanc nng is deduced from Fischer’s 
work on phitoporphifTtn «,,* 

C„H„OsN,. (XV, R=.CO,Me) 
(Annalen. 1020. 474. 63 . 1930. 478. 54. 284. 
480, 107) This substance is prepared bv 
reducing phTophorbide.a to a Icuco compound 
by meant ofhtdnodic and acetic acids, followed 
by aerial oxidation The whole process is an 
iiomerie change, iniolung the reduction of the 
tmjl group on C., followed by the removal of 
the two extra " njdrogen atoms on C^and C,. 
Ptiireperpiiynn-^f easily loses its carbo- 
methoxjl group by ketocuc fis'ion to jield 
* \phyUocri/1hnn (.\V, R = H). 

, ' Et CH Me 

Mer^ 



CO, HR 


This substance (Slarchlewski, Z phjsiol Chem 
1929. 185. 8) H al'O formed b}’ tfie biological 
degradition of chlorophjil. and can be isolated 
from the f-pccs of ruminants. Its etructure has 

* Ttic pr'liipfi oflhr ftroaif fiflnnsItHdroKPnslonM, 
plic-rd St C. and C. sl-O'c, cannot a* >rt lie rvcsnlrd 
as certain tor a p-Kslblc altcrtiatlic, jer Chem 80 c 
aniia.-il i.ep lulj, 32 3 <4. tlwher fropoiwa lodia* 
tliiKiildi llic«c ijlhjijro di rbafhcii, la Which htdroccii 
atoiiM arc idled to the porpliln miricu*. b> the 
e ncrsl term pAortin ( tnnali n. loic. S24. 

• The su"ix -e Implies the rrrpsnilan from a 
d'rivail'c of chtorophjlM the 5 rrfenito Ihe number 


been established by Fischer by analytical 
methods (.ktirvakn, 1931, 485, 1 ; 486, 107) and 
by STnthesis (ibid. 490, 91 ; 1932, 494, 86 ; 

497 . 181 ). 

(3) The reasons for placing the phjtyl group 
m the propionic acid side-chain, (Cj), and hence 
the methjl group on the carboxil adjacent to 
Cy are given by Conant and Hjde (J. Amer. 
Oicm Soc 1929. 51. 3668; 1931, 53, 2382, r/. 
Fischer, Su<, and Klebs, .Annalen, 1931, 490, 38). 

(4) The sobstitumt group on C, in chloro. 
phyll and the phorbides is vinyl (and not ethjl, 
as in the corresponding porphjrms). It reacts 
additnely (1) with diazoacetic ester (Fischer and 
Medick. Annalen, 1935, 517. 245) and (ii) with 
cold hydnodicacidin a stream of oxjgcn (“ 0x0- 
reaction," Fischer and Riedmair, Annalen, 1933, 
505. 87) The vin3l groups of the phorbides 
undergo the following changes in these reactions: 

(I) RCH CH.-(-N.:CH CO, Me 

RCH — CH, +N, 

CH CO, Me 

(II) RCH CH,-fHI -► RCHl CH, 

^ RCH(OH)CH, 

I serial 
^oxidstloo 
RCO CH, 

The Phase Test (Slelisch ) — This is a colour 
reaction gn rn by both forms of chlorophj 11, and 
by deniatixes such os the phorbides, ph'jllides, 
and chlorine, m which the dihjdropnqihm 
(pborbin) arrangement is maintained It is not 
giten by porphjTins An ethereal solution of 
cbloropSjUcr a derivative IS shaken withmcthjl 
alcoholic potash The colour changes from green 
to bright jellevv-browTi and then back to green 
The reaction is essentially an aerial oxidation, 
consuming two equivalents of oxjgen (Steele, 
J Amer Chem Soc. 1031. 53, 3171) A similar 
reaction occurs when an alcoholic solution of 
chlorophyll is evaporated to dryness or allowed 
to stand m contact with air. The chlorophj II 
IS said to be allomertsed and loses its power of 
crjatallisalion (Willstitter and Utzinger, An- 
nalen, 1911, 382, 129). This was first recognised 
ns 80 oxirfnfion 6y Conant tX aC. (J. Amer Chem. 
Soc 1931, 53, 359, 2382). The products formed 
in the«e reactions have been studied by Conant 
and by Fischer, but their chemistry is complex 
(r/. Chem Soc. Annual Rep. 1935, 32, 385). 

Partial Syrithtsi* of Chlorophyll — As has 
already been mentioned, Fischer and his co- 
workers have ejTithesised phjUoerj'thrin, (XA', 
R=H) For a complete ejnthesis of chloro 
phjil it IS necessary (1) to convert this into 
phacoporphj nn a, (.\V, R=CO,Me) j (11) to 
isoroense this to phaiophorbide a, (ui) to intro- 
duce the phytj 1 group into the side chain on C, : 
and (n) to introduce the central cngnesium 
atom into the phajophjtin so formed The last 
two stages have been achieved by Fischer el al 
(Annalen, 1934, 510, 156 : 1935, 519. 244) ; the 
remainder of the sj-nthetic problem awaits 
aolution. 

Chlorophyll b —This differs from chlorophj ll-a 
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mi tin 1 on C3 (formuin XIV), but the structure 
Ins not been eonclusntK c'^teblished 

Jlihlto^rnpht / ' — U illstatter nnil A. Stoll, 
" Untcrsuc)iunt!cn iibcr Chloropln II,” Berlin, 
1!)13 ; II 1 is( litr in Opp' nbeimer's “ Haiulbuch 
ill" Bioolumit,” I0’3, p .lol , lOlO, S” , 1933, 
202 , .ICS 1931, 24'. , B B. Linstenil. Chein 
.‘•DC Aniuinl Bil) 193'., 32, 3(12 ; 1037. 34, .37.3 ; 
for the occurrence of substances of the thloro- 
plnll sines in orgnnii minerals, sfc A Treibs, 
Angtw Cliim 1910,49,682 

R P L 

CHLOROPHYLLASE n an enzyme of the 
istcraso class discoccrcd b\ Willstatter and 
Stoll (Annakn, 1910. 378, lb , 1911, 380. 148), 
« Inch in cthj I .dcoliolic solution splits off phytol 
from i liloroplij II, forming cthj! chlorojibj Hide 
The cnzvme is uidclj distributed in Icaces It 
remains in the leaf residues after the chlorophjll 
his htin extra! ted uitli alcohol The method 
of pnparition has been iinproxcd b\ Xoaek 
(Hiorhcm Z 1927, 183, 1.35) It is inactnated 
m thi leaf poxxder bj dialjsis, but restoreel by 
the addition of CaCk 

ETA 

CHLOROPRENE t Botadieses and 

IhlEXOItriNS (GONJLOATI n) 

CHLOROXYL. Cinchophen hj droehlonde 
Qumophan hjdrochloridc Cinchophen is 2 
liheiijirpiinoline 1 carboxjlie acid, 

CcHj CsHjN COOH 

(A7i I, I/,/, London), B P C. 

CHLOROXYLONINE. CjjHjjO-N, an 
alkaloid occurring in East Indian satinwood 
(I'r 5 om Ao/iiif) {ChloTOxylon s\rielema DC 
itiitaccie) It crystallises from EtOH in 
colourless prisms, in p 1S2°-I83°, [a]j® —9° 18' 
(in thioroform), IS soluble in excess of ammonia 
solution and is neutral to litmus 'i'he salts arc 
erystilline and dissociate in H;0 , aurithloridc, 
B HCI AuCU, groups of reddish jcllon needles, 
m p. 70". Chloroxy lonino contains four mctli. 
oxjl hut no hydroxyl groups (Aiild, .ICS 1909, 
95, 001) It jirodutcs dermatitis nhen applied 
to the skin and is the cause of tins trouble some- 
times experienced by' satinnood workers (Cash, 
Bril Med ,1. 1911, Oct 7, and Bull Imp Inst 
1911, 9, 351). 

G B 

CHLORPICRIN or CHLOROPICRIN. 
(3’richloronitromethnnc), CCI, NO,, is formed 
by thei action of ar/iin regta on many organic 
compounds, eg cymenc, styrene, etc (Datta 
and rcniandcs J. Amer Chem Soc. lOltj. 38, 
1813), on acetone or the by-products of the 
acetone industry (Boyd, ,I SCI 1927, 44T, 222), 
and by the action of nitric acid alone on many 
aliphatii cliloro compounds such ns chloral 
and chloroform (Danhill and Soarc, Bui Soc 
Roinflna .9tiint, 19.32, 35, 53). It is most readily 
prepared by the action of cliloniiating and 
oxidi'tng agents on organic nitro compe.unels , 
thus Green anil Rowe obtained chloropicrm by 
tre ating nitro p pin ny lerie iliaminc', elinitranilmc. 
nitro acetyl iihein lenediamine, etc , with sckI- 
Him hypochlorite. 'Ihe oxidation of picric and 
or Its salts eeith chlorine and bisie materials 
to ynlil chloropicrm forms the subject of m iny 
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patents differing chiefly in the nature of the 
basic constituent uhicli may be a metallic oxide, 
carbonate, or borate (BP 142878), hme (L S P. 
141.3198 ; see also rr.alim, Rec tr.ix chim 

1931, 50, 1127), or bleaching ponder (L S P. 
1327714, 199G3S8), etc 

Chloropicrm is a mobile oil, m p — GO^C , b p. 
112 C, of great chemical aetix itx , solutions in 
organic solxcnts often depositing ammonium 
chloride in the light (Piiitti, Gazzetta, 1921. 51, 
1, 14.7) or yielding other products bx photo- 
chcmieal rc,action (Alexcjenski, Chem Zentr. 
1933, 1, 3G83) Reducing agents rcadih .attack 
eliloropicrin, iron and hydrochlonc and gixing 
a theoretical xield of methxlauuno (I'rankland 
el al , .1 C S 1919, 115, 159) xehile mcrcaptans 
arc reduced with formation of disulphides 
(XVkrassow and Mclnikow, Ber 1929, 62, [B], 
2091). Gngnard reagents eficet replacement of 
the three chlorine atoms by alky lor an I radicals 
aecompanicel b\ luminescence (B e dlanel Z. 
Pliysik, 190G, 4. 417, .\sling and Duilord, 
Phxsical Rev 193.1, [2], 44, 315) 

Chloropiorin is best recognised bv the colour 
reaction w ith dimethj l.iniline paper or by the 
formation of nitrite on reduction with metaihe 
calcium (Alcxejcw ski, J Chem Ind Russ 1951, 
8, 50) Quantitatixc determination in the 
atmosphere is cflectod cither by absorption 111 
acetic acid and reduction with iron, or by 
thermal decomposition ov er potassium carbon ito 
at 350°, the chlorine m both methods being 
estimated gra\ imetnc.illv (Deckert, Z. Hjg 
1929, 109, 485) 

Chloropicrm is highly poisonous (toleration 
limit for man, CO cu mm per cu in. air ( Plury , 
Z ges exp Jled 1921, 13, CC7), causing lacliry. 
mat ion, coughing, xomiting and encntually 
death by ox orw helming edema of the lungs 
It has a corrosixc action on the skin and fre- 
quently produces abscesses (Underhill, Ai ch Int 
Jleel 1919, 23, 753), exposure of xxounds, cuts, 
etc , to its action inx ariablj producing ulceration 

The lethal properties of chloropicrm haxe led 
to its xxide use as a disinfectant (P P. 077340), 
prcserxatixo (Plucker, Z Enters Lebensm. 

1932, 63, 313), insecticide, fungicide, fumig.int, 
etc Its ready' detection recommends it as a 
warning agent m illuminating gas (G P. 
447C55) and in hydrogen cyanide (Zentr. 
Gewerbehyg u Unfallx erliutung, 1927, 14, [3], 
Go , US P. 19494CC) It has found many other 
uses, among which may be mentioned its use m 
xcterinary practice (Chem. Rep. U .S Dept 
-Agr. 1924, 12), the purification of xaccincs (I'.P. 
012075), and the extermination of nits, foxes 
and other pests (Compt rend Aead Agric 
Ernnce, 1921, 7, 508) .Among purely ohenucal 
uses may bo mentioned its employment in the 
manufacture of crystal violet (C.S P. 1 4021 95) 
and ns an oxidising agent in the synthesis of 
quinoline and derixntixcs (B P. 198402) Cliloro- 
picrin Ins been used in gas warfare and is 
rcgnnled ns the txpical gas of the non persistent 
deadly type (1 Chemical AVaki xke) 

Literature . — Bex lew of important work up to 
and including 1931, Jackson, Chem Bex 1934, 
14,251. Complete summary 1848-1932, United 
States, Dept of Agric., Miscellaneous I’ubli- 
eatioiis, 2x0 170. 



so CHLORQUINOL. 

CHLORQUINOLi 2-eliloro-1.4-di!iydfo*y. pouted in plain or tnilk chocolate, to give nut 
beniene, Bi p. 100% b p. 263’. chocolate and nut milk chocolate. All these 

CHLORYLEN. Abrandoftrichlorethylene. forms of confectjonerj’ chocolate are run. whilst 
Used aa an antinearalgio (^c^eriny, London), still in a molten condition, into moulds, giving, 
B.P.C. on cooling, ba«, blocks, cakes and numerous 

CHOCOLATE, from the Mexican word fancyahapcs. 

“ Choeolatl," is the term appLed to certain types Many types of chocolate confectionery are 
of cocoa preparations intended for human cm- manufactured and sold, in •svhl^h the chocolate 
sumption, either m the form of a beverage or as forms *n envelope or co\ enng for other sub- 
a confection. ICo legal standards hare been stances such as creams, biscuits, dried fruits, 
adopted in the United Kingdom, although pro- nuts, fruit jelly.Lqueurs.andmedieinal prepara- 
posaJs to this effect have been made (eg. B. tions such as pills Tlie most important of these 
U'hymper, Congress of Cocoa and Cho^ate fancy preparations are the creams. The mtenor 
Makers. Berne, 1011, and K P. Booth. Seaenth cream « made either of powdered sugar or a 
International Congress of Applied Chemistry, mixture of this with glucose, with or without 
1900). The majority of chocolate preparations flavouring and colourmg materials The niv- 
contain sugar, but some, usually prepared for tore >a heated until it melts and, while m the 
special purposes, are unsweetened or have liquid state, is poured mto starch moulds of the 
tacchann as the sweetening agent. Those to bo desired ahape on a tahlo which can be agitated 
consumed in the form of beverage often contain by mechanical means. On cooling, the crennis 
a certain proportion, about 20^o> ®f arrowroot set into a stiff granular mass They are then 
or some other farinaceous substance. They may coaled with the hot liquid chocolate paste In 
be in block form or as finely ground powder, order to render the paste more mobile when 
The proportion of chocolate, however, is heated and to gno smoothness to the finished 

in the form of confectionery and tins also falls article, additional fat is added to the chocolate, 
into well-defined classes This may bo cither cocoa butter or a substitute 

^lenu/acture — The must simple type » fat such as illip6. The covering is effected 
what IS usually known as plain chocolate, eon- either by dipping the creams in the pi«te or by 
iistinges-entiallyofcoeoaand sugar. Thecocoa, pounng the latter oter the creams, uniformity 
in tlic form of block cocoa from fermented beans being increased by means of the rocking table 
(«« Cocoa), u first prepared by grinding in a In recent years niiicbmery has been devised, 
mill ^tween granite or steel rollers at a tempera and m now in use, to carry out the coMrmg 
ture (approximately 33*-l0*C ) sufficiently high process. 

to melt the cocoa butter present and to ^uce Chfmttat £xamijuitien — The chemical cx 
the wbole to liquid form In order to give a amination of chocolate follows well defined lines, 
product which is smooth to the taste, tho the pnsvipal features being the extraction, 
particles of fat free cocoa must be ground as determination, and examination of the fat, tha 
finely as (lossible. Mason (Analyst, 1933, 58, determination of the percentage of sugar, and a 
4-(0)8ttitesthat 10 well known proprietary brands microscopical examination of the fat-free residue 
(he maximum length of the particles vaned from which wul indicate the necessity* for tho deter* 
1 to 200^1 The sugar used in the manufacture ounation. if present, cfcocoa shell or farinaceous 
of good class chocolate consists of white high matter. In the case of chocoIate-coi ered goods 
grade crystals, while in lower quality cboco* the covering ond intrnor are separated, the 
latcs an inferior grade is sometimes u<ed. It proportions determined, and the two parts then 
should be dried and ground to a fine powder examined independently. 

end may, with adiantage, be warmed pre Owing to the extensive use of substitutes for 
xiouily to admisturt. in order to maintain the cocoa butter the complete extraction of the fit, 
temperature of the ina«8 In special cases where not only for the determination of the proportion, 
sugar IS inadmissible, as in chocolate intended but also for its subsequent examination, h a 
for use by diabetic subjects, tbe sugar is replaced matfevof considerable importance. Thefeoxhict 
by saccharin It is then usual, in order to method, using light petroleum as a sobent, 
pie the necessary body to the chocolate, to takes considerable time, and various methoils 
add some form of meal or flour (preferably have been suggested, for all of which rapidity, 
leguminous) and peA, bean, or hnseed rural are without lossofaccuracy.isdnimed. Bloomberg 
preferred for this purpose b'lavounngs, chiefly suj^ests extmction for 4 hours with anhydrous 
xaniUa, but less frequently cinnamon, closes, ether In support of this, Fincke (Bull Off. 
m ice. nutmeg or their essential oils, arc almost intern fabr. choc. 1932, 2, 327) states that, if 
invariably added, usually in alcoholic solution there is a possibiLty of a substitute fit being 
In the cheap forms of pHm chocolate substances present, ether is preferable to light petroleum, 
art* u<ed which many regard as adulterants. «ls the latter will not dissolie out the wax which 
Chief among these are wheat or potato flour, is likely to be present la tho adulterant fst- 
nee, arrowroot, dextrin and ground cocoa shell Lepper and Waterman (J. A«»oe Off. Agnc. 
Milk cbocolalo is prepared by including in the Chem. I92.‘>, 8, 703), however, state that pre- 
molten mass a certa'Jt quantity ol dried roflk Imnnary drying is necessary and, further, that 
I>owdcr Although, of course, the proportions the method is inaccurate owing to the extraction 
used by different makers vary greatlv, tho of theobromine* ond other sub"tancci They 
following may be regarded a.s a typical com- suggest a method of exhausting the sample by 
j*osition : 13% fat free cocoa matter, 23% several extractions with lii;ht petroleum, collect- 

cocoa butter. 40°^, sugar, and 20”o ™dk powder mg the extract lu atareil Krlcnmeyer flask, and 
JJuls, chiefly hazel or almond, arc often incor evaporating the solicnt, drying, and weighing 
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in the nsnal manner. Hughes (Cliem. Neu-e, ; 
1919, 119, 104) suggests that the sample should 
be subjected to two preliminary washings with 
.'jn% alcohol, the mi.tturo being centrifuged and 
the liquid decanted off. The process is then 
repeated several times with a mi.xture of equal 
volumes of ether and light petroleum, the suc- 
cessive ethereal l.ayers being decanted off into a 
tared flask, the solvents evaporated and the 
fat dried and weighed. In order to avoid 
the evaporation of the solvent and tho weigh- 
ing of the dried residue, Hnsso and Bake 
(Chcm.-Zig. 1923, 47, 597) suggest the extraction 
of tho fat by a mixttirc of equal volumes of ether 
and methyl ethyl ether. Tho difrcrenco between 
the respective refractometer readings of tho solu- 
tion and of tho solvent is referred to tables 
which give the appropriate jiercentago of fat. 
Bully (Mitt. I>cbcnsni. Hyg. 1926, 17, 75) 
has attempted, with some slight modification, 
to apply the (Jerher method of estimating fat 
in milk, cheese and meat. The jirescnco of sugar 
in tho chocolate presents a complication on 
account of its carbonisation by the sulphuric 
acid. It is claimed that this has been overcome 
by treating 3-5 g. of tho chocolate with 20 ml. of 
ether in a strong walled tube. The mixture is 
well shaken and centrifuged j 10 ml. of the clear 
liquid can then be transferred by a pipette to a 
hulyrometer containing 13 ml. of sulphuric acid 
(density 1'5). This is shaken vigorously, centri- 
fuged for 5 minutes, and tho reading taken, 
lliirtel and Jaeger (Z. Xahr.-Gcnusam. 1922, 44, 
291) suggest that tho total fat should be ex- 
tracted from milk chocolate with light petroleum 
and its Beicbert.Mcissl value determined. This 
value, roultii'licd by the percentage of fat and 
divided by thirty, gives the proportion of milk 
fat, which is taken to be one-quartcrof tho whole 
milk solids. In a later communication, how- 
ever, Hiirtel (ibid. 1924, 48, 32) states that if a 
certain kind of milk ponder has been used, it is 
impo.ssiblc to obtain all the fat by c.xtraction 
with ether nr light petroleum. In considering 
tho fat extracted from milk chocolate, the 
possibility that skimmed milk has been used 
should not bo ignored. Tho butyric and saponi- 
fication numbers alTord a reliable and rapid 
indication of this. 

The jiroportion of sugar present can rc.adily 
1 k' determined by the polarinietcr, after clarify- 
ing the solution with basic lead acetate. For 
accuracy in this method von Fcllenberg and 
BufTy (.Milt. Lebensm. Hyg. 1932. 23, C) state 
that certain jirecautions, which they describe, 
are essential, owing to the disturbing effect of 
the fat-free cocoa matter. JIacara and Hinton 
(Congris. Intern. I'abr. Chocolat. ct Cacao, 
1930, 311) have made an extensive investigation 
of the subject and evaluated the. various known 
methods for ]dnin and for milk chocolate. Tlie 
examination of the latter presents special 
dinieulty, ouiug to the varjing and uncertain 
rbaraeter of the milk used in manufacture, 
llfirtel and Jaeger (/.c.) give a method in xvliieh 
the amount of milk solids is determined from 
the ciiutent of milk fat (e. fiipra). IVhilsf the 
determination of the l.'itto.'C must lie made on the 
original substance, tho proportion of casein can 
be determined by tre.ating tlic fat-free dry residue 


with sodium carlionato, ns described in the paper. 
This is elaborated by Boythien and Pnnnwitz (Z. 
Nahr.-Gcnussm. 1923, 46, 223) who state that 
tho ratio of casein to lactose in twenty milk 
chocolates varied from I-IO to 2-74. A method 
of determination of tho milk content of choco- 
late, based upon the proportion of CaO in tho 
ash, is suggested by Grossfcld {ibid. 1922, 44, 
240). 

The presence of lecithin in cocoa and its pre- 
parations is of technical, and therefore of 
chemical, importance. Although tho reason is 
not clear, the presence of lecithin promotes tho 
mobility of hot cocoa or chocolate mass, but 
this is not so marked when milk has been added. 
Nottbohm and JIa5’cr (Z. Unters. Lebensm. 
1933, 65, 55) hax-e stated that free lecithin is 
absent from cacao beans but that choline from 
phosphatidcs, other than lecithin, imvy occur in 
the alcoholic extract, possibly produced by the 
action of the hot alcohol or by the roasting 
process. It is generally accepted, however, 
that some lecithin is present in the cocoa mass 
in varj'ing proportions under 1%. The pro- 
portion is sometimes increased by tho addition 
of eominercial lecithin, thus making possible tho 
extraction of an additional 5% of fat without 
loss of mobility in the hot mass. Various 
methods for the determination of lecithin have 
been proposed, one being the iSoxblct extraction 
with alcohol, the solvent being evaporated off 
and tho rc.siduo treated with 30% HoO, and 
sulphuric acid. The solution is then neutralised 
with ammonia and tho jiho.sphato from tho 
lecithin precipitated with a mixture of strychnine 
nitrate and ammonium molybdate. The pre- 
cipitate is iiltcrcd, dried and weighed. Winkler 
and Sale (J. Assoc. Off. Agric. C'hom. 1931, 14, 
537) after extracting xvith alcohol and light 
petroleum, take up the dried extract with chloro- 
form, add alcoholic potash, and evaporate again 
to dryness. Tho residue is then taken up in 
nitric acid and tho P2O5 determined. Avent and 
Morgan (J.S.C.I. 1932, 51, 169) consider that 
tho beat solvent to use in the extraction is a 
mixture consisting of four parts of benzene and 
one of alcohol. 

If the microscopic examination of the fat-free 
rasiduc indicates the presence of foreign starch 
or shell, the former can bo e.stirnated by the 
ordinary diastn.so method, allowance being made 
in the calculation of the result for approximately 
14% of starch in the fat-free cocoa material, 
although it is better to make an imhqicndcnt 
determination of this value. The proportion 
of shell can bo estimated by delermiimtion of 
the cnide fibre, allowing for 6-10% in the fat- 
free rib and 1 8-25% in the fat-free .shell, although 
in this c.aso also an independent determination 
of the standanls is to be advised. OlTutt (.1. 
Assoc. OIL Aerie. Chem. 1932, 15, 540) sugge-it.s 
certain modifications which render the fibre 
method applicable to milk eliocolate. .Tensen 
(“The Chemistry, Flavouring and Manufacture 
of Choenlato Confectionery and Cocoa ”) quite 
properly emiilinsises the 'point that the fibre 
determination alone is probably only positive 
when over 2.5% of shell is prt-,cnt.' .V more 
decisive analytical interpretation mav be placed 
ujKin the ratio of the nitrogen to fibre uhicli 
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differs verj eonsiderably for nib and husk ; butfeis ” or “ green butters *' are used, and, 
fibre'nitrogen for the former being 0 99-l‘27, more recently, hydrogenated coconut and palm- 
a\ erage 1 2, and for the latter 5 3-6 0, aTeiage kernel oils ; the latter are harder than the corre* 
5 6 spending natural fats, and are also claimed to 

The dietetic value of chocolate has often been assist in the prevention of “ sugar bloom " of 
emphasised and has been the subject of con- chocolates. The u«e of hydrogenated oils, such 
siderable discussion Knapp (“Cocoa and as arachis. cottonseed or sunCoiver-seed oils, of 
Chocolate,'’ 19J0). quoting from the Jounial of appropnate melting point has been proposed, 
the Ro\al Agncultural Societ> of 19U, states bnt as a mlc the texture of such products w not 
that the “food aaliie” of the cacao bean is satisfactoiy The use of Dikft fat (j c., from the 
reprc'cnteil by 183 units as compared wrth seed l^mcls of species of Irtinjia), •nhich 
turnips 8. carrots 12. potatoes 26, nee 102, possesses a suitable melting point and “ snap “ 
wheat 106, peas 1 13, and oatmeal 117 He also has also been suggested from time to time {ef. 
quotes the United States Department of Baudon, Bull. Mat Grasses, 1926, 10, 38). 
Agnculture to the effect that the fuel xalw in It may he noted that the definitvop.s foe 
lb. calories of cocoa (0 5 oz to 1 pint of water) chocolate products adopted (the English delega- 
is 65 compared with tea (0 5 oz per pint) 15, tion dissenting) by the Infemstional Congress 
and coffee (I 0 oz per pint) 16. The Jigures of Manufacturers of Cocoa and Chocolate at 
reprerent the products without mslkot sugar AntwerpfWSO) intentionally imply apcohibition 
He st.ites that 1 pmt of cocoa made of one third of the use in “ chocolate '' of fats other than 
milk. J oz of cocos, and 1 oz of eugar would expressed cacao butter the veto also extends 
ha\ e a fuel \ alue of 320 calories, and is therefore to the use of soli ent extracted cacao fat or the 
cquii atent, in this respect, to i lb of beef or fat fcotn the germs and shell of the cacao bean. 
4 eggs Knapp further quotes data showing Similar standards bare been adopted or are 
that eating chocolate has 2,538 ealones per lb under consideration in the food legislation 
compared with eugar 1,815. oatmeal 1.811, of many countries, including Austria, Belgium, 
bread 1.180 beef steak 960, eggs 594. milk 314. Germani. Italv. the United States, Switzerland, 
potatoes 302. apples 214, and cod fish 209 France. New Zealaod andSoutb Africa, whichin 
Sasaki and Wakaismi (J Agne Chcro Soc general forbids the undeclaredmclusionincboco- 
Japan. 1032. 8, ICO) found that plain chocolate bte products of all fats other than expressed 
containwl antincuntic iilaram B. 3 g ofehoco cacaobutter(ep, art. of course, from tbeincidcntal 
late per day being enough to cure antincuntic introduction of milk fat or nut'fats associated 
vitamin deficiency in pigeons Jensen (/<). with the corresponding ingredients of milk or 
however, considers that the vitamin content of nut chocolates) The Imperial Economic Corn- 
ordinary plain chocolate is uoimportant. but mittce in its Report on “Cocoa" (22nd Rept. 
the consumption of good class milk chocolate S8'503;22. 1932, H.^[SO) has recommended 
ensures valuable calcium and phospbonisaasimi that analogous legislation forbidding the use 
lation by the definite vitamin D activity of more than a small proportion of cacao butter 
Vitamin A is also present m proportion which substitutes in the manufacture of chocolate 
, increases the food value of milk chocolate Mstes, etc, should bo enacted in the British 
} F. O H. T Empire , the provision of a small margin for 

CHOCOLATE FATS (Confectionery other fats is suggested in accordanro with 
Fats) I nder this name may be grouped those the amendment of the English delegates to the 
fats w)iich are employed in the manufacture of Antwerp Congress, m order to allow the non- 
chocolatcand confectionery, for w hich purposes fraudulent inclusion of wholesome materials 
a nongrcisv, digestible fat, which displsvs a which might genuinely improve the product 
peculiar haul and hntfle consistency {“ snap ") Up to the present (1038) no legislative steps 
together with a relatively low melting-point (not have been taken to implement the Committee’s 

over ST'-JS'C ) is required This particular recommendations m the United Kingdom, where 

combimtion of properties is well exemplified the chocolate manufacturers regard such 
by cacao-butler (je), which is both the regulations as undesirable, 
typical and most prized fat of this class, and E ^ 

IS cniplovetl for the highest grades of chocolate. oHoCHOLANlC ACID c. Cardiac Glyco- 
etc. , but for cheaper products, cacao butter sides (Vol II , p 383a). 

may be replaced, cither wholly or m part. CHOLELYSE. A preparation of oleic acid 
by cheaper substitutes Animal fats, which for cholelithiasis. 

were use<I m earlier days, are liable to irapart CHOLESTEROL is a merober of a group 
an unpleasant “ animal flavour ” to the choco of naturally occurring unsaturated secondary 
late, and at present only edible fats of vegetable alcohols, containing a nucleus of four redoced 
ongin are employed. Among the most impor nngs. The presence of some one of these sterols 
tant of these are Borneo (lUip^) tallow (71) acema to be essential to the life of all cells, but as 

(which, apart from its faintly greenish colour, jet little is known as to tho part they play 
closely rewmbles cacao butter in physical intnetabohsm. Inthetissucsofanimals.vnththe 
propertK’s, and forms an excellent subeiitute) exception of certain invertebrates, cholesterol is 

and the refined and deodonsed stearins” present and appears to be synthesised in tiw. 
nrcpvml from coconut and palm-kemcl oils Sitottfnl and sHgmasterol occur in plant cells 
by removing the softer portions of the fat and the highly unsaturated trgoslerol is a 
by cxpre«,«ion ; m addition, babassu and rharactczutic of many fungi («?• yeast, ergot, 
munimuru fats (r Cocoxcr Oil Gnocr) and moulds). 

aomcliraea shea fat and other "legetablo In 1775, cholesterol was discovered by Conradi 
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in pall'-^tonc^, of which it forms the chief con- 
ftitiient. It orenrs either free or as its fatty 
acid esters in all animal tissues ; brain and 
nerve th=ue, suprarenal pland.s and egg 3-olk arc 
particularly rich in it. It is readily extracted 
from gallstones ; it roav he prepared by grinding 
up sheep's brain or other animal raw material 
Mith sand and plaster of Paris, or the minced 
tissue maj- be dried at 100’, ground in a coffee mill 
and the mass c.xtracted uith ether or acetone. 
The residue from the extract, after remo\-ing the 
solvent, is saponified with alcoholic potash, the 
alcohol distilled off and the cholcafcrol .separated 
hj' extraction with ether. The formation of 
emulsions max' he largel3' avoided 1)3- Eaponif3'ing 
the ether e.xtract of the tissue xxith an alcoholic 
solution of sodium ethoxide at ordinary tem- 
perature. After filtering off the compact 
mass of soaps which separates, the cholesterol 
crystallises out on concentrating the alcohol- 
ether fdtratc. 

Propertiff . — Cholesterol is insoluble in water. 
sparingl3' tohthle in cold, casih- in boding alcohol 
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(sp.gr. O-St). and in CHCI3, ether. CS,, les.s 
soluble in acetone, petroleum, benzene and 
glacial acetic acid. It is soluble in fat.s, fatt3- 
acids, and in solutions of bile salts. It crystallises 
from ether or CHCI3 in silky needles, tn.p. ISO’ 
(coiT.), from 90% alcohol it forms characteristic 
plates, containing one molecule water of crys- 
tallisation. Sp.gr. 1-O^C optically active; 
fa]i, — 31-12’ in ether solution, — 3C-G1° in 
CHCI3. Sublimes unchanged at 200’, but is 
decomposed at higher temperatures, hydrogen 
being evolved at 300°-320’. Distils unchanged 
in vacuo. 

ConslUulion . — Our knowdedge of the structure 
of cholesterol is based on a long scries of 
researches initiated b3- Mauthner in 1893 and 
carried out b3-, amongst others, Diels, Borsche, 
and cspccialU' by Windaus and his co-workers 
from 1903-1932. The formula which now finds 
general acceptance is a modification by Wicland 
and Dane (Z. plu-siol. Chem. 1932, 210, 268) of 
that advanced by Rosenheim and King (Chem. 
and Ind. 1932, 51, 464, 954). 
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The connection with the bile acids first 
suggested 1)3’ Lifschutz (Bcr. 1914, 47, 1459) 
was dcfinilcl3' c.stablishcd by Windaus and Ncu- 
kirchen (Bcr. 1919, 52, [B], 1915) ; the researches 
of Wieland and his colleagues on the structure of 
the bile acids have led to the identification of a 
series of degradation products, common both to 
cholesterol and the bile acids, which has been 
of the greatest importance in establishing 
their constitutions. The similarity of the 
structure of these substances with that of the 
group of sexual hormones is also of physiological 
importana-. 

Updrojcnation . — Reduction with platinum 
and hxdrogcn givc.s cholcstanol (dihx-drocholc- 
slerol), in.p. 142’ (Willstfittcr and 31n3-cr, Bcr. 
1908,41,2199), of which coprostanol (coprosterol) 
occutring in the intestines is an isomcride 
(Don'-e and Gardner, .T.C.S. 1908, 93, 1625). 
Reduction with nickel and lydrogen at 
200'’ gave a mixture of dih3-drodcrivatives, 
S- and c-cholcstanols ; S-cholcstanol on boiling 
with 0103-1 alcohol and sodium am3-l oxide gave 
eoprosterol, separated ns the digitonido and 
Tccovci-cd from this bv boiling in X3-lone 
(Windaus, Bcr. 1916, 49, 1724). S- and c- 
t’holc.stnnols were shown to Ire the isomeric 
forms of cholcstanol and coprostanol rcspec- 
li'cK- which depend on the inversion of the OH 
group. Xeither 8- nor c.cholc.stanol gives a 
pn-cipitatc with digitonin and they should now 
Ik- known ns fpicholcstanol and rpicoprostanol 
re<[H-ctivcly. 


Oxidation - — Various oxidising agents, c.g. 
nitric and chromic acids, have produced a long 
series of oxidation products some of which are 
referred to below. By the action of ozone an 
ozonidc containing 7 atoms O is formed (Doreo 
and Gardner, ,I.C.S. 1908, 93, 1328; 1909, 95, 
6.38; 1916,109,46). 

The Presence of a Secondary Alcohol Group 
was proved since the ketone cholcstenone (m.p. 
78°) was formed by oxidation xvith CuO at 
300’ (Diels and Abderhaldcn, Ber. 1904, 37, 
3092) or bV’ oxidation of cholcstcryl bromide 
with chrorriic acid in acetic solution at 70’ 
(Windaus, Ilcr. 1906, 36, 518) and removal of the 
Br 63- zinc and acetic acid ; in the latter reaction 
Tschcschc has shown that the ethenoid link in 
cholcstenone has mox-ed from the 5:6 to the 4:5 
position. 

The Position of the Ethenoid and Secondary 
Alcohol Groups . — Originallv Windaus postulated 
the presence of a terminal vin3-l group ; if, how- 
ever, cholesterol is oxidised with fuming nitric 
acid(Windnu.s,Bcr.l903.36,3752; 1917,50, 133) 
and the unsaturated nitro-dcrivativc obtained 
treated xvith zinc and acetic acid, nitrogen is 
removed n« ammonia and the kcto-alcohol, 
cholrstanonnh Cj^HjjO; (m.p. 140’), is formed, 
which on fiirther oxidation xvith chromic acid 
gives rhokdantdione (m.p, 170’-171°): this 
may aLo be obtained 63- oxidising cholesterol 
with cold chromic acid or KOBr solution to 
cholrstanlrioh oxidising further to cholrstanone- 
dial, splitting off water and reducing the 
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cholcstraedione thus formal (Wiadaaa ftod COj oa heating. The carbiflol and ethecoid 
Kirchner, Ber. 1920, 53, [B], 614). groaps innst therefore be in eeparalc nng«, and 

If cholostanonol is conTcrted ta lie corte- since no two carboxjl groups can be attached to 
fpondirg chloroketone, the latter on oxidation the same carbon atom, the — CH CH — and 
and rednetion yields a C,, dibasic and which on — CH OH groups must also be separated by at 
furtWoiidationisconTertedtoatetrabaMcadd least two carbon atoms (Wiodaus and Ton 
containing 27 C atoms, and which does not loee Stadcn, Ber. 1921, 54, [B], 1059). 
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Slrveturt of tAe Side-theitn — Oxidation of dibasic acid produced was concerted to an aohy- 
cholesterol with futnc and led to the isolation dndeandbyapplyiDgBl3ne'8rulethsta6 carbon 
of a tenca of products amongst which Windaus chain dibasic and (e ff adipic) on heating girn s 
(Z physioL uem. 1918, IM, 160; Wtodaos cycbe Letooe and a 6>carboD dibasic and (eg. 
and Itecau, ^r, 1913, 46, 1246) identified glutanc), an aobydnde, ad carbon nng structure 
dinitrowopropaoe, and acetic, euccuuc, methyl was attributed to Ring II. Tbe same reasorung 
euccuue, and a glaUnc anus, acetone, hydroxy* led to a S'carbon nng structure bemg later altn* 
uobutyne acid, methyl wohexyUcetone and mo> butedto Ring IV. Tbe applicability of the BUne 
ocUne.eachofwbichmayberegardedasdenTed role to tbe determmstion of nog structure wsi 
from an S'carboD side chain haTuig tbe structure cntirjsed by Rosenheim and King (Chea. 
— CHMe(CH,], CHMe,. Since acetone and and lod 2932, 51, 464) and on other grounds a 
cholanie and are formed by the oxidation of 6 carbon nng structure is now attributed to both 
corrostane, which ts known to contain the same Rings 1 and 11. Evidence that Rings III and 
aide.cbsm as cholesterol, this etructure for the IV are present in the nucleus of cholesterol 
side ebam was confirmed when WteUnd, Jacobi, was suppLed by tbe work of IVieland and his 
and Schlicbtmg (Z. physiol. Chem 1926, 161, colleagues on the bile acids (j.r.). By bactensi 
80), by means of alternate Gngnard eondensa* reductiOD of cholesterol in tbe mtestmes, ropro- 
tions and oxidations, removed successive sterol, isomenc with dihydrocholcsterol, is 
carbon atoms from the side-chain of cbolamc formed. This gives on reduction p«eudochoIc- 
and unto finally setiocholanone, etaue (isomenc with choleatane) which on oxida* 

tion yields a cholantc acid identical with that 
ySS* «A)iJairsi*if'oaritl«‘t'ihnlu'«rviti’*n'Julc fllv.thw* 

^u^ssv I hydroxyl groups of the latter mav be reduced 

'CH, giving C,,H|gO,, cholanic acid. The saturated 

hydrocarton, cholestane, obtained by 

(mp. 105^), was left, tbe ketone group being complete reduction of rbolesterol (Ilauthser, 
present in nng I\’, to which the side-chkiD was hlonatsh. 1907, 28, 1113; 1909, 30, 635) 
attached. yields on oxidation acetone and crystalhne 

Rtn} Strueiure of the iV'iieleur — Up to 1931 choUmc acid, C.iH.gO, (IVindaus and Nco- 
the presence of two reduced rings had been kircben. Ber. 1919, 52, (BJ, 1915) isomeric with 
eatablished in the cholesterol molecule Ih- bBe cholanie acid. The cmpincal formula 
hydrocholesterol on oxidation gave the dibasic C,,H„ for the saturated hydrocarbons chole- 

acid which on heating lost CO,and staneandcoprostanc.itselfindicatedthepretcnce 

water, givmg a cyclic Icetouc, C,,H4,0, and ofa 4 nng s) stem (Diels and Linn, Ber. 1908,41. 
thu on further oxidation gave a C,, -dibasic aad. 544). Further knowledge as to the structure of 
which lost water on heating, forming a cyclic the sLeleton of the sterol nucleus was supplied 
anhydride. Tormgl.therefore, by Blanc's raea by the work of Diels etui. (Ber. 1927,60, [BJ. HO, 
cyclohexane structure was assigned (Windsos Annalen, 1927, 459, 1) on the dehydrogenation 
and Palmer, Ber 1919, 52, [BJ, 162). IVhen product* of cholesterol and choLc scid- 
cbolestene, contaimng the unsaturated link in klanthner and Siuda (llonatsheft. 1896, 17, 29) 
Ring II. was converted through its mtro-denvs- obtained as thermal decomposition products of 
live to a ketone and tbe latter oxidised, the cholesteiyl chlonde, a mixture of hydiocMbou 
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of the fonnula Cj,Hjg, -which no longer con- 
t.n'ncd the 8-carbon side-chain of cholesterol; 
from the dehydrogenation products of this com- 
pound by hydrogen and selenium at 240’-310'’, 
Diels isolated chiy’senc. Cholesterol similarly 
treated gave chrysene and two hydrocarbons, 
C,sH ,8 and CjjH.,. The presence of four rings 
in the nucleus' nas therefore established. The 
hjdrocarbon C,gH,8 was identified by Rosen- 
heim and King and by Kon ns 3-methylcyclo- 
pcntcnophcnanthrcno. In chiysene, the Me 
group at position 13 in cholesterol has entered 
the .fi-carbon ring IV’’ forming a 6-carbon ring. 
Cj.Hjj "as identified as a pcntacyclio hydro- 
(-ariion, formed by ring closure between the 
terminal side-ehain and the nucleus, thus giving 
evidence as to the position of attachment of 
the side-chain. The grouping 



must, therefore, be present in the cholesterol 
mulct ole. 

When it had been established that the nucleus 
contained 17 C atoms, the side-chain 8 C atoms, 
2 C atoms remain to bo accounted for. 
Evidence has been given above that a methyl 
group occurs at position 13, and the other methyl 
groiiji is placed at position 10 for the following 
reasotis, when ring 1 of the cholesterol molecule 
was broken down step by step to a monobasic 
acid by the action of Grignard’s reagent this 
add was very difficult to ostcrify indicating 
that a tcrtiaiy aarlion atom containing a methyl 
group was probably adjacent to the COOH 
group. I'or this and other reasons position 10 
has been assigned to the second methyl group. 

X-ray examination of the sterols by Bernal 
(C'hcin. andlnd. 19.32, 61, ‘lOG) shoxved that the 
previously accepted formula! did not accord with 
the cr\-,stnllogniphic measurements, whereas 
liosenhcim and King’s formula {ibid. -164) is 
supixirted both bx- the crystallographic measure- 
ments and the ojitical evidence, 

/fomcrism in iht CbolcstcToJ Series . — large 
number of isomeric derivatives e.xisl. Structural 
isomcrides arise from variation in the position of 
the double bond. Stereoisoinerides due to the 
ill version of the OH group occur and may be 
ditrerentiated by the action of digitonin, those 
containing tin OH group in the same position as 
cholesterol being precipitated by digitonin, no 
such iirccipitute being formed when the OH 
pouii is in the inverted position. .Stereoisomer- 
ism due to the relative position of Rings 1 and II 
also takes place. Thus cholesterol and chole- 
stt nc may be converted to coprostcrol and copro- 
.stene by the action of HCI. Cholcstaneand 
Its derivatives arc regarded ns the trniis-dcriva- 
tives ; the coprost.ane rerics ns the cis-com- 
pounds. IVindaus (Bcr. 1901, 37, 4763) pre- 
p.ared i'Omcric oxykctodibasic acids, Cj.Hj.Oj, 
one forming a lactonic acid (m.p. lyd'-lbS-*) 


■which on heating -with potash gave an oxyketo 
acid incapable of lactonisation {leans form), and 
concluded that the reduced ring structure must 
be capable of eis-trans isomerism. 

Nomendalure . — Considerable confusion c.xists 
in the nomenclature of the cholesterol deriva- 
tives since names were given before the relation- 
ships of the various compounds had been eluci- 
dated. It has lieen suggested by Rosenheim and 
King (Chem. and Ird. 1934, 53, 91) that certain 
useful simplifications showing structural con- 
nections should now be made. The term pseudo 
has been used to denote both sterio and struc- 
tural isomerism ; it seems desirable now to use 
the term “ cpi ” for all substances formed by 
steric inversion of the OH group, e.g. cpi- 
cholestanol, cpicoprostanol, these substances 
do not give insoluble digitonidcs. Tho term 
copro should bo gix'cn to the cis- derivatix'cs 
related to coprosterol ; some of tho changes 
involved would bo ; 


Old nomenclature. 

Kew nomenclature. 

(Ci»- derivatives.) 

(Cis- derivatives.) 

Coprostcrol (saturated 

Coprostanol 

alcohol) 

AUocholcsterol (un- 

Coprostenol 

saturated alcohol) 
Coprostanone 

Coprostanone 

Coprostenono 

Coprostenono 

Pseudocholcstano 

Coprostano 

Pseudocholestcne 

Cholesteno 


CholcsUryl Esters . — Those of the lower fatty 
acids aro prepared by heating cholesterol with 
the anhydrides of the acids; those of tho 
higher fatty acids by boiling the cholesterol 
xvith the acid and a dehydrating agent. Theso 
substances on melting form anisotropic liquids, 
many of tho esters liaving three stable liquid 
phases. Tho acetate melts at 114°, tho pro- 
pionate at 98°. The benzoate melts at 144°-145° 
to a turbid liquid xvhich examined with tho 
polariscope shows definite ciystal structure and 
at 178° passes to a clear liquid, tho p-nilrobenzn- 
atc melts at 189°, p-aininobcnzoate at 238°. 
The la urate can be heated several degrees above 
its melting-point without melting (S^hriner and 
Ko, J. Biol. Chem. 1928, 80, 3). 

Detection , — Cholesterol crystallises in charac- 
teristic thin rhombic plates from 90% alcohol. 
Under the microscope they often show- notched 
angles and exhibit a curious overlapping 
arrangement. A number of colour testa are 
gix’cn by tho unsaturated sterols ; tho most 
important for cholesterol is Salkosvski’.s test, 
ill xvhich 2 c.c. of a CHClj solution of 
cholesterol aro shaken with an cipial volume of 
cone. H0SO4, the CHCI3 layer passes through 
blood-red and cherry-red to purple, which 
lasts for several days ; poured into a basin, it 
becomes successively blue, green and yellow 
owing to absorption of water. Tho sulphuric 
acid layer is strongly fluorescent. 

Iodine 1'alue . — This may be satisfactorilv 
determined by Hfibl’s method if the condition’s 
are closely defined ; Wijs reagent gives variable 



92 


CHOLESTEROL. 


and much too high reaults, owing either to I 
substitution or, according to Schoenheimer, I 
because rc formation of the double bond takes I 
place with liberation of lodme (J Biok Chem. | 
103o. 110, 461) The re'in acids aLo pne 
abnormally high values with AVijs solutum. 
The anthracene hi drocarbona react similarly | 
with Jlubl and ijs reagents, whereas the phen> ! 
wvlhrenea give much higher values urth \\y*l 
than with the Hub! solution (Smedley MacLean 
and Thomas, Biochem J 1021, 15. 321) 
Dam recommends a solution of bromine and 
pyridine sulphate (8 g Br. lOg cone H,SO,. | 
and 8 g pvndine per litre) (Biochem Z 1024, 
152,101) 

Kilitnation — Tlie total amount of cholesterol 
in a ti'sue may be determined by precipitating 
the alcoholic solution of the un«8pondiabIe 
fraction with a l°o solution of digitonin in 
alcohol, after standing for some hours, the 
precipitate, eontaimng 2o®o cholesterol, is 
collected on a Gooch filter, washed with alcohol 
and ethcT, dned al 100', and weighed If d » 
de«ired to estimate separatelv the free and 
combined cholesterol, the alcoholic solution 
of the ether soluble extract mu«t first be pre 
cipitatcd with the digitomn solution ond the 
residue then saponified and the cholesterol 
estimated in the unsaponifiable fraction 
Pfc*cber (Z Xabr Genusam K117. 33. 491) re 
commends that after saponification the soap 
should be decomposed with hydrochloric acid, 
and the chloroform solution o? the fatly acids 
separated, filtered and treated with the 
digitonm solution at u0^ the liquid being stirred 
during the precipitation A micro method for 
the estimation of cholesterol by oiidation of the 
digitonide u described by Obey (J Biol Cbem 
1080, S8, 3C7) In fsts where adulteration with 
vegetable oils has taken place, it is important to 
djscnminate between the vegetable and animal 
sterols , for this the acetates or dibromtdes must 
be prepared and their melting points examined. 

>larcuMon and Schilling recommend the 
following method (Chem -Ztg 1913, 37. 1001). 
50 g fat are shaken for 15 mmutesin a separating 
funnel with 20 c c 1% alcoholic solution of 
digitonin Tlie bottom layer of oil is run off, 
the alcoholic upper layer eontaimng the floccu 
lent precipitate of digitoniJc is shaken with 50 
to llX) c c ether. The precipitate is washed 
with ether, dried, powdered, again washed, and 
then heated with 1 5 c.c. acetic anhydride m a 
test tube for half an hour On cooling, chole- 
sterol and sitosterol acetates cry stallise out. The 
m p. of the recryitallised acetates are respec- 
tively 114® and 128". Cholesterol and sitosterol 
may also be separated by crystallising their 
dibromidcs from ether and glacial aretio acid 
(Windaus. Chem Ztg 1906, SO. 1011) A 
mivtureof4g cholesterol and 4 g sitostmil is 
ilissolvcd in Si) c C. ether and 60 c c. 5% bromine 
m glacial acetic added After standing for one 
hour at 0®, the precipitate is washed with 
40 c.c. glacial acetic acid, and with 40 
50“o occtic acid, the washings being added 
to the filtrate and a further precipitate added 
to the original precipitate, which is then washed 
with water and dried. The precipitate contains 
the cholesterol dibromidc, the filtrate the aito- 


aterol compound. The cholesterol a recovered 
by heating the precipibite with 100 c c. glacial 
a^ic and S g. 2n dust for 2 hour*, the excess of 
amc filtered off, ond a large quantity of water 
added The sitosterol is obtained by treatin'’ 
-milarly the solution of the sitosterol dibroranJe 

Cholesterol occurs with other sterols in a 
preparation of wool fat known as hnohn and 
u-«d mainly for medicinal purposes ; owie" 
to the ease with which, when mixed with ohie 
oik it IS absorbed by the skiu, it is used in 
the preparation of ointments and salves ; it u 
abo us^ in the manufacture of cosmetics and 
pomades and for softening leather. ^Vool fat, 
which contams about 70% sterol and 30^g 
fatty acids, is saponified by caustic soda giving 
an emulsion which on dilution with water gives 
the so called wool milk. On centrifuging im 
pure lanoline separates out and is punCed by 
repeatedly kneading with water and centn 
fuging The purified product is alterwarJs 
kneaded with 2(fi/o w ater and forms the hy tlroui 
w ooV fat of the B B Anhy dious lanolin absoebs 
about 100*^0 water, does not become ranrid. 
and IS antiseptic A commercial preparation of 
cholesterol extracted from the spmal cord of 
cattle IS aUo available 

isoChot<4t€rol,m p. 137®-13S“,[a]p«>-h60“, also 
occurs in wool fat and may be separated from 
cholesterol by beoting the mixed sterols for 
30 hours in a sealed tube with four timet tbrir 
weight of benioic acid The benzoates tre 
iD'oiuble in boiling alcohol and are separated Ly 
crystaUisisg from ether Cholesteryl bentoate 
erystalhset in shining plates, isocholesterol 
benzoate as a Lgbt powder, m p, ]00°-I91‘- 
ssoCbolestero) gives no colour reaction with 
chloroform and sulphuric acid and u not pre- 
cipitated by digitonin. When shaken with 
sulphuric acid, the yellow solution gradatUy 
ebauees to brownish red , m the Ltebermann- 
Burohard test, a brown red colour is obtained 
Uindaus and Tsehesebe (Z. physiol Cbem. 
1930, 190, 68) showed that isocholesterol is a 
mixture of two aterola both contauung 30 carbon 
atoms 

Den 

Alcohol Acetate mitf 
m p m p HI p 

AgnostcrokC„H,.0 162“ 173®-174° 203" 

Lanosterol,C„H„0 IW^-UV 113®-114® 191" 
I.S M 

CHOLESTEROPHAN. Dimethyl pm 
banic acid, 

^NMe— CO 


CO 


\nm& 


CHOLIC ACID. C„H„Oj. 3 7:12tn 
hydroiycholanic acid (v. Bile Acids). 

CHOLINE AND RELATED SUB- 
STA N C ES . Choline. Inmtiht/l - ^ - hylrciy- 
etkt/lammonium hydrartde, 

HO CHj CH, NMe,OH, 
u formed by the Ly drolysis of lecithin ond henc* 
probably occurs in combination in all livw? 
cells ; Its isolation from animal and vegetable 
tissues has been recorded very' many time®. b'‘‘ 
has no significance, since it is readily sit tne 
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from phopphatide.s by chemical procc.^scs or by 
rnr.vmc action. KautTmann (Z. physiol. Chcm. 
I!)IL 74. I7o) has shown that when perfectly 
frc’ih ox brain is worked up rapidly, with siiiLable 
prccaution.s, hydrolysis niaj' be avoided and no 
choline is obt.aincd. The free choline in .semen 
i« the result of enzyme action (Kahane and lA^vy, 
Compt. rend. 1 930, 202, 2180). The best natural 
source is crude lecithin ; hard egg-yolk is c.x- 
Irnctcd with ether and then with alcohol ; the 
extracts arc mi.xcd and evaporated and the 
residue is boiled for 1 hour with 50 parts of 
eold saturated baryta solution. After removal 
of the baryta ns carbonate or sulphate, the 
filtrate is evaporated and the residue is extracted 
with absolute alcohol. Alcoholic mercuric 
chloride then precipitates choline mcrcuri- 
chloridc, CjHi^ONCI-eHgClj.HjO, which salt 
can he crystallised from hot water ; it is verj' 
slightly soluble in the cold. After removal of the 
inereury by hydrogen sulphide and evaporation 
of the filtrate, choline chloride is extracted from 
the re.siduc by alcohol. For the isolation of 
small r|unntitics of choline, along with betaine, 
from plants, sec Schulze (Z. physiol. Chcm. 1909, 
60, 15.')). The final separation depends on the 
ready solubility of choline chloride in absolute 
nleoluil, which leaves betaine chloride behind. 
Choline is, however, best prepared synthetically, 
by the method of Renshaw (J. Amer. Chem. 
8nc. 1910, 32, 128) ; rather more than one 
equivalent of trimothylamine gas is passed into 
ethylene chlorohydrin in a tube cooled to —12° 
to —20°, whicli is subsequently heated to 80°- 
90° ; the yield is almost quantitative. (For 
another method, starting from ethylene di- 
hromidc, see Kriiger and Bergcll, Ber. 1903, 36, 
2901.) 

Choline can bo recognised to some extent 
(pialitatively by means of its dichroitic crystal- 
line pniodirle (Florence’s test for semen ; 
Bocarius, Z. physiol. Chcm. 1901, 34, 339 ; 
Rownheim, ,1. i’hysiol. 1905-1900, 33, 220). 
This salt is precipitated at a concentration 
of eholine of 10"® by adding a concentrated 
snhition of iodine in potassium iodide. If the 
choline .solution contains sodium bicarbonate, 
the weak base betaine is not precipitated, and 
can he separated ns periodidc after acidification 
of the filtrate from the corresponding choline 
salt (Ktanek, Z. physiol. Chcm. 1905, 46, 280 ; 
inofi, 47, 83 : 48, 334). The rcincckale of 
choline, [CriSCNlifNHjljlNMejCjH^-OH, 
"ith a solubility of It)"® may also be employed 
qualitatively and quantitatively. The mcrcuri- 
(hlorStlt mentioned above forms crossed hexa- 
gonal jiriMus, m.p. 249°-251°, soluble in 50 parts 
of water at room temperature, but practically 
iu'-ohible in absolute alcohol. The platini- 
(filnntlr, (CjHjjONljPtClp, dissolves in .5'8 
parts of water at 21° and is dimorphous ; the 
conversion of the regidar isotropic into the 
anhotropie monoclinic form is the surest means 
of identifying choline without analvsis (Kauff- 
mnnn and \’orhinder, Ber. 1910,' 43. 2735). 
1 he niiriehloritlr dissolves in 75 parts of water at 
2L and in hot alcohol. Neither the gold nor 
the pl.itinum salt ha.s a characteristic mclting- 
pomt. The free base and many of its .salts arc 
syrupy (for details, ftc Gulewitsch, Z. physiol. 


Chem. 1898, 24, 513). For soluble non-deliqucs- 
cent salts, see G.P. 290523, 290740. Jlinuto 
quantities of choline can bo recognised and 
estimated by physiological means, after con- 
version into acetylcholine (Guggenheim and 
I>6fflcr, Biochem. Z. 1916, 74, 208 ; Fulmer, 
ibid. 1910, 77, 408). 

AcelylrhoUne, HO-NMej’CHj-CHj-OAc, 
has during the last decade come to be recognised 
as a subsLance of great physiological importance. 
Its powerful action in lowering the blood pres- 
•siirc (many thousand times as great as that of 
eholine) was noticed by- Hunt and do Taveau in 
1911 (U.S. Hj'g. Labor. Bull. 73). It was first 
recognised in ergot by Dale (J. Physiol. 1914, 48, 
3) and isolated by Ewins (Biochem. J. 1914, 
8, 44). Dale and Dudley' (.1. Physiol. 1929, 68, 
97) isolated it from the spleen of horses, in 
which tissue physiological tests indicated the 
pre.senco of 10 mg. per kg. Bischoff, Grab and 
Kapfhammer (Z. physiol. Chem. 1930, 191, 179 ; 
1931, 199, 135 ; 200', 153) claim to have isolated 
28 mg. per litre from ox blood by means of 
Rcinceke salt, but this relatively enormous yield 
has not been confirmed by' others. Acetyl- 
choline is secreted by the endings of the para- 
sy'inpathctic nerves, when the nerves are stimu- 
lated, and so acetylcholine is responsible for the 
humoral transmission of certain nervous im- 
pulses ; thus it passes into the fluid perfusing 
a frog's heart, when the vagus nerve is stimu- 
lated, and the fluid can then affect a second 
heart (Loewi). In these e.xperiments the 
amount of acetylcholine is too small to bo 
isolated, but its presence may bo inferred from 
its rapid hydrolysis and inactivation by boiling, 
by' alkali, or by an enzyme. This enzyme, 
choline-eslerase, was isolated from horse scrum 
by Stedman, Stedman and Easson (Biochem. J. 
1932, 26, 2056) ; its action is inhibited by' 
phy'sostigmine and similarly constituted syn- 
thetic urethanes. Hence phy'sostigmine poi.son- 
ing is in reality a poisoning by' the subject’s own 
acetylcholine. 3’he synthesis of acctydcholino 
in ox brain has recently’ been demonstrated by' 
Stedman and Stedman (Biochem. .1. 1937, 31, 
817) ; they isolated 18 mg. ns the double chloro- 
platinatc of choline and acetylcholine, from 
minced ox brains, after 2 hours incubation at 
37° ; physiological tests (on leech muscle) 
indicated that 48 mg. had been formed. The 
l.a.st-nnmcd paper and one by Dudley (Biochem. 
J. 1929, 23, 1064) .should be consulted for the 
difficult technique of isolating this very unstable 
e.ster in the presence of much larger quantities 
of choline. 

A large number of other esters of choline and 
its homologucs have been investigated (Hunt 
and dc Taveau, f.c. ; JIcnge, J. Biol. Chcm. 1911, 
10, 399 : U.S. Hyg. Labor. Bull 96 ; Ewins, 
Biochem. ,T. 1914, 8, 366 ; Foumenu and Page, 
Bull. Soc. chim. 1914, [iv], 15, 544). They aro 
all Ic.ss active than the acetyl derivative, to which 
the pyruryl ester perhaps comes nearest. The 
nUrousacid ester, formed by oxidising choline with 
nitric acid, was long regarded as “synthetic” 
muscarine and considered to bo an nldehvde. 
until Ewins (Biochem. J. 1914, 8, 209) sho'wed 
its true nature. Af nscarine oi Amanita mu.^caria, 
the Fly Agaric, has a pharmacological action 
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jtIsW to ttat of «c«tTlcholii!e aciJ, SKordicg ! 
to KSpL Dttiiberc »Dd Enlfben (Annilen, 1931, 
4S3, 156) probaliy th* ccnstjtntion 

HO NMe, CH(CHO)CHEt OH. 

TTse altaloid tinapin la blacl. mustard »wds is 
th« choLne «tcr of tiuapic add. In coai>e«tion 
▼rth tb^ phjnological artron of enate Ttnom, 
Fonmean and Page found pafmitj^- and 
a'eoryt-fcWi'H<to bcftronslybtnaolytjo. Atetyl 
fholine and eome related denvativea have wen 
used tentatJTely in therapentiea ; the iao«t iia 
portant of the«« is pcrhapa eeriamiao^lfAoliae 
(Doryf of E Merck) Other substances in wtieb 
choIin» u eslerified with phosphoric acid have 
been uolatrd from animal tissues (Iirer) ; they 
icen to result from the partial hydrolysis of 
lecithin and sphyngomyelin ; for these and the 
Liocbeaustrv of choline, ace Kahane (BnIL Soc. 
Chim. biol. 1937, 19, 207). 

Other tases related to choline are nevnne or 
riMyl/rimttAylammoniim Ay^razwfe, 

CH, CH NMe,OH. 

formed from choline by putrefaction and having 
a similar physiolc^ral action, but 10-20 times 
as toxic, p Aminoeiiyl olecAd or ft-hydrorg 
flhytanint (ec^amiR*), HO CH| CH, NH,. was 
obtained by Thudiehnm in 18St by the hydjolym 
of the brain p..aaphatide kepbalm <i.<. leathm 
without .V methyl groups). CoUmise has also 
been obtained from other phosphatides (Tner, 
Z. physiol, aem. 1913, 1. Ul, 153. 407) 

For a fuller account of choline and related rab- 
ftances, ace Gcggenbeia, “ Die biogeneo 
Amine,” Snd ed.. Berlin. 1^4 (3rd ed. in pre 
paratioQ), and for the bioehecurtry of cboune, 
Kahane. BalL Soc Chim. biol. 1937, 19. 205. 

CHOLINE ESTERASE u an enzyme of 
the lipase class which bydnly*es acetylcholine, 
HONMe,CH,CHOAc (e. Cbouxe). In 
new of the outstanding importance of acetylcho- 
Lne as the substance ty means of which the para- 
sympathetic nerves produce their eCect, the 
existence in the body of an enzyme capable of 
destroying it u of interest. 

It IS apparently a speciSe enzyme and sndely 
distributed m the tisauea (Galehr and Plattner, 
Pfluger's Archie 1927. 218, 48S. 606). A 
method of preparing it from blood serum is 
described by Stedman and Stedman (Biocbem. 
J. 1935, 29. 2563). Its activity is best deter- 
mined by titration with 0’02 .V-NaOH with 
bromothymol blue as mdieator (Stedman, 
Stedman and White, Biocbem. J. 1933,27, 1055). 
It u destroyed by heat above 66’. 

It acts on other esters of cholme ; ao increase 
in the size of the acyl group increases the rate 
of faydrol^'tis unless a side cham has been intro- 
duce, when a decrease occurs (Eaason and 
Stedman. Proc. Roy. Soc. 1936, B 121, 142). 

Theofder IS «.butyi5l>propionyI>MobotyTyl 
>acef > I>-b«moyL 

The inlfoence of pg on choline esterase to 
some extent depends on the substrate : the 
optimum Li>* above pg 8-0. The enzyme is 
remarkable in being reversibly and cpe^csOy 
poisoned by a group of synthetic urethanes alhecl 
to eeenne, partindariy pbysoetigmme and mio- 


tine. Easson and Stedman (/.c.). who have 
most recently studied the question, assume that 
the substances which inhibit the enzyme act by 
combining with it m the same wav as the 
choline esters and thus blocking the active 
groups. In this connection an iiiterest.cg 
calculation has been made in regard to the 
activity of the enzyme, namely, that each 
aettTt ffroup in it hydrolyses about 1,490 raoli. 
of acetylcholine per second. The amount of 
inhibitor required to produce a large inhibition 
of the enzyme is very mmute. 

CHOLUM or CHOLAM r. Czatiiiis,. 
Mtturr. 

CHONDRIN. An albominous substance 
allied to and resembling gelatin, obtained hr 
boQing cartilage with water. It dnes toa bard, 
homy snbstance which softens to a jelly in cold 
water, and is soluble m boiluig water. An 
aqueous solution it decomposed by 2^/^ alumin- 
ium hydroxide into chondioitin sulphunc and 
(r. CnoxnEoms) which remains in solution and 
has [o]p —46 59® and the chondrm reddae 
([a)], — 3S6 65®) which is adsorbed in the coSoH ; 
this reaction alTonls a method of differentiatmg 
between tbondnn and glotin, as a solution cf tie 
Utter gives an immediate precipitate with 
bannm chloride, whiNt a solution of chondnn 
prea no appreciable precipitate, but if the 
solution u ttintd with 10?o alnsumum hydromdt 
and filtered, the filtrate pvu with banua 
chloride an immediate precipitate of the btnua 
salt of cbondroitin sulphunc acid (Rakuzin 4.14 
Brando. J Ruas Phys. Chem. Sw. 1926, 52, 
397 . Z. Unten Lebensm 1920. 52. 397; 
P.atnzm. Chem. Zte 1923, 47. e02) 

CHONDODENORINE, CHONDO- 
ORINE, an taoq^olme alkaloid. 

CHONDROITIN is a tetraaacchande «m 
Butmg of two glucnronic aud and two chondros* 
aedne cnita. 

E F. A. 

CHONDROSAMINE is 2 aminocalactiw. 

It has been obtained from some of the mucins 
and mucoids and has been investigsted by 
Levene and La Forge (J. Biol. Chem. 1914, IS, 
123 ; 1915,20,443). 

E. F. A. 

CHOPIN EXTENS1METER r. Bseid 
O’oL n. p. 764). 

CHOPPING NUT or ESERE NUT r 
CaLassE Bsax (Vol. IL p. 19Si). 

CHROMATOGRAPHY c. Cieote-voitj 
(Vol U. p. 398) and CmoncAL Axausis (i4id, 
p 628). 

CHROMITE or CHROME-IRON-ORE. 
A member of the spinel group of minerali, con 
sistisg essentially of ferrous oxide and chromic 
oxide, FeO Cr,0, or FeCr,0«. analogous ts 
the aluminates. The ferrous oxide is, however, 
often partly replaced by magnesia, and the 
chromic oxide by alumina, so that there is a 
passage to chrome spinel or picotite ; on tie 
other hand, with a replacement of chroaiie exid* 
by feme oxide, there may be a tranaition to 
magnetite (Fe.O| or FeFejO*). All tbcw 
mmeTala are cuoic in crjataUisstio"! and beli^ 
to the aaise isomorphous group— the »F-^ 
group. The actual amount of chromic oxws 
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varies considerably, ns shown by the following 
analyses ; the ordinary ore, ns mined, contains 
on an average 45% Cr^Oj. 



Cr,0, 

AIjOj 


I. 

67-9 

— 

— 

II. 

44-15 

22-41 

5-78 

III. 

59-20 

7-15 

n.d. 

IV. 

41-23 

24-58 

2-28 

V. 

56-54 

12-13 

— 


FcO 

M*0 

32-1 

— 

11-70 

15-07 

25-02 

4-42 

16-99 

14-77 

18-01 

14-08 


I. Calculated for FcCrjOj. 
n. KranUln. Macon Co., Isorth Carolina. 

III. Prlce’aCrccV, Yancey Co.. North Carolina (J.H. 

I’r.att, Amcr. J. Scl. 1809, 7, 281). Also 
SIOj 2-60, MnO 0-09. 

IV. Tampadel, Lower Silesia (H. Traube, Z. dent. 

Gcol. Gcs. 1894, 48, 50). 

V. Dun Mountain, New Zealand. 

(For analyses of eliromltc Isolated from meteorites, 
tee W.Tassln, Proc. U.S. Nat. Museum, 1908, 
34, 085.) 


In general appearance, chrome-iron-ore is 
very like magnetite, but it is readily distin- 
guished from this by the dark-brown colour of 
its streak or powder, and by the fact that it is 
only slightly, if at all, magnetic. Sp.gr. about 
4'5. Crystals are of rare occurrence, the mineral 
being usually found ns grains disseminated in 
basic rocks of igneous origin, especially those 
rich in olivine (viz. the peridotites). Sometimes 
these grains are segregated into nodular masses 
of considerable size and with a granular to com- 
pact texture. Rocks of this kind, when sub- 
jected to weathering processes, become hydrated 
and altered into serpentine, and for this reason 
most of the workable deposits of chrome-iron- 
ore are in serpentine rocks. With the denuda- 
tion and breaking down of these rocks, the 
heavy grains of the chemically resisting chromite 
collect in the beds of streams and rivers ; and 
some of the deposits worked in the Ural Moun- 
tains are of this nature. 

Chromite is the only commercial source of 
chromium and its compounds. It is used for the 
preparation of the oxides and chromates em- 
ployed ns pigments, and in dyeing, calico- 
printing and tanning ; in the manufacture of 
chromc-stecl and ferrochrome, and for chrome- 
bricks and furnace linings. It is mined in 
Asia Minor, Serbia, Greece, the Ural Mountains, 
Now Caledonia, India, Balucliistan, Rhodesia, 
Quebec, California and Oregon ; and formerly, 
to a considerable extent, at Bare Hills, near 
Baltimore in Marj-land, and in Lancaster Co. in 
I’ennsylvania. Quarries were, at one time, 
workwl on Unst, one of the Shetland Isles 
(Special Reports on the Mineral Resources of 
Great Britain, Vol. 5, Mem. Gcol. Survey, 1916). 

Jirftrtmcs . — Chrome ore and chromium, Im- 
perial Mineral Resources Bureau, Ixmdon, 1920. 
On the chemical composition of chromite, see 
L. W._ Fisher, Amcr. Min. 1929, 14, 341. On 
Canadian dcjrosits, F. Cirkcl, Dept, of Mines, 
Canada, No. 29, 1909 ; and tho«o of Rhodesia, 
F. E. Keep, Bull. Gcol. Survey Southern 
Rhodesia, 1030, 16. 

^ L. J. S. 

CimOMITE AS A RrFKACTOnV Matekial — 
Chromite is one of the most important neutral 
refractories, especially in metallurgical furnaces. 
It Ls said to have been usctl in France in 1872 
and earlier in .■\iistrin. In addition to a high 


melting-point, in the neighbourhood of 1,950°C., 
it is not acted upon by siliceous fluxes, and for 
that reason is often placed as a “ buffer ” layer 
between the basic magnesia and acid Dinas 
brick in Siemens-Martin and other furnaces. On 
account of its resistance to gases, flue-dust and 
slag particles, chrome briclm are used for the 
ports of gas-fired furnaces, tap-holes, etc. It is 
employed for the construction of furnaces for the 
smelting of copper and nickel ores (Glenn, Eng. 
and Min. J. 1901, 72, 637 ; J.S.C.I. 1902, 21, 
52), and is also very resistant to oxides of 
antimony, lead and bismuth. 

Chromite should contain over 40% of cliromio 
oxide and less than 6% of sifica, the remainder 
being composed of ferrous oxide, alumina, lime, 
and magnesia. In some cases it is employed in 
the form of lumps or loose powder which can bo 
packed in position and aftenvards sintered or 
even fused into a monolithic layer. The material 
may also bo ground, mixed with a suitable 
binder, moulded into bricks, which must bo fired 
at a high temperature. It has been stated that 
clay could not be used as a binder, but chromite 
mixed with from 10 to 15% of Zcttlitz kaolin 
gave a very refractory product (Simonis, Staid 
u. Eisen, 1908, 28, 334 ; J.S.C.I. 1908, 27, 283). 
The most usual binders are refractory clays, 
bauxite, magnesite and lime, the last giving a 
highly refractory brick. Chromite bricks aro 
heavy (sp.gr. about 4-5), close-textured and 
fairly strong mechanically, but, like magnesia 
bricks, fail suddeidy at about 1,400°C. under a 
load of 50 lb. to the sq. in. Wologdino (Bull. 
Soc. d’Encour. 1909, 108, i, 879 ; J.S.C.I. 1909, 
28, 709) gives the following figures for the heat 
conductivity : 

Chromreo I. ... 0-0057 C.G.S. units. 

„ II. . . . 0-0055 

„ agglomerated 0-0028 „ 


The electrical resistivity at various temperatures 
has been measured by Hartmann, Sullivan and 
Allen (Trans. Electrochcm. Soc. 1920, 38, 279) 
and by McLeod and JFJIahon, working under 
Professor Stansfield at McGill University (ibid. 
1912, 22, 89). The two sets of measurements 
which difier somewhat are given in the following 
table : 


CoW . 
800’C. 
000”C. 
1,000’C. 
1,100’C. 
1.200’C. 
I,300’C. 
1,-IOO’C. 
1,500'C. 


JJartmaan et, at. 

Stansfield et. at. 

48-1 Megohms. 



803 Ohms 

2,800 Ohms per cm. cube 

525 „ 

700 

171 „ 

420 

78 ., 

430 

G3 „ 

450 

77 „ 

410 

?? » 

320 „ 

41 1* 

— 


Chromite appears to expand regularly -n-ith 
increasing temperature and has a larger thermal 
expansion than any other ordinary refractory' 
material, except magnesite, amounting to 1-6% 
at 1,500°C. (B. Bogitch, Compt. rend. 1921, 
173, 1358). 

During the last few years, a considerable 
amount of attention has been given to the effect 
of relatively largo admixtures of chromite -w-ith 
other refractory materials, especially chrome- 
silica, chrome-magnesite, and chrome-alumina 
mixtures. In some cases, possibly most marked 
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with chrome alumina mixtures, heating to a confirmed, a iiheat plant being killed by a 
high temperature may bnng about chemical 0 0064% solution of sodium dichromate, whereas 
reaction between the oxides with the formation itrequireda05% solution of chromium sulphate 
of new compounds, but m others the cbroimte to giie a similar result. The red coloration 
retains its identit>. At the same time, jta gnen by sodium 1 S dihydroxy naphthalene 
presence modifies the behaviour of the mixtnre 3 6-diaulphonatD was utilised for the idcntifica- 
in service Thus, chrome sihea bncka are tion of traces of chromium in plant ash Work- 
mechanically stronger at high temperatures mcnexposedto thedustofpota«sium dichromate 
than phin chrome bricks, and tend to apall leas hat e suffered from skin eruptions and mfiamma- 
than either chrome or sihca bricks. Similarly, tion of the septum of the nose There is a 
chromc-magnesite bncks hate a greater resis nsk of chromium poisoning in lithograph), 
tance to spalhng than many fireclay bncks and a founding, tanning, and dy eing w hero chromium 
higher “ refrartonness under load ” than normal compounds are handled, and also from the spray 
silica bricks (Budnikoff and Jlandelgnn, Ber from chromium plating baths (Dobbs, JSC.I. 
Deut. keram Ges 193.2, 13, 521 , Lynam and 1930, 49, 163T). The protection of workers has 
Rees, Trans Ceram. Soe. 1936,^, 138; »W been studied by the Metropolitan Life Insurance 
1937, 36, 110 ei teg , Chesters and Lee, ifcirf. Co. (Service Bur. Bull. No 403; J. Atner. 


1937, 36. 294), Rieke and L'ngewiss, Ber. Ucut. 
Keram Ges 1935, 16. 482) 

The following analyses, taken from various 
sources, illustrate the composition of chromites 
for refractories : 

Cr,0, 5123 62 20 53 66 

Fe.O, 36 63 28 10 16 20 

Al,0, 3 17 2 60 13 90 

MgO 3 79 1 10 9 22 

CaO S 10 3 07 0 78 

SiO, 1 87 2 60 6 20 

101 79 90 67 98 96 

\V C. H 

CHROMIUM. Symbol Cr, at wt 6201, 
at no 24, isotopes 60, 52, 53, 54 The common 
chromium mineral and tho only important ore 
of chromium is thromilt, FeCfjO, 
Chromium also occurs in chrome diopside and 
m tho mils known as fuchsite, which is dis-: 
tinguiahed from other varieties by its brilliant I 
green colour, in chromium garnet and in certain I 
chlontii. chromium minerals which accompany^ 
the chromite As lead chromate it occurs in 
eroeoisile, PbCrO^, and aa basic lead chromate, 
in the rare mineral mthiiehroite or pA^aico- 
eJiroile (formerly phanicilt) 3Pb0 2Cr0, 
.Me'eontes often contain chromite but rarely 
more than 1% The red colour of the ruby 
(I'apI^h and O Leary, Ind Eng Cbcre (Ansi). 
1031,3, 13), thcgrecniahcolour of serpentine, ten/e 
anfiro marble, emeralds and many other minerals 
arc due to the presrneo of oxides of chromiuru 
(.Sflinte.Claire Devillc and Carron, Ann Chim 
1865, (iv ], 5, 108. ef. Vemcuil, Compt. tend 
1910, 150, 185). Mitchell (Astrophys J. 1930. 
71. 1) confirmed the presence of chromium 
liiu's in the solar spectrum Spcctrogmphic 
analysis has revealed the presence of traces of 
chromium in the ash of all the organs aumew bat 
moro concentrated in tho thyroid and spleen 
(Dutoit and Zbmdcn, Compt. rend 193(k 
190, 172) Demar^ay reported the presence of 
chromium in traces in wood ashes \ibid. 1900, 
130, 01). 

Koenig (l..andw. Jahrb. 1010, 39, 775, 
J C .S 1011. 100. 11 , 524) described the stimula- 
tive and toxic effects of various chromium com 
pounds on plants. The results obtained by other 
workers, that tho higher the degree of oxidation 
of ihrumium tho more toxic its effect, were 


Leather Chem. Assoc. 1936, 31, 110; cf Fcil. 
tbid. 31, 65, Halle aux Cuirs, 1935, 149] 
Chromic salts are less toxic than chromates 
(Akatsuka and Fairhall, J. Ind. Hyg 1934. 
16. 25; D. Brard. “Toxicologic du chrome,” 
Pans, Hermann t Cie, 1935). 

Chromium has many uses in the arts ; it forms 
a senes of alloys with iron, carbon, mckcl, 
manganese, etc , which include the stainless 
ateeb ; it is deposited electfolytically as a 
bright coating which does not tamish, in the 
process of chromium plating Chromic salts are 
used m tanning leather and for the preparation 
of chromium green. Chromates, usually sodium 
or potassium dichromate, are also employed in 
tanning, and to an important extent in wool 
dyeing and as ebromated gelatin m photo- 
ruechamcal and colour printing The alkali 
chromates are employed m the preparation of the 
pigments, lead chromate (chrome yellow), and 
tuio chromate (zinc yellow) In oreanio 
chemistry chromic acid is used as an oxidising 
agent, chromic oxide serves as a catalyst in 
synthesis of methyl alcohol and in the 
cyclisation of hydrocarbons. Cf. Homer Ad 
kins, “Reactions of Hydrogen with Organic 
Compounds over Copper Chromium Oxide and 
Kickcl talyats,” University of Itisconsin 
Press. 1937. 

Tho scientific interest of chromium is con- 
siderable, the metal can assume a puseiivc state, 
It forms many senes of coloureil compound*, 
corresponding to all the valencies from 2 to 6 
inclusive. Cr>*. The blue solutions of chromoiis 
salts containing the ion Cr++ are powerful 
reducing agents. Cr”* The chromic salts 
derived from Cr,Oj exist in two states, violet 
crystalhsable solutions which on boiling become 
green and do not then cryatalhse. These solii 
tions may contain unstable hydrated ions, eg 
(CrCI 6H,OJ++. Cr>*. Theyellow chromstes 
and orange dichromates derived from the tri- 
oxide CrOj loniso m solution to Cr 04 ““ anJ 
— . Crt'. (Juadnvalent chromium u 
contained m the senes of salts denved from 
triphenyl chromium hydroxide (CjHjljCrOH 
Cr'. The corresponding tetrapheny I chromium 
salts (CjHjl^CrX contain quinquevslent 
chromium 'Ihe chromohydrocarbons 
{C|Hj),Cr and (CjHjljCr 
have been prepared in the free state. There srs 
three seriei of perchroraati ». red M,CrO,. 
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blue MCrOt, nnd brown co-ordination com- 
pounds [(NHjljCrO,]. A vcn- large number 
of ehromamminca and analogous substances con- 
taining pyridine, urea, etc., have been described. 
The etliylene diamine compound [CrClj-2cn]CI 
nnd nl“o the double oxalate K 3 [Cr(C 204 ) 3 ] 
have been separated into optically active forms. 
The resolution indicates an octahedral structure 


for these nnd other co-ordination compounds of 
chromium. 

For a review including chromite, ehromium, 
and terrochrorae, sec Roush, Mineral Ind. 11130, 
34, 01-69. The following statistics of the produc- 
tion of chromite ore during recent years have 
been supplied by the Imperial Institute in 
-May, 1938. 


World’s Pboddction or Chrome Ore. 
(Long Ton.s.) 


Country. 

1930 

1931 

1932 

1933 

1934 

1935 

1930 

1937 

British Empire 









Southern Rhodesia . 

202,385 

80,334 

15,445 

34,493 

70,901 

104,240 


271,265 

Union of South 








Africa .... 

13,508 

22,907 

19,005 

33,541 

60,388 


172,890 

105,958 

India .... 

50,084 

19,913 

17,805 

15,526 

21,576 

KliilRra 

49,486 


Other British Empire 

1,076 

220 

454 

918 

2,781 


1,739 


Foreign Countries 








Greece .... 

23,032 

5,545 

1,531 

14,550 

30,209 

29,309 

40,599 

55,001 

U.S.S.R. (a) . . . 

0.5,000 

72,123 

76,242 

80,913 

85,943 

181,500 


id) 

Yugoslavia . 

50,583 

.57,402 

38,524 

25,833 

40,604 

51,540 


58,918 

Cuba 

38,380 

11,882 

500 

21,837 

57,325 

(6)42,081 


(c) 93,098 

Japan .... 

11,421 

9,573 

12,295 

19,681 

20,792 

35,730 

37,808 

id) 

Turkcj’ .... 

27,7.50 

24,987 

— 

74,189 

117,951 

148,090 

101,292 

189,408 

Now Caledonia . 

00,910 

72,979 

08,332 

49,281 

54,310 

.54,437 


47,204 

Diilippinc Islands . 

— 



— 

I. 

(6)1,272 

2,873 

75,209 

Other foreign 







countries . 

1,827 

3,589 

C03 

3,544 

1,133 

840 

4,364 

5,044 

Total . . 



251,000 





{d) 


(rt) Figures up to nnd including year 1934 refer to the year ending Sept. 30th ; figures for 1935 
nnd 1963 refer to the calendar year nnd probably contain somoore needing concentration, (h) Exports, 
(c) Imports into the United States, (d) Not available. 


Fora discussion of chromite ore nnd chromium, 
world production, prices, nnd imports, see 
Anon. Jlincnil Ind. 1935,44,08 ; cf. “Imperial 
Institute Monograph on Mineral Resources, 
Chromium Ore, new edition in preparation. 

Pure Chromium , — Adcock (J. Iron nnd Steel 
Inst. 19i!7, 115, 309, 435) obtained the metal of 
a high degree of purity by the clcctrol 3 ’ais of n 
hath containing 300 g. chromic acid and 10 g. 
sulphuric acid per litre, A yield of 22-0 g. 
per kw.-hr. of compact metal was depo.sitcd on a 
rotating steel tube which formed the cathode. 
This chromium contained hydrogm which was 
removed bj- melting tho product in txici/o, and 
oxj-gen which could onl^' be eliminated by 
heating in a current of pure dry hydrogen at 
l,ri00’-],C00'’. The’ final product, although 
spcctro.scojiically pure, was criticised in the 
discu.s.sion of the paper {l.c. 435). Tho difficulty 
of tho preparation is shown b^’ tho fact that tho 
product could not bo melted even in alumina 
ciaicililcs in vocuo without being contaminated 
with oxj-gen. 

Man}’ methods depend on tho reduction of 
chromic oxide. Rohn (Z. Metallk. 1924, 16, 275) 
heated the oxide to LSOO’ in a Hcraeus tube 
furnace in a stream of purified dried hydrogen. 
The In'st of these methods is probably* the 
thcimit proce.o.s of 11. Goldschmidt (Annalcn, 

VOL. III.— 7 


1898, 301, 19) in which a mi.xture of chromic 
oxide and granular aluminium is brought to 
exothermic reaction nnd fusion of the whole 
mass by firing it with a fuse made of 
barium peroxide nnd alurainiura powder. Tho 
metal, 98-99% pure, separates from a layer 
of slag. 

Commercial Chromium is made by one of two 
methods, the thermit process above described, 
nnd by reduction of chromic o.xido with tho 
theoretical proportion of silicon, to which some 
lime is added to form a slag, in an electric 
furnace. The chromium thus obtained is 
98-99%, nnd may contain up to 0'9% Fe 
nnd not above 0-8% silicon ns major impurities. 
Tho metal from tho thermit process contains 
a maximum of 0-9% aluminium. Neither pro- 
duct contains more than 0-2% carbon (A. B. 
Kinzcl nnd W. Crafts. “ Tho Alloj-s of Iron and 
Chromium," vol. 1, 1937, McGraw-Hill Book Co. 
Inc., London nnd New York; Trcitschko nnd 
Tnmman, Z. nnorg. Chem. 1907, 55, 402). 

Pyrophoric Chromium has been prepared by 
heating chromium amalgam, HgjCr and HgCr, 
in vacuo below 300°. The amalgam is prepared 
clcctrolytically or by the action of sodium 
amalgam on solutions of chromic salts (Ferdo 
Compt. rend. 1895, 121, 822). 

Physical FropertiM.— Electrolytic chromium is 
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ft very hftrd bluish white metal which takes a 
bnlliant polish. The hardness is about & on 
31ohs scale, or 2,000 by the scratch lest which 
gives l.OoO for caae-haidcned steel (U S. Bureau 
of limes. Information Circular, 1 C. 6566, 
1932). The presence of occluded hydrogen has 
been considered to be the cause of part at least 
of the hardness (Adcock, le.). According to 
Slakaneva and Biryukov (Z. Elektrochem 1935, 
41, 623) heatmg the metal to remove hydrogen 
may even increase the hardness. The face*' 
centred cubic lattice atructure of chromium 
confers maximum hardness, the hexagonal and 
body-centred cubic lattices being less hard and 
converted into the first named structure on 
heating. The density of degassed electrolytic 
chromium at25'’/-t®is7 138zk0 003andat — 

M 7 156±0-001 (Huttig and Brodkorb, Z. anorg. 
Chem. 1925, 144, 347) Daring found 7 085 
for 9S% chromium made by the thermit process 
(J. pr Chem. 1902, [u], 66, 65). Inteinationai 
Critical Tables, u, 456, and also Landoit-Bom- 
stein Tabellen, 1937, Erganx, i, 104, give the 
density a37 1, for later values, e. ibid. Ergacx 11, ' 
i, 210 . Ill, I, 2S3. The coefficient of thermal 
expansion between 20° and 100° is 0 0000067 
(Hidnert Phys Rev. 1932, [2], 39, 180). 

Very divergent values have t^n published 
in the earber bterature for the melting point of 
chromium, l,420°-2,000°, figures w^eb indicate 
the difficulty of preparing a pure specuneo 
L. Muller (Ann Phjsilc. 1930, (v], 7. 48) deter- 
mined tho coolmg curve of electrolytic chromium 
with a thermo-couple between 3,0^° and 1,400* 
and found the m p 1,603°. F Hoffisaim and 
Tingwftidt (Z. iletallk 1931, 23, 31). employing 
an optical pyrometer, observed tliem p ofelectro- 
ly tie chromium contained in a magnesia crucible 
in an evacuated resistance furnace, and also the 
mcltmg temperature at a hole m a of sintered 
chromium powder heated by an electnc current 
The first method gave ],800°±10* and the: 
second 1,765±10°. Fnemaim and Sauenraid 
(Z. anorg. Chem. 1931, 203, 73) found 1,915°- 
1,925° in roctio and 1,650° in a mixturo of Hy 
and N|. According to Greenwood (Proc. 
Roy. Soc. A, 1909, 82, 396) the metal bods at 
about 2,200° , it can be distilled in an electnc 
furnace under ordinary pressure (Tiede and 
Birnbrauer, Z. anorg. Chem. 1914, 87. 143} but a 
car'Dihe histiis m a graplute tube. 

The specific heat at —252 5° is 0 014 (Dewar. 
Proc. Roy. Soc. A, 1913, 89, 168). at -190“ 
values near 0 08 were found by several observers 
(inter olut Richards and Jackson, Z. physikaL 
Chem 1910,70,414); average values at U°,0 104. 
and 100°, 0-110, have been record^ (SchimpS, 
iLid 1910, 71, 257; Schubel, Z. anorg. Chem 
1914. 87, 81). At 1,000° Umino found 0135 
(Sci. Rep. T6hokw, 1936, 15, 697). According 
to Jaeger and Rosenbohm (Proc. K. Akad 
Wetcnsch. Amsterdam, 1934, 37, 489) thermal 
efiects duo to polymerisation may cause 
uncertainty in dcterminmg the specific heat of 
chromium at difierent temperatures. 

The arc and spark spectra of chromium are 
complex, the most intense rays are A 4254 34 , 
3C05 33 . 4274 80. 4289 73. 3578 68. and 3593 49 ; 
the u av elcngths underlined are the raics ultimee 
of do Gramont (<•/. F. Twyman, “ Wavelength 


Tables for Spectrum Analysis,” 1923, A. Hilger, 
London). 

H. von Wartenberg measured Use refractive 
index n 2 97, the index of absorption nx 4 85 
and the reflectivity R%, 69 7 for the yellow 
niercury line 679 »n/t (Verb. Deut. PhysikaklGes 

1910.12,105}. According to Bernoulli (PhysikaL 

Z. 1904. 5, 632), active and passive chromium 
give Afferent values for reflexion, a result which 
suggests the presence of a surface film on the 
passive metal. 

Chromium forms a tbermoelectrio couple with 
lucke] (Hose. Z. Metallk. 1929, 21. 200). Since 
chromium functions only as anode, t g. m an 
alcohobc solution of calcium mtrate, it will 
rectify an alternating current (Sborgi and 
Oppon, Nnovo Cim„ 1922, [vi], 23. 303). 

Atlolropes of Chromtum . — The existence of two 
allotropea of chromium has been mferred from 
X ray examination of the metal (Bradley and 
OUard, Nature, 1926, 117, 122). Three alio- 
tropes are reported by Sasaki and Sekito (Trass. 
Electrochem. Soc. 1931, SO, 437 ; ef. Makarieva 
and Biryukow, 1 c ). The hexagonal allotrope 
contained in electrolytic chromium is trans- 
formed into one of the two cubic modifications 
by heating the deposited metal to 130° for 15 
minutes (Wood, Phik ilag. 1937, [vu], 23, 984). 

Possit'e and Aclitt Chromium . — Chromium w 
described aa active when it dissolves in the 
halogen bydncids, oxalic, sulphuric, and hydro- 
fluosiLctc acids, or when the metal becomes 
charged with hydrogen while used as a cathode 
A fresh surfaro exposed by scratching the passive 
metal u active. Chromium becomes passive 
when immersed m chlorme- or bromine water, 
nitnc, chromic andchlono acids, and in solutions 
of potassium permanganate, ferric chloride or 
potassium femeyamde ; when exposed to au 
or oxygen or if employed aa an anode provided 
the voltage exceeds a critical value. In the 
electrochemical senes passive chromium is placed 
near Pt, whilst active chromium is close to Zn. 
Untiunano and Fraunberger measured the 
potentials acquired by a number of samples in 
KCI solution against a calomel electrode and 
found -fOSS volts with active chromium and 
— 1 47 with passive chromium ; these are the 
extreme values (Sitzungsber. bayT. Akad. 1904. 
(uV 34. 201). Local patches of more or less 
active or passive metal may exist on the same 
specimen. The existence of an oxide film on 
passive chromium has been much discussed in 
the bterature (e g. W. J. JIulIer, Z. Elektrochem 
1931. 37, 328. For protective oxide films on 
metals, see numerous papers by U. R. Evans) 
Among the authors whochsputc this explasatjon 
aro Rathert (Z. physikal. Chem. 1914, 86, 667) 
and Bowman (Rcc. trav. chim, 1924, 43, 1, 399) 

hlullcr and Essin (Z. Elektrochem. 1930, 36. 
963*972) measured tho potential of chromium, 
deposited electrolytically on copper, in contact 
with solutions of diOercnt acids as a function 
of time and of temperature. The resulU 
indicate that at 0° the metal is passive towards 
AT-hydrofluoric, -hydrochloric, .hydrobromic. 
-aulphonc, -perchloric, -phosphoric, and -nitnc 
acids, but that on warming to a temifrature 
which ja characteristic for each acid and increase* 
with the diameter of the anion, the metal 
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Ix,’comc3 active towards the first four acids ; 
in phosphoric, perchloric, and nitric acids it 
remains inactive at 100’. 

Further experiments by MOller and Schwabc 
(Z. Elcktrochcm. 1931, 37, 183-197) on the 
activation of chromium by cathodic polarisation 
in acid solutions show that each acid requires a 
definite nctis'ation potential. The negative 
potential at which aetivation occurs in normal 
arid solutions increases in the order, hydro- 
chloric < hydrofluoric h 3 'drobromio •< sul- 
phuric <C perchloric < orthophosphoric ; thus, 
activation is more easily affected the smaller 
the anion is. Tlie potentials for electrolytic and 
thermit chromium arc slightly different. When 
the activation is affected by grinding with an 
emerj' wheel there is again a definite activation 
potential, which depends on the anion of the 
acid, and the order is the same ns that given 
above. The experiments lead to the following 
deductions concerning the nature of pa 8 sivit 3 ’. 
Chromium in the passive state is covered by a 
network of chromic oxide molecules, which are 
anchored to the units of the chromium space 
lattice. Acids cannot dissolve the oxide film 
except b 3 ’ penetrating between the molecules, 
and the size of the anion is therefore important. 

In a later paper (Z. ph 3 'siknl. Chem. 1930, 176, 
273) E. Mtillcr statc.s that in M-HCl at 20“, 
chromium amalgam oscillates periodicall 3 ’ be- 
tween the active and passive states. In 
M-HjSOj massive chromium is passive, but 
can bo rendered permanently active by weak 
cathodic polarisation. The experimental results 
in the paper are contrasted with the author's 
earlier e,vplnnation of passivity (Z. physikal. 
Chem. 1932, 159, 68). 

Cficmical Proptrliat. — ^Thc pure metal is not 
affected b 3 - air, ox 3 -gcn, or chlorine at tempera- 
tures up to 300° C. It is not attacked b 3 ' nitric 
acid, aqua regia, ammonia solution, acetic acid, 
lactic acid, or 63 ' molten zinc, tin, or brass. 
Chromium is attacked by gaseous hv’drogen 
chloride, and at high temperatures b 3 ' sulphur 
vapour and li 3 ’drogon sulphide. It dissolves 
in h 3 'drochloric acid and the rate of evolution 
of hydrogen varies periodically with tho 
time, a phenomenon which has been studied 
bv several authors (Ostwald, Z. physikal. Chem. 
1900, 35. 33. 20; Adler, ibid. 1012, 80, 385; 
E. S. Hodges and .T. E. .Myers, J.C.S. 1924, 125, 
60 (; “Tho Problem of Physico-Chemical 
Periodicit 3 ’,’’ I.mndon, 1926). Chromium is 
aPo dissolved by tho other halogen hydracids, 
and 53 - dilute sulphuric acid, tho action being 
accelerated by heating, or by tho presence of 
impurities in tho metal. Tho metal burns with 
r'ivid sparks when heated in tho o.\yh 3 'drogcn 
blowpipe forming the sesquioxide, CtjO,. 

Klrelrotptic Chrotniutn, Chrotnium Piating . — 
Tho brilliant appearance, tho hardne.xs and 
resistance to corrosion of elect rolyticnlly 
deposited chromium are available only since the 
existence of thn mo<!eni art of chromium 
plating, a ]>roces 3 which was not generally 
.succe.ssfiil before Fink's I'.S.P. 1581 ISS of 1920. 
Fink emplovryl a katli containing 250 g. CrO, 
and 2-.5 p. SO^ ion per litre with a current 
density of 34 to 144 amp. per sq. ft. of c.athode 
surface. More recently Pierso! ha.s used 
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350 g. CrOj, 2-6 g. HjSO<, and 10 g. of 
H 3 BO 3 per h'tre and obtained hard deposits 
with tho bath at 57° and a rate of deposition of 
0 002 in. per hour (Metal Clean. Finish. 1933, 
7, 325, 385, 633). With a bath resembling Fink’s 
(supra), the hardness increased with falling 
temperature, 38° or over being too high (ibid. 
7, 73, 169 ; Kronsbein, J. Eloctrodcp. Tech. 
Soc. 1935, 23; Cymboh'stc, Compt. rend. 1937, 
204, 1654). Poor results are obtained with 
baths of chromio salts (Apph’ed Ciicraistry 
Reports, 1933, 18, 363). Specifications for 
chromium coatings are discussed by' Francis- 
Cartcr, J, Electrodep. Tech, Soc, 1935, 10, 09. 
Explanations of the process of electrolysis of 
the three types of chromium compounds Cr++, 
Cr++-i-, and CrO^ — are proposed by Kasper 
(Bur. Stand. J. Res. 1932, 9, 353 ; 1933, 11, 51.5 ; 
c/. Weiner, Z. Electrochem. 1936, 42, 5S5; 
Rogers, Trans. Electrochem. Soc. 1935, 68 , I ; 
E. Muller, Z. Elektrochem. 1937. 43, 3G1). 
Wright (Chem. and Ind. 1930, 473) distinguishes 
two tyqjcs of chromium plating : ( 1 ) on a 

preliminary coating of nickel or copi)cr for 
preventing rusting of automobile and machint rv 
parts, taps, cutlery, and scientific instruments ; 
( 2 ) direct plating on tools, prc.ssiiro rollers, 
and plates where a hard surface is required 
(ef. Gardam, Metal Ind. 1930, 36, 245, 279; 
Dobbs, ibid. 36, 435). The direct method i.s 
much less important (c/. Vignos, B, 1937, 798). 
Disadvantages of the chromic acid bath and 
suggested improvements are discussed by 
Cuthbertson (Applied Chemistry Reports, 1937. 
22, 413 ; beax-y Ni and Cr plating in England, 
Fcscol proce.ss, by' Bonilla, Trans. Eleefroehem. 
Soc. 1936, 71, Preprint 2, 9). Among special 
works, see “ Chromium Plating,” by' Bauer, 
Arndt, and Krause, transl. E. W. Park, E. 
Arnold, London, 1935; B. Freeman and F. G. 
Hoppe, " Electroplating xvith Chromium, 
Copper, and Nickel,” Prentice Hall, Now York, 
19.30,' R. Schneidexvind, “Chromium Plating,” 
Unix'ersity’ of Michigan, 1928. 

Chrorriium Hydride. — Electrolytic chro- 
mium max' contain 250 times its volume of hydro- 
gen (Carx-eth and Curry', J. Phy.sical Chem. 1905, 
9, 353). Tho gas contcined in the metal burns 
oil xx'ithout further heating after tho specimen 
is brought into contact with a flame (Hiittig 
and Brodkorb, Z. anorg. Chem. 1925, 144, 341). 
IVhen an ethereal solution of chromic chlorific 
and phcnyl-mngncsium bromide is shaken 
xvith hydrogen gas, a black precipitate is formed 
of tho composition CrH., (Weichselfclder and 
Thicde, Annalen, 1926, 447, 75). 

Chromium Carbonyls. — The hexacarbonyl 
is formed when carbon monoxide actsonGrigiiard 
reagents (e.g. CjH.-MgBr) and chromic cliloridc 
in efher-bcnzeno 'solution (.Job and Cassal. 
BulI.Soc.chira.I027.[iv],41, 1041). Afterbvdro- 
lysis the product is steam-distilled and Cr(CO),j 
is obt.aincd by x-aeuiim-sublimation as eojeurk ss, 
strongly refracting, orllinrhombie crvsi.xli, iso- 
morphous with MoiCO)^ and WtCO)^, and 
readily soluble in inert organic so!voiit«. It is 
so x’olatile that it di‘^appears froni a '\atili- 
glnss in a fexv hours. It melts in a 'se.drd 
jtubo at llO'-l.'O^ and the vapour dt-eompoies 
isloxvly abox'e 120°, yielding .a mirror of pure Cr 
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(Hieber and Ronsbcrg, Z. anorg. Chem. 193% 
221, 321). When healed with pyrid^ to a 
sealed tube under auitable conditions it yields 
bnrht red Cr(CO)j(CjHjN),, jeDowiahied 
Cr,(CO),{C,H*N)j. and yeDow 


Cr(CO)4(CsHjN), 

(Ilieber and Slilhlbaaer, i&id. 221, 337). For 
organo-mctallic compounds of chrominm, are 
J. Xewton Fnend. “ Inorganic Chemistry,” 
toL zi, pt. 4, C. Gnffin t Co., London, 1937 ; 
E. Krause and A. Ton Grosse, ” Chemie dcr| 
metall-organischen Terbindungen,” Berlin, 1937. 

Chromium Phosphate, prepared by mixing 
cold solutions of chrome alum and of dtsodium 
hydrogen phosphate is an amorphous Tiolet 
precipitate which left in contact with the solu- 
tion becomes crystalline and ha.s the com 
position CrPOj.GH.O. On boiling with water 
It IS converteil into tnc green crystaLUine hydrate 
CpPOj,4HjO. a green amorphous bj-drate 
of this composition is obtained by precipitating 
a hot chrome alum solution with excess of 
NajHPOj. A dibydrate may be prepared 
heating the hexahydrate m air, but at low 
redness an anhydrous bbcL salt and at a higher 
temperature a green ba’ic salt is obtained 
(Joseph and Rae. J C.S. 1917, 111. i, 196) 
Green pigments, i^own as eert Amotufon and 
rert Pl*4»y, hare been prepared by reducing a 
lolution of potauium dicfaiomate and adding a 
solution of an acid phosphate (c/. Carnot, 
Compt rend 18S2, 94, 1313, Chrome Greens, 
this to) , p. 107d) 

Chromijm Sulphate, CrjlSOjj, a crystal- 
Lne red powder obtained by heating the 
hydrated salt abore 32S* in tnevo (l^uss, 
Querenglsser, and Weyer, in/m) It is insoluble 
\in wster (Pnednch and BliclJe, Sletallurgie, 
11910, 7, 323). as is the acid salt, Cr^H.lSO*). 

, (Caley and Burford, Isd. Eng. Chem. |Ana]). 
1936, 9, 63). Senes of ejolet and of green 
erystalline hydrates are known and also of 
green amorphous hydrates. Krauss, Quereo- 
glsser, and Wejer (Z. anorg Chem. 1929. 
179, 413) quote from the literature Tiolet 
hydrated sulphatea cryatallising with 18, 17, 
16, 15. 14, 13, 6. 5, 4 mola. of water, and 
green hydrated sulphates crystallising with 11, 
8,7,6,5mols. Their paper desenbea the prepara* 
tion of Tiolet hydrates with 16, 8. and 3 H^O, also 
of the green crystalline hydrate with 12H,0, 
and the green amorphous hydrate with 16H,0. 
The solution of this last salt is preapitated by 
BaCI| on boibng, but not m the cold. Cold 
solutions of the violet hydrates are completely 

E recipitated by BaCI|. The ordinary violet 
ydrate with 18H|0 is obtaineil by ciystaUising, 
or by adding alcohol to a solution of chromic i 
b; drete in the calculated quantity of solphuno ! 
aerd. Its crystil water has also been reported, 
as 17 mols H,0 (ia/er aha Werner and Gubeer, 
Bcr. 1901, 34. 1592; Montemartiru and Ver- 
nazu, LTnd. Chimica, 1933, 8. 445), The 
violet solution begins to turn green at 65* and 
the change is complete on boQing. Aleohol 
now precipitates a green baste salt (Venable and 
Miller J. Amcr. Chem. Soc. 189S, 20, 484). 
The green solution becomes violet on standing. 
According to ilontemattiai and ^'cmazsa 


(L’Ind. Chimica, 1932, 7, 1001), a solution of 
duomie sulphate at 32 5® contains 34 5% of 
the violet form, between the concentrations 
3 Sand 7%, and equilibrium is established within 
28 days from either side Although hydrolysis 
BO donbt occurs in the violet solution (Denham, 
Z. anorg. Chem. 190S, 57, 361), the change of 
colour on boiling is probably due to the forma- 
tion of green complex ions. These hare been 
variously formulated to indicate the masked 
—SO4 groups and the combined water. Zaldes 
(J. Gen. Chem. Russ. 1936, 6. 1325; A J . 
1937) writes 


(Cr(0H,).yS04),+ Hj0 ^ 

(Cr(H, 0)4^50*), ]+H-+[Cr(H,0)jOH]”+so 


Basie complexes in chromic sulphate solutions 
are considered to be effectue in chrome 
tanning (J. A. Wilson, J. Amer. Leather 
Chem Assoc 1936, 31, 165; ef. Stiasny et al, 
CoUegtum, 1928. 49. 72). The green crjetalline 
sulphate. Cr4(S04)j 12H}0, is prepared by 
passing SOj into a concentrated CrO) solution 
at 0°-5° and crystallising in tvevo (Krauss el el , 
lx). In a senes of papers m the Comptes 
rendus from 1903 to 1M7, Colson desenbed the 
preparation of green hydrated sulphates with 
respectively 3, 2, end 1 masked SO4 groups, 
the two latter sdU being suceeasive stages in 
the hydrolysis of the first, [CrilSOj)}] 
Rccoura(ADn Chim 1895, [vu], 4, 61!)prepared 
the mono*, di , and tncbromosnlpburie acids 
by heating a green crystallae hydrate, 
Cr}(S04)j.8H40, with I, 3, or 3 mols. of 
sulpbuno acid to 110®-]30®. The acids an rt* 
spectivsly di , tetra*, and bexabaaic, correspond* 
log to the proposed formula [Cr.(S04)4]H>, 
(Cr,(S04',5)H4. and (Cr,(S04)4fH4. They 
dissolve to deep green solutions in water which 
if freshly preparra do not give the reactions of 
Cr or SO4 ions. According to Kantzel tl el, 
chromium sulphate complexes are oontained in 
a boiled and cooled chromic sulphate solution. 
Slaskuig of chromic salts occurs on adding a 
neutral salt containing an anion common to 
both (Collegium, 1935, 484). Montemartim 
and Vernazza (1 e. 8. 445) prepared a saturated 
solution of chromic sulphate, Cr|(S04)},17H}0, 
at 18* containing 84 8% of this salt, and stats 
that tbs equilibrium violet^^green was not 
affected by addition of alkali sulphate, the 
percentage of violet salt in this solution was 
51 68 

Chrome Alums. — The double sulphates of 
chromium and potassium or ammonium. 
M,S04.Cr,(S04),.24H,0. are important 
chemir^; they crystallise in large violet 
octahedra and are very soluble in water. The 
correeponding sodium salt does not crystallise 
so readily. The ammonium salt is made by 
mixing molecular proportions of the constitueot 
enlphates, potassium chrome alum is a common 
by-product from oxidations with potassium 
diebromate, although on the large scale, e f 
anthracene -^anthraqniDone, the chromic acid 
aolution IS regenerated by electrolytic oxidation 
of the chromio sulphate solution. Potassimn 
chrome alum melts at 89°, turning green 
fniden, J.CB. 1884, 45, 409) ; in solution the 
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change occurs at about 78’. Sfontemartini and 
Vemnr.zi (be. 8, 44b) state that the saturated 
solution at ]8’ contains 28-2% of 

KjSO^-CrCSO^VZAHjO, 

of which Cl-7o% exists ns a violet salt ; the 
saturated solution of the sodium chrome 
alum contains 94-8% of the salt wnth 24HjO, 
of which 51-7% exists ns a violet salt. Clirome 
alum IS used in paper-making, photography, 
dyeing, printing, and tanning. Immersion in a 
bath of chrome alum hardens gelatin films and 
renders them insoluble, an effect attributed to 
the fixation of chromic hydrate. 

Pure ciystallisablo violet chrome alum may be 
prepared by the clectrolj’sis of a solution of 
potassium dichromnte mixed with sulphuric acid. 
The liquor is circulated in the cathode compart- 
ment which is separated from the anode by a 
porous vessel. The cathode is preferably of 
carbon. Dilute sulphuric acid is circulated in 
the anode compartment and tho anode may be 
copper with copper turnings to utilise tho SO4 
ions (Chaumat, F.P. 459077, G.P. 265170). 

Chrome alum is manufactured from forro- 
chromium by Chemischo Fabrik in Billwarder, 
vorm. Hell and Sthamer A.G., and Hasonclevcr, 
by dissolving the alloy in sulphuric or hydro- 
chloric acid and adding to the solution sufficient 
alkali to precipitate only tho chromium present ; 
tho precipitate is converted info chromic sul- 
phate and chrome alum in tho usual way (B.P. 
187232). In a similar process tho same 
patentees separate about half tho iron by 
crj'stallisation ns ferrous sulphate and centri- 
fuging. Tho liquor, from 1,000 kg. of forro- 
chromium and 3,000 kg. of sulphuric acid, is 
next treated with potassium sulphate, 10 kg. of 
potassium dichroniatc, and 3 kg. of sulphuric 
acid, while sulphur dioxido is passed into 
tho liquor, chrome alum then crj-stallises (B.P. 
187231). Tho crystallisation of chrome alum 
is accelerated if the potassium sulphate is added 
to a solution of chroraio sulphato previously 
acidified with sulphuric acid and heated to 
30’— 15°, and tho solution then cooled rapidlj' 
while stirring (I.G. Fnrbonind. A.G., B.P. 
2C0S85). For uso ns a moulnnt, a solution of 
chromo alum is readily prepared by adding 
sugar or glucose to a hot solution of potassium 
dichromato and sulphuric acid. Another pro- 
cess depends on tho insolubility of a basic 
chromic sulphate. Aqueous chromic sulphate 
containing ferrous sulphato produced by dis- 
solving ferroehromium in sulphuric acid is 
treated w bile hot with hydrated lime to neutralise 
tho free acid and filtered from CaSO^. The 
filtrate diluted to 4-5 times its voluino with hot 
water deposits b.asic chromic sulphate which can 
lie economically converted into CrjfSO^), 
and chrome alum (W. Heno, B.P. 418714). 

A violet chromo alum solution requires the 
normal amount of NaOH for complete pre- 
cipitation, but after boiling, only S of the 
fheorcticnl amount. Kon-ionised "SO4 in the 
complex varies from half tho total SO, in a 
boiled 1% solution to two-thirds the total in a 
boiled solution of 1.70 g./l. This latter solution 
contains the complex [ Cr, (O H). (S 0,),-1 2H jO] 
{.■\tkin and Chollct, J. Soc. Leather 


Trades’ Chem. 1934, 18, 356; Ch. Abs. 1934, 
6078). Chromo tanning, as affected by the 
formation of complexes and by the solubility 
of basic chromic sulphates, is discussed, by tho 
same authors (Cuir tech. 1934, 23, 142 ; cf. 
Kuntzel, Kinzer, and Stiasn}', Collegium, 1934, 
213). The Ph solutions of basic chromic 
sulphate and the absorption of CCjOj therefrom 
during tanning has been studied by Britton 
(“ Hydrogen Ions,” 1929). Basic chromo alum 
solutions are used in the one-bath process of 
chrome tanning. FGUou-ing earlier authors, 
Lumiiro and Seyewitz (Bull. Soc. chim. 1903, 
[iii], 29, 1077) found that Recoura’s green basic 
sulphate, 2Cr20,,5S03, hardens gelatine more 
efficiently than chromo alum. 

Chromium Chlorate, Crj(CI03)8. — Solu- 
tions of this powerful oxidising agent have 
been prepared in cah'co printing works by mixing 
solutions of chrome alum and potassium or 
barium chlorate. It has been suggested for the 
production of ungrconable aniline blacks, but is 
considered to bo liable to tender the fibre. The 
solution has a strong smell of chlorine and 
gives off oxides of chlorine when heated. It has 
been proposed ns a mordant for catechu 
browns {cf. Knecht and Fothergill, “ Textile 
Printing,” Isted. 1912, 201 ; 2nd. ed. 1924, 211, 
C. Griffin & Co., London). 

Chromium Dioxide, CrOj, and intermediate 
oxides, iCrjOjyCrOa- Manchot and Kraus 
(Ber. 1906, 39, 3512) heated blue chromic 
hydrate, precipitated from chromic chloride 
solution by ammonia, to 330° in a current 
of oxj-gon, and obtained a black hygroscopic 
powder wluch on heating to a higher temperature 
glowed and evolved a volume of oxygen corre- 
sponding to 4Cr02=2Cr203-f O2. L. Blanc 
(Ann. Chim. 1926, [X], 6, 182) precipitated 
brown 2Crj03,Cr03=Cr[;09 by adding a 
solution of a chromic salt to a solution of 
potassium chromate, but not if the order of mix- 
ing is reversed. A table of those intermediate 
oxides has been compiled by Blanc (Z.c., 199). 

Chromium Chromate, CrOj.CrjOj.THjO. 
— Jovitschitsch (Helv. Chim. Acta, 1929, 3, 40) 
states that when a solution of chromic oxide in 
HNO3 is evaporated until excess of acid is 
removed and the residue dissolved in water and 
treated with ammonia a brown substance is 
precipitated which is black when air-dry. 
Analyses give the formula Cr2(0H)g,H20 or 
Cr03,Cr„03,7H20. It loses 1H„0 over 
HjSO,. 2H^O at 105°, and 4H20'at 205°. 
By dissolving Cr203 in HNO3 and evaporating 
and heating to 290°, a black product is obtained 
believed to be CrOj-Cr.Oj {cf. .lovitschitsch, 
.Monatsh. 1912, 33, 9 ;‘l913, 34, 225). For 
other preparations, see under chromic oxide, 
and the decomposition of CrOj by heating. 

Chromic An hydride. Chromic Acid, CrOj. 
— This oxide is usually prepared by mixing c\- 
ce.ss of concentrated siilphurio acid with a 
saturated solution of potassium or sodium di- 
chromate or by digc-sting barium chrom.ite with 
dilute sulphuric acid and evaporating the 
filtrate. Tho crj’stals which sep.arate contain 
sulphuric acid if made by the first procc-s and 
either barium dichromate or sulphuric acid if 
made by tho second, and must be jmrified by 
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cr) stallisation after addition of the re<inired 
quantitie** of either barium chromate or tnlphnnc 
acid. Commercial " pure ” chromic acid has 
been known to contain sulphate (Adcock, J. 
Iron and Steel Inst- 1927, 115, 369). In one 
early method Wanngton (Phil. Mag. 20, 
433) miaed 10 %olumea of cold saturated prtas- 
Slum cliohromate solution with 12-15 volumes of 
cone, sulphuric acid, and collected the separated 
crj-stals on a filter of broken glass transferred 
them to porous plates and recryatahised the 
crude product from a Lttle water. Bunsen 
(Annalen, 1869, 148, 290) mixed 5 parts of 
sulphuric acid with 11 parts of a solution 
containing 1 part K,Cr,0,, after 24 hours 
the CrOj crystals which separated were 
fiUwil ofl by suction, washed with nitnc and, 
and heated in a current of dry air at Cff’-SO'’. 
Zethow (Pogg Ann. 1871, 143, 468) states that 
the nitric and should be not less than 1*4(1 
sj) gr. An anonymous author (J Chem Eng. 
thiTia, 1936. 3, 39) treats K,Cr,0, with 68% 
lutnc acid and separates theCrOj from KNOj 
by fractmnal crystallisation. The yield is 90% 
of CrOj of 9S% purity, suitable for chromium 
jilating baths (f/. Lee and Kung. B. 1937. 901) 
-Metals Protection Corporation (B P. 307061) 
wash tlie (rude CrOj with sulphuric acid to 
remove 'NaHSO^. or remoce the greater part 
of adhering mother Lquor by heating, and pre 
(ipitate residual sulphuric acid by adding 
Ba(OH){. BaCOj, or BaCrOj BoUey 
(Annalen. 1845, 56, 113) had already pointed 
out that CrQ, is least soluble m sulphuric acid 
oi the composition H^SO^-fHjO Several 
methods start from calcium chromate. Kirk* 
hpofiKontiia.andArtroi a boil calcium chromate 
until It IS converted into the difficultly soluble 
i,2CaCrO|,HjO, which is filtered off, washed, 
nd decomposed with sulphuric acid, the filtrate 
^ im the CaSOi is treated with sulphuric ocid 
nd CrOj crystallised and centrifuged (Khim 
/iann Prom. 19J4, 1, 38, c/. Itakorskj, J Pbys 
(him. Buss 1028, 60, 13) Vetter, assr. to 
-Natural ProduLts Kcfining Co (U.S P. 2034256), 
(lisiritfcs the conditions for preparing CrOj 
of high purity by the action of HjSO^ on 
Na.CrjO, Polyanskii Ijvats a solution of 
• iilduni ihromste (2 pt ) with H,SO, (I pt 
il 1 84) in BiKix-ssiie portions, heating on the 
water Intli and remoiing CaSO( between 
cull addition, until no more is precipitated; 
hnully CrOj is crystallised and purified by 
llunsin's method (t*. ai/pra, Trans. Inst. Pure 
(him Kcigtnfs, Sci Tech. Dept L'.SSR: 
192',), No 300, 143) Tanabashi (Japan P . 
99139, 1933) treats soiluim dichromate with 4-5' 
tiiiHs lU equivalent of sulphuric acid of 65®-58® 
Ih. soiinmi hydrogen sulphate dissolves while 
CrO, H prcnpitatcil in fine crystals, which are; 
rti riilatlHisI from dilute sulphuric acid and 
w.nhi-il with a saturated solution of CrO, to 
rcnioic sulphuric acid. J. W. Boss (U.S P. 
2li"V*(ll, 203'9C9) electrolyses a sodium 
chromite sohition, d 1 4 Thu forms a lower 
layer in .t cill of which the upper half w divided 
by an iin|iriricablo pirtition into an anode 
end c-ith.xk (omiurtiiiiiit containing respex- 
tivelyi IIS iij |iir lavirs chromic aci<l solution and 
caii*tii. Msli solution, ladi of d 1 2 The 


sodium c^mate solution is contmuously 
fed into the lower part of the cell, while NaOH 
and CrOj solutions overflow separately from 
the upper compartments. Angelini and Pane 
bianco (F.P. 770734) heat chromite mixed with 
sawdust or peat to 400°, chlorine is then passed 
over the porous material. It was already 
known (Moissan, Compt. rend. 1880, 90, 1357) 
that chromyl chloride, CrOjCI*. is formed in a 
similar reaction. With water this gives CrOg 
and hydroeWonc acid. Udy (assr. to Electro 
Metallorg Co. U.S P. 1878918) claims an 
electrolytic process m which an anode of ferro- 
chrome dissolves m sulphuric acid, d 1 33-1-52, 
contained in the anode compartment. CrOj 
IS ciystalhsed from the acid. 

Chromic anhydride (often termed ehromic 
acid) IS a strongly acid substance crystallising in 
scarlet rhombic bipyramids. Its formula is 
CrO,: the acid of the formula H,CrO, has 
not been isolated. A thermal study of the 
system CrO, — H,0 did not reveal the presence 
of any compound (Buchner and Ptms, Z. 
pbysiLal Chem 1913, 81, 113). The crystals 
have A specific gravity variously stated, with 
2 737/14® and 2 819/20® ns limits. Tha highest 
value recorded for the melting point is 19S®, 
(Jaeger and Germs, Z anorg Chem. 1021, 119, 
145) When heated to 123* under IG mm 
pressure )t sublimes >n red needles (Arctowski, 
tbid 1695, 9. 29}. At a temperature above but 
near its melting point it decomposes into 
chromic oxide and oxygen Above 250* 
It IS asid to yield a residue of the oxide Cr.On 
(Cr,0, 3CrO,) which may bo purified by 
boiling with water According to Simon and 
Schmidt (Z anorg Chem. 1024, 152, 191) tins 
oxide IS formed between 370* and 450*. Its 
existence is supported by the eTpenmenta of 
Honda and Sone (Sci Rep. T6hokw, 1914, 8. 
223). A saturated solution of chromic acid at 
15* contains 62 4 g. CrO, in 100 g. solution 
The nature of the ions m dilute solutions of 
chromic acid has been the subject of many 
investigations, but the results are m conflict 
Britton (JCS. 1924, 125, 1572) from electro- 
metric titration concluded that m dilute solution 
the ions ate H+ and HCrO,”. Spitalsky’s 
resulla are in agreement (Z nnorg. Chem. 1907, 
54, 265) The <lj«80ciation to tlie second stage 
HCrO,” H++CrO, — is extremely sranll 
Other authors, including Ostwald, have argued 
that tho aqueous solution contains Cr,0;“— 

Chromic anhydride u a powerful oxidmng 
agent. Warm, anhydrous alcohol inflames when 
dropped upon it, and even dry ammonia gas is 
oxidised with production of w ater and nitrogen. 
Addition of oxalic acid is said to increase its 
oxidising power. Tho solution m water, eul- 
phunc acid or acetic acid u largely used as an 
oxidising agent in organic work. In most of 
the«e oxidations precautions must be taken to 
moderate the velocity of the reaction. W hen 
acetic acid is u»ed as the solvent, tho substance 
to be oxidised is usually dissolved in the same 

solvent, and the oxidising solution slowly added. 

the temperature being kept sufficiently low, • t. 
sildom above 100*. Chromic ncid, as an oxidis- 
ing agent, has the advantage that the end of 
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the reaction is frequently indicated by a pure 
green colour. 

It has the property of producing a permanent 
yellow colour on silk or wool, but not on 
cotton. The chromium in such material may 
be converted into lead chromate upon tho fibre 
or further dyed by logwood, etc. Chromic 
anhydride usually contains sulphuric acid and 
sulphates or nitrates. 

Chronnates. — All chromates are prepared 
directly or indirectly by tho action of oxidising 
agents on fcrrochromo or on chromite, 
Fc0,Crj03 {q.v.). Both tho normal and acid 
chromates aro of importance industrially. The 
normal chromates of sodium and potassium, 
MjCrO,, are readily converted into the di- 
chromatos, MjCPjOj, by tho addition of 
sulphuric acid to their solutions, which then 
change from yellow to orange. A basic chromate, 
orange chrome, Pb0-PbCr04, is also manu- 
factured in connection with chrome yellow, 
PbCrO^. 

A great number of proecsses have been 
proposed for tho conversion of CTjOj in 
chromite into CrOj ; tho oxidising agent is now 
atinosphcrio oxygen acting on an alkaline fusion 
of tho ore. 

In former times tho ore was mixed with about 
two-fifths of its weight of potassium nitrate 
and ignited on the bed of a reverberatory fur- 
nace, the oxygen required for tho oxidation of 
sesquioxido into the anhydride and the potassium 
for its conversion into potassium chromate 
being both provided by tho nitrate. A great 
saving was introduced by tho substitution of 
atmosplicrio o.xj’gcn ns tho oxidising agent in 
plnco of the nitre, tho potassium being supplied 
by potassium carbonate or, ns proposed by Watt, 
by potassium sulphate (c/. Gibbs, assr. to 
National Elcctrolytio Co., U.S.P. 901430, 
1008). 

In the modem process a mixture of chromite, 
soda ash, and lime is heated in a controlled 
supply of air to a high teraperaturo in a rever- 
beratory or in a rotating furnace. 

Sofianopoulos (J.S.C.I. 1930, 49, 279T) 

recommends a furnace charge of a finely 
powdered (GO mesh) mixture of 340 lb. of chrom- 
ite (r)3-C% CPjOj), 270 Ib. soda ash (92%), 
300 11). lime (85% alkalinity), and a reaction 
Icmpemturc of ],400°1'\ Under these conditions 
tho recovery of soluble sodium chromates was 
9I'.’i% of theory, and tho method of working 
described in the original avoids ns mueh ns 
possible tho loss duo to production of calcium 
chromate, which in practice was found to be 
very slowly soluble in boiling water. 

In another method of working thc.se difficulties 
aro overcome ; fusion of the charge is avoirlcd 
and the calcium ehromatc produced is boiled with 
sodium carbonate in vats fitted with stirrers. 
Tho filtrate is concentrated in t-nciio, and a slight 
excess of sidphuric acid added, when the greater 
part of the sodium sulphate separates, the 
remainder is removed during further concentra- 
tion. and finally sodium diebromate crystallises 
out. 

The sodium rarl>onntc may be partly re- 
covered if the sodium chromate is con\ erted into 
diebromate by passing into the solution carbon 
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dioxide under pra«suro so long as sodium bi- 
carbonate is precipitated. This salt then returns 
to tho process and the conversion of chromate 
into dichromate is completed by tho addition 
of tho required amount of sulphuric acid. Tho 
less soluble potassium salt is obtained by 
adding potassium chloride to the solution of 
Na^CrjO,. Fusion of chromite with caustic 
soda has been suggested (G.P. 161135, 1C3814, 
and 171089). A direct production of sodium 
dichromato has been claimed by Bozel-Maletra 
Soc. industr. do prod. chim. (G.P. C25568), in 
which tho chromite ore is heated in a rotary 
furnace with soda-ash in a current of air. In a 
wet process o\vned by the same Company (J. E. 
Domant assr.) tho chromite is treated with 
oxygen gas in an aqueous medium under pressure 
at temperatures above 100’ in presence of 
NajS04 or other salt yielding active cations 
(U.S.P. 2012061), or fcrrochromium, and 

NaOH, KOH, or K3PO4 are the starting 
materials (U.S.P. 20120G2, B.P. 416624). Tho 
anodic oxidation of chromic salts to chromates 
has been studied by Gro.ss and Hickling (J.C.S. 
1937, 325), who explain the results by assuming 
a primary formation of HjOj at tho anode. 
Spent chromic acid baths from o.xidation 
processes are regenerated by electrolytic oxida- 
tion in the anode compartment of a divided 
cell by a method invented by tho I.G. Farbenind. 
A.-G. Tho same patentees manufacture potas- 
sium dichromato by heating a mixture of 
chromic oxide and potnssi\im hydroxide to 300’- 
380° in a revolving pan in presence of air or 
oxygen (B.P. 416744). According to another 
patent of tho same origin, sodium dichromato 
is manufactured from aqueous sodium chromate 
containing 475 g./l. of Cr03 by treatment at 
60°-80° with CO2 under pressure, and coofing 
without releasing the pressure. Tho conversion 
of mono- into dichromato is thus 90%, while 
NaHCOj separates and is removed. Tho 
filtrate is concentrated to 800-820 g./l. of CrOj 
and again treated with COj to complete tho 
conversion into NajCrjO- (I.G. Farbenind. 
A.-G., KP. 424821). 

Tho dry’ method of chromate production has 
been investigated with tho following results : 

Calcium and chromic oxides begin to interact 
in the presence of air to form calcium chromate 
at 650°; at 700° a 95% yield of chromate is 
obtained with mi.xtures containing 2 equi- 
valents of CaO to 1 of chromic oxide and a 60% 
yield when tho ratio is 1:1. Pure e.alcium 
chromate docs not begin to decompo.se until 
1,000° is reached. Sodium carbonate and 
chromic oxide readily react to form chromate at 
a tcinpcrnturc below 660° ; the salt melts at 
800° and remains undceomposed after prolonged 
heating at 1,000’’ (.M. B. Nayar, H. E. Watson, 
and J. J. Sudborough, .1. Indian Inst. Sci. 
1924, 7. 53). 

Ai.noYS. — Various alloys of chromium have 
been prepared, chiefly by reduction in tho 
electric furnace, by the “ thermit ” method, or 
by the usual mi.xturo of molten metals. 

Molten zinc dissolves but little chromium ; 
a hard and brittle alloy has been obtained in the 
form of hexagonal lamella?. Aluminium and 
chromium mixtures, containing between 6 and 
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G5% chromium, separate into two Lquid tajers, 
and probably contain a compound, CCjAi. The 
alloys with a low pcrccntape of chromium are 
brittle, one containing 13% chromium can be 
powdered in a mortar. 

Alloys with anUmony arc brittle, and com* 
pounds represented by SbCr and SbjCr are 
known. Chromium alloys with eopptr with 
difficulty, but an alloy can be obtained by 
stimng in copper oxide into a molten alloy of 
aluminium and chromium (Moiasan). The liquid 
metals are miscible only to a amatl extent. 

Silrtr and chromium, although partially 
miscible m the liquid state, form no solid 
solution Slolten cadmium docs not dissolve 
any chromium. Slolten mutturea of lead 
and chromium, contaimng more than 27% 
lead. Separate into this mixture and pure 
lead. 

Platinum-chromium. — V A. Nemilov (Z. 
anorg. Chem 1034, 218, 33) finds that tbeBnneU 
hardncss-composition curve of Cr.Pt alloys 
shows well-marked minima correspuDding with 
compounds Cr^Pf and CrPt ExatutnatMa 
of the micro structure confirms the existence 
of the latter Alloys quenched from a high 
temperature show only mixed crystals, from 
which CrPt separates on atuicaling In 
annesled specimens there is a contuiuous senes 
of mixed crystals between fl and 25 atomic %, 
and another between 65 and 100 atomic % Pt. 
The electneal resistance nses very steeply with 
increasing Cr content up to 13 atomic % Cr. 
bejond which the alloys are no longer ductile 
Alloys contaimng i--&% Cr have about five 
times the resistance of Pt, and a higher melting 
point H 1 SO 4 , HCI, and HNO). dilute or 
cone , show no action either at room tempera, 
tare or at their boiling points, on pobsbed 
surfaces of allojs with a Cr content not greater 
than 14 atomic %. 

Chromium-nickel.— 0 Voss (Z. anorg 
Chem 1D08. 57, 34) finds that the eyslem 
CrNi IS homogeneous in the liquid phase with a 
senes of mixed crystals in the solid etate, the 
curve showing a deep minimum at 1,290" and 
40-12% nickel. 

In the system chromium mckel, Matsunaga 
{A, 1930, 6S0) states the components are 
miscible in all proportions in tbo liquid phase, 
in the solid phase the eutectic m p 1,346" con- 
tains 49% N i. The best workable acid resisting 
alloy contains 16-33% Cr. 

X-ray investigation of the nickel chromium 
system by E. U. Jette, V H. Nordstrom, B. 
Queneau, and E. Foote (Amcr Inst. Min. Mel. 
Eng, Inst. ilct. Div., Tech Pub, 1934, No. 
622) shows that below I.ISO" there are two 
terminal soLd solutions with an mlcrrening 
two phase area. On the Cr side the solubility 
of N1 in Cr is low, but increases rapiiliy sti 
over 000 °. The solubility of Cr in Nl increascsl 
tmiformly and rapidly with nse in temperature, I 
that at 1,153" being nearly 63 wt.% Cr, 
which is beyond the eutectic point as deter- 
mined by t hernial analysis. The only structures 
observed were l>o<!y.cenfred Cr, face centred 
Ni, and occasionally rhorabohcdral CryOs (c/. 
Nishigon and llumasumi Sci. Itep. T 6 hckn 
UnJv. 1029, 18, 491). 


Nickel-chromium allors with less than 90®.' 
nickel are non-magnetic. 

Cobalt-chromium. — Cobalt and chromium 
are miscible in all proportions, both in the hquid 
and the solid states, and yield a mixture of 
nuninium melting point 1,320“ with 47% Cr. 
Homogeneous alloys, with 30% Cr, when cooled 
separate into two sets of crystals, Lewkonja, Z 
anorg Chem 1908, 69, 325.) 

Wever and Haschimoto (Chem. Zentr. 1930, 
I. 3482), m reconstructing the equihbnum 
diagram for tho system cobalt-chromium, stale 
that On account of the small velocity of diffusion 
of the components complete equDibnum is 
attained only with difficulty. Chromium hu 
mp 1,765“±10“. Cobalt and chromium are 
miscible in the fused state in all proportions 
The eutectie is at 1,408“ and 42% Cr. Up to 
38% Cr tho mixed crystals are face-centred 
cubic, whilst above 48% Cr they are body- 
centr^. The compounds COfCrj and CoCr 
(tetragonal, with 8 mols m the unit cell) probably 
exist. The temperature of polymorphic a-jS 
mastbnnation is maximal for T5% Cr, faiicg 
with « higher chromium content. The tempera- 
ture of magnetic transformation falls almost 
proportionally to the chromium content. The 
resistance to corrasion by acid is considerable, 
greatest for nitric and least for hydro- 
chloric acid (for the industrially important 
CrCC) alloys, see this toI, p. 317&, Stellite 
Alloys). 

Copper-chromium. — In the system of 
copper chromium there is onlypartial miscibiLty 
mth« liquid state with a eutectioneat the copper 
end (1-6% Cr, l,076").theLmit within which no 
mixture of the two liquids » formed being 37- 
93%efarommm, above 1,470“. In the solid state 
only heleroBeneous mixturea of two crystal 
species are obtained, chromium and the eutectic 
nch la copper. In the ternary system Cr-Ni- 
Cu the heterogeneity of the Cu-Cr system u 
55% removed by addition of Ni (Siedschlag, 
Z ano^ Chem. 1923, 131, 173) 

Chromium-molybdenum (Siedschlag, ihd 
131,191— yiolybdenumdiBsolv ea readJy in chrom- 
ium Until the mass contains 23% Mo. The curve 
showed a eutectie at l,460“-227% Mo. The 
liquid »s homogeneous, but no mixed crjatala 
are formed below 22 7% Mo, the solid con- 
Ruling of chromium crystals and the eutectie 
mixture Above this proportion the soLd eon- 
aists of the eutectic and crystals of molybdenum 
containing 2 6% chromium. 

Carbon-chromium. — These alloys fall into 
two groupa . (1) Those containing 8 6% carbon, 
completely soluble in hot 24% hydrochlono acid ; 
(2) those containing more than 8 6% carbon, 
partly soluble in the same acid, obtained by 
melting chromium (prepared by the aluminium- 
themuc process) in a crucible of pure carbon 
at temperature varying from 1,840“ to 2,W 
for 15 minutes and stimng with a carbon rod 
The alloys of tbo first group leave a residue ot 
prwctically pure CriCj, which forms silvery 
«T*tMs, d. 6 913. mp. 1,065". No 
Cr^C, described by Jloissan, was found The 
alloys containing more than 8 5% carbon con- 
tain no free chromium, only carbide a*™ 
8™P^ite. The carbon content of tho saturated 
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nlloy at 1,840” is 12-42% carbon; at 2,233° 
14-03%, and at 2,567° 23-12%. With 24% 
HCI an alloy dissolves, indicating Cr4Cj. 
The insoluble residue contains graphite and 
Cr^C;. This is resistant to all acids and is 
darker than CfjCj, d. C-083, m.p. ],890±10°. 
It is decomposed by chlorine at a red heat, 
forming the trichloride and carbon. The 
chemical composition of the alloys rich in 
carbon is unaffected by the rate of cooling, but 
larger crj-stals are developed when the cooling is 
retarded. An nlloy saturated with carbon boils 
at 2,57078-14 mm. pressure, the vapour being 
pure chromium (Ruff and Fochr, Z. anorg. 
Chem. 1918, 104, 27-46). Maurer and Nienhaus 
(Stahl u. Risen, 1928, 48, 996), from collected 
analyses, show that the carbides of chromium 
are Cr^Cn, Cr^Cj, CrgC2. 

Kraiczek and Snuerwald (Z. anorg. Chem. 
1930, 185, 103) investigated the system 

chromium-carbon betveen 0-13-3% carbon by 
means of heating and cooling curves and 
examination of micro-structure and density and 
observed that in the interval between 8-32-9-9% 
carbon mixed crystals were formed and a trans- 
formation occurs at 1,465°. The evidence indi- 
cates the existence of CPjC, and CCjC,, but 
not Cr^C or Cr4Cj. Westgren and I’hrag- 
m(!n {ibid. 187, 401)*Btatc that the chromium- 
chromium carbide eutectic has 3-4% carbon, not 
4-5%, A eutectic carbide of the formula Cr,C3 
is indicated in addition to Cr4C,Cr,C2. 

Schcnck, Kurzen, and Wcsselkock (*Z. anorg. 
Ciicrn. 1932, 203, 159), in studying the syn- 
thesis of carbides from the metals and CH4, 
find that CH4 reacts with Cr at 000°-800°, 
forming CTjCj and a C-rich mixed-crj-stnl 
phase containing 11-5% C in equilibrium 
with the Cr.C« phase. The C content oftho 
mixed-crystal pliase can be increased to 12-5% 
by further treatment with CH4; this phase 
probably contains CPjC,. 

By means of the equilibrium diagram of the 
chromium-carbon system, Hatsuta (J. Study 
Met. 1031, 8, 81-88) finds four carbide phases, 
c, ■>], {, and K, corresponding respectively with 
CPjC (cubic), Cr^Cj (trigonal), CPjC- (ortho- 
rhombic), and (?) CrC. A eutectic (a-pc) 
lies at l,-i85°, 3-7% C. The c and q phases are 
peritectically formed thus : ij-l-mclt ->-<(1,530°), 
{-bmclt->-ij (above 1,600°), The ? phase pro- 
bably has the maximum melting-point on the 
liquidus curve, and forms a eutectic with 
the K jibase ; a transformation takes place at 
1,505° in this phase. 

Iron-Chromium. — With iron the alloys of 
chromium arc of great interest. The system 
Cr-Fe on solidificntii.n exhibits an unbroken 
series of mixed cn-stals. aFe-Cr and 5Fe-Cr 
show complete miseibility, uhile yFe (stable 
lietuecn ll00°-1.4t>0°) forms mixed crj-stals 
v'ith Cr up to 14% (Bain, Trans. Amcr. Soc. 
Steel Treat. 1926, 9. 9 ; Olierhoffer and Esser, 
Stahl u. Eisen, 1927, 47, 2021 ; Jlaurcr and 
Xienlmus, ibid. 1928, 48, 996 ; Wever, ibid. 
1929. 49, vS39 ; Chem. Zentr. 1931, ii, 2924 ; 
Bain and Griffiths, Trans. Amer. Inst. Min. Met. 
I'.ng. 1927, 75, 160). The presenee of chromium 
in iron or steel producc.s a much finer texture, 
greater hartiness, tenacity, and elasticity, and 
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greater smoothness of fracture. Chromium 
lowers the APj point, eventually causing its dis- 
appearance, whilst it raises the APj point of the 
steel, the propoition of chromium required being 
less the higher the carbon, c.g. with 0-2% carbon, 
5% chromium is required. Hence chromium 
steels are self-hardening (i.e. air-hardening). 
Steels containing 15% chromium have been 
used for tools and have to be cast to shape. 
With 0-5% chromium and 0-5% carbon tho 
steel is used for artesian well bits and jars and 
has no equal in tho hardened state. With 1% 
chromium and high carbon the steel is used in 
bearing balls, cones, roller bearings, and crushing 
machinery. These low chromium steels, when 
well annealed, can be machined. The principal 
use of chromium is as a constituent of other 
alloy steels especially nickel steels, to which it 
imparts greater toughness and hardness. As 
such it is used extensively in automobile parts 
and in armour plates which are case-hardened 
and quenched. Chrome steel is also used in the 
manufacture of special kinds of files. Tho alloy 
is usually prepared of tho requisite composition 
by the addition of a definite amount of “ ferro- 
chromc,” containing from 40 to 85% chromium, 
to the molten steel. 

Stainless steel cutlery containing Cr 11-14% 
and C 0-3-0-4% was introduced in 1913. For 
chemical plant stainless steel may contain 
Cr 8-18% with Ni 8% or Mn 4%. These 
alloys resist nitric acid, acetic acid, caustic soda, 
and ammonia. Tho steel with 14% Cr and 
0-15% C will resist hot but not boiling nitric 
acid. Wires of a chrome steel containing a 
high percentage of nickel can bo fused into glass 
like platinum. Laboratorj' electric furnaces 
aro usually wired with Ni-chromo resistance 
wire (A. B. Kinzcl and W. Crafts, “ The Alloys 
of Iron and Chromium,” I, 1937 ; “ Low 

Chromium Alloys,” II (now published), “ High 
Chromium Alloys,” McCJrnw-Hill Book Co. Inc., 
New York and London, 1937 ; R. H. Greaves, 
“ Chromium Steels,” H.M. Stationery Office, 
London, 1935). For alloys of chromium, see 
Priestley, Ind. Eng. Chem. 1936, 28, 1381 ,- 
for chromium steel in pressure vessel construc- 
tion, sec Hopkins, ibid. 28, 1386. 

Ferrochrome was formerly prepared from 
rich chrome iron ores in blast furnaces by the 
use of coke and hot high-pressure blast, or in 
crucibles. In 1890 tho manufacture was com- 
menced in tho electric furnace and has gradually 
superseded tho other methods. In the produc- 
tion of chromium from chromite to form ferro- 
chrome, tho iron o.xido being reduced, reduction 
of chromic oxide begins about 1,185°C. Thirty 
parts of pure carbon are theoretically ncccss-jry 
for cverj’ 100 parts of iron and chromi’jm 
reduced. On tho basis of the double carbide 
FCjC.CrjC, being formed by reduction of the 
chromite the following reaction occurs : 

9FeCr.O4-f-50C 

“fZlFe^C.BCraCj)-! 3Fe]i 36CO 

The ferrochrome resulting would contain 
thcorcticaUy 10-4% carbon, 31-4% iron, and 
58-2% chromium. The ore has to be finely 
ground and is then mixed with anthracite 
coal in tho proportion of 37 parts of carbon to 
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100 parts of ort, wHch fotms the above allojr, 
and charged into the furnace. The power 
consumption in a 730 kilowatt furnace of the 
Aibv carbide type at Kcppersen, Norway, waa 
3 0 kw. hours per lb., or 0-68 lew. year per short 
ton for 5% carbon and 65^o chrominm feno- 
chrome The percentage of carbon in the ferro- 
chrome cannot bo kept low by regulating the coal 
charped into the furnace, but decarhunsation 
can be eSected with an oxide alag of iron or 
chromium after tapping the alag from the first 
reduction (Trans Electrochem. &e. 1913, 176). 

S. Eriksson (Jemkont. Ann. 1931, 11% 630; 
A, 1935, 1453) confirms the existence of an inter, 
mediate a'^phaae in the Ffr-Cr system (approxj. 
mate fonnida FeCr) (c/. VTever, B. 1933, 469). 

The addition of chromium decreases the mag- 
netic properties, but all alloys, to 80% chromium, 
are magnetic. The magnetic property of 
chromium is not increased by cooling in solid 
hydrogen (Compt. rend. 1901, 150, 687). A 
carbide of chromium and tungsten of great 
hardness and of ap gr. 8 41 has been produced 
m the electne furnace, and to it the special pro- 
perties of chrome tungsten steels are probably 
due Theselatter(aswel]as chromemolybdennm 
steels), containing up to 3% chromium and 16% 
tungsten, are used for the manufacture of 
machine tools Cobalt is frequently added to 
both classes of tool steel Steel contaimng 12% 
Cr may be produced by reducing CrjOj by 
ferro siheon above a bath of low-carboo steel 
(Applied Chem. Bept. 1936, 341) 

Basic Oxides, — Two chromium oxides, 
'hnnoua oxide, CrO, and chromic oxide or 
cArnmium sraguiondr, Cr,0], are definite baaio 
oxides, }jel<iu)g salts with acids tn which 
chromium is present as a divalent or tnralent 
kation, forming the ehromoue and the ehromie, 
aalts Cbromio oxide can also combme with 
bases to form salts, tbe cAromites, of the type 
M CrO,. in a hicb tbe chroouam is present in the 
monovalent anion, CrO,'. Chromic anhydride, 
CrOj, IS an acid anbydnde forming, with bases, 
^lU of the tj-pe M,CrO,, the chromate*, or 
MjCr^Of, tbe dichromate*, m which tbe 
chromium exists as the divalent anion CrQ," 
or Cr,0;." Other oxides hase been prepared 
and are usually regarded as compounds of the 
basic and acid oxides, eg. Cr,0,^Cr0,= 
chromic chromate or chromium dioxide CrO, 
These oxides are desenbed on p. lOI. 

The salts of chromium are coloured ebades of 
violet or green ; all solutions of violet chxomram 
salts show similar absorption towards light; 
the spectrum is due, therefore, to the chrominin 
ion In solutions of green complex salts the 
absorption band and limit of complete absorption 
are both shifted towards the red end ol the 
spectrum. 

Chromous Oxide, CrO, ia most con- 
veniently prepared by the action of dilute 
nitnc acid on chromium amalgam which dia- 
sohes the mercury Icanng chromous oxide as a 
black powder (Dieckmann and llanfi Z. imorg 
Chem 1914,86.301). 

Chromic Oxide, Chromium Sesquioxide, 
Cr,0, — This compound is produced by the 
oxidation of mctalhe chromium and by ignition 


of chromic hydroxide, chromic anhydride, and 
certain chromates. 

(1) Amorphous ; (a) Prepared by heatiag 
potassium chromate or dichromate with a 
tedncing agent, starch, glycerine, sugar, etc., 
and washing the residue with hot water, (b) By 
heating ammonium dichromate, according to a 
nnmber of authors the product is green Cr,0, 
Tins reaction has been studied by Harbard and 
King (J.C.S. 1938, 955). In vacuo the product 
was a black powder containing Cr 61'2% (Cr,0, 
contains 68 42% Cr); on further heatmg an olivs. 
coloured substance was obtained (Cr 67 

0 5%), this heated inhydrogen'at 800® for21 bonn 
yielded bright green chromic oxide (Cr 68-4%) 
The thermal decomposition of (NH,),Cr,0. 
appears to yield a non-stoicheiometric compouna 
{ej. Ball, J.C.S. 1909, 93, 87, who by slow de- 
composition of (NH 4 ),Cr, 0 , obtained a black 
powder,3CrO,-H,0; Hooton.Proc-Chem.Soc. 
1908. 24. 27. found H,Cr,0,; ‘Moles and 
Gonzalez (Anal. Fis. Quim. 1923, 21, 204) re- 
ported the product as CrO,. Eischheck and 
Spingler (Z. anorg. Chem. 1938, 235, 18b) 
confirm Hooton’s formula. Foe cnticwm of 
these results, tee Harbard and King, I e.). (e) By 
heating mercurous chromate, preferably wutli 
out access of air. (d) Not in the pure state, 
by heating chromic hydroxide m air. («) By 
heating chrosuc hydroxide la an Inert gas, 
finally to a high temperature, the dark green 
oxide first produeed, glows and turns black and 
becomes insoluble m acids (Moissan, Compt 
tend I8S0. 90, 1359). 

(2) Crystalline. — Preparations (a) By fusion 
of the amorphous oxide m an electno furnace 
(Moisaan. ibid. 1892. 116. 1035). (5) By heating 
potassium dichromato with sodium chlondo 
(Ditte. ibid. 1902. 134. 336). with tin 
(Prod'bomme, BuB Soc. Mulhouse, 18S9, S9, 
699). It has been observed as a kind of 
sublimate in pottery furnaces. 

Wohler prepared this oxide in fine, small 
rhoobobedral crystals by passing the vapour of 
ebromyl dicblonde through a tube heated to 
redn^. ThecrystalsareisomorpbousmthconiR- 
dumandof equal hardness; their 8pgr.is521. 

A fine shade of amorphous chromic oxide 
is produced by heating mercurous ebromafr, 
HgjCVO,, in a covered crucible; mercury and 
oxygen escape, and the oxide remains as a green 
powder. For the preparation of this substanw 
on the large scale, a great number of methods an 
recommended ; one early method is aa follows : 
— boil a solution of potassium dichromate with 
half Its weight of flowers of sulphur so long as 
the green hydroxide is precipitated. Tbe 
addition of a Lttle potash solution, by forming 
potassium sulphide, accelerates tbe decom- 
position. The precipitate is filtered and washed. 

The sulphur retained in tbe precipitate msy be 

removed by heating (lassaigne, Arm. Chim.Phy*. 

1861, [lu], t4, 299) ; cf. Siegle & Co., B.P. 461799 
and Addn. BP. 461800 ; Wohler (Fogg. Am 
1827. 10. 46) heats a mixture of potassiom 
dichromate with its own weight of ammomom 
chloride and a small quantity of sodium 
carbonate, and purifies the residue by waahi^ 

According to Barian (Rev. Scient. 1846, 20. 
425), a very pure colour, suitable for colouni^ 
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fine porcelnin, is produced by igniting m a 
crucible a mixture of 4 parts of potassium 
cliromnto and 1 part of starch The mass is 
•Basiled free from pota-^sium carbonate .ind re 
ignited 

Cliroimiim green is manufactured together 
with nIKahne earth and alkali formates by 
heating a suspension or a solution of an alkaline- 
earth or alkali chromate at 150°-'lo0° with 
tarhon monoxide underpressure (I G. Farbenind 
A O.BP. 30w88). 

Chromic scsquioxide is a green pigment of 
great pirmanencc It is not acted upon by 
chlorine or sulphur gases or ba’ an intense heat 
It melts at 1,990’ (Kanolt, J. Washington Acad, 
f-ci. 1913, 3. 315), at 2,140'“±25'' (Bunting, 
Bur. Stand J. Res 1930, 5, 325), and crystallises 
on cooling a chromium hydroxide (t p. lOS). 

Cr^(OH)8Oj,10HjO 

or Cr4(OH),nO,9HjO (Jox itchiteh, Hciv. 
Chim Acta, 1920, 3, 4G), absorbs carbon dioxide 
from the atmosphere until a saturation limit is 
reached The compound appears to be 

C 03 [ 2 Crj,(OH)o]. 8 H, 0 , 

Cr,(0H)(,-0. 

or >CO,9HjO 

Crj(0H)5-0/ 

It can bo dried at 100° without losing COj, 
which IS, howcicr, liberated by acids (Compt 
rend. 1914, 158, 872). 

The oxide is largely used under the names 
chrome green (mixtures of chrome yellow and 
Prussian blue are also called chrome greens and 
must not he confused with the true chrome 
green) and ultromnniic preen for imparling a 
green colour to glass, portelain, etc. It is used 
tor producing the cliromo red glaze in ceramic 
ware, ns a pigme'iit in oil and water colours 
and in printing, and as a mordant in calico- 
printing and dyeing Certain hydrated oxides 
are also used under xnrious names , their colours 
arc, gcncnilly speaking, brighter than that 
of the anhydrous oxide, but they usually contain 
small quantities of other substances besides the 
oxide and water. (I'or hxdratcd chromic oxide 
i. R Prickc and G. P. Iluttic, “ Hydroxide and, 
Ox\hxdrate,"Acndcmiseho\ Cling Leipzig, 1937). 

Giiignet’s Green; Pnnnetier’s Green, 
Emerald Green, Verdian. 2 Cr ;03 3H20. — 
This pigment appears to be identical with that 
formcrli manufactured in secret by Pcnnettier 
.Vceordmg to Guignot’s method, 3 parts of heme 
and and 1 part of potassnim diehroiiiate are 
hi ited to dull redness in a rex erberntorx furnace 
The mass s\ulls up, e\ oI\ es oxygen, and becomes 
of a line green colour , it contains the borates of 
potassium and chromiura. or a double borate of 
those two metals It is boiled with water, 
whereby the borate of chromium is dccompo«cei 
into bone acid .ind hydrated chromium sesqui 
oxide, potassium borate aKo remaining in 
folution 'Hie precipitate is well w.ash(d, tlried, 
and finch ground. It usually contains boric acid 
e\cn after thorough washing, but not if jire 
I'anil with ainmonium diehroinafc 'ihewash- 
mgs and mother Inpiors .ire ex.aporited for the 
re cox cry of the boric acid 
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According to Chem, -Ztg. 1885, 9, 851, 
the process then used on the large scale xras ns 
follows : The boric acid was first purified by 
solution in hot water, treating xxitli ammal 
charcoal and recrystallismg The crystals were 
dried in a centiafugal machine. The mother 
hquor could be employed three or four tiroes 
for rccrystallisation of fresh portions of acid, 
but became then too impure for further use. 

I Eight parts of potassium dichromate and 3 parts 
of purified bone acid w ere ground into a stiff 
paste with xvater, and the mixture in charges 
of about 1 cwt. heated to dull redness for 
about 4 hours m n rex erberatory furnace. The 
fused mass xxas thrown into xxater, and washed 
repeatedly by decantation ; the pigment was 
ground while wet, again washed, filtered, and 
dried. The first two washings contained con- 
siderable quantities of potassium borate, xxhich 
was recox’cred by evaporating in leaden pans, 
adding hydrochloric acid and allowing the bone 
acid formed to crystallise. The mother liquor 
xxas further exaporated and crystallised. The 
crystals xxerc redissolxed, the lead (from the 
pans) precipitated by hy drogen sulphide, and the 
filtrate recry stalhscd. In this manner, from 
70 to 75% of the boric acid xvas recox ered. 

Giiignct’s green is the most permanent green 
pigment knoxxn ; it is not acted upon by light or 
concentrated boihng alkalis ; it is not affected 
by acids in the cold, but hot hydrochloric acid 
slowly' dissolxcs it. When heated to 200° it 
blackens and becomes anhydrous. It is a lino 
green pigment largely used for the same purpose 
as the ordinary oxide but is more brilliant, and 
may replace the dangerous arsenical greens. It 
possesses good cox ermg poxver, and can bo mixed 
XX ith other pigments xx ithout alteration When 
mixed XX Ith lead chromate, it is employed for the 
production of a pale green colour m landscape 
painting. 

Other chrome greens are obtained by the use of 
sodium pliosphatc. These always contain some 
phosphoric acid. They are, hoxxcxer, not as 
brilliant ns the oxide chrome greens Various 
methods of preparation ore employ ed. Arnaudon 
dissolxcs ammonium phosphate xxith slight 
excess of potassium dichromate m a little boiling 
xxater, exaporntes until the mass solidifies on 
cooling, heats at 80°, and later at 200°, xx ashes 
xxith hot xxater, dries, and powders Another 
method consists in boiling a solution of 10 lb. 
potassium dichromate xxith 18 lb sodium 
phosphate, adding 10 lb. sodium thiosulphate 
and a little hydrochloric acid, and boiling until 
precipitation is complete The precipitate is 
XX ashed, ground, and dried. 

Blant and Chaudron (Compt. rend. 192G, 182, 
380) state that the blue form of CcjOj changes 
to green at 500° m air, and then rebcmhles 
Giiignct’s green (r/ B, 1020, ICG). 

Chromous Salts. — ^Trxube and Goodson 
(Bcr. 1916, 49. 1G79) haxe prepared cliromous 
‘alts hy the electrolytic reduction of tlic corre- 
sponding chromic s-ilts at a cathode of pure 
lead 'Ihe most faxoiirable conditions for the 
reeliiction ofxii let chromie salts arc mmodcratclx 
acid concentrated solutions xxith a currint 
density of 2 5 amps jK-r sq decimetre. The 
more common green salts can be used in more 
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concentrated solutions, but require a greater 
density of current. 

Anbydrous ehromoua ealts are white and 
yield blue solutions which are gradually oxidised 
m acid solution with the liberation of hydrogen, 
thus 2Cr0+H,0=Cr.0,+ Hj. Theyareon 
this account able to reduce organic compounds 
with double or triple linUngs in the presence of 
water. Acetylene is reduc^ to ethylene, but 
not to ethane ; maleic and fumanc acids are 
readily reduced to succinic acid. Nitrons oxide 
in the presence of alkali hydroxide is reduced to 
nitrogen. Nitno acid and hydroxyUmine are 
reduced quantitatirely to ammonia (TVanbeand 
Passarge, Ber. 1916, 49, 1693). Chromous 
salts form stable double compounds with 
hydraiine which may be pTCcipitetcd from 
chromous acetate dissolred m air-free water 
covered with Lght petroleum Chromous di* 
hydrazine chloride, CrCI]‘2N|H^, is a Llae 
coloured powder sparingly soluble m mate. 

M. Cbatelet (Compt rend 1934, l99. 290) 
prepared anhy^oua CrCI^ by reduction of 
CrCI) with H, at about 300° It dissolves in 
C(HgN, yielding a green solution and green 
crystals of the compound CrCI],2CgH.N. This 
compound shows traces of oxidation after some i 
hours m the air.; 1 mol of CrCt^ absorbs | 
S49 mob of dry NH, at atraoaphenc 

E r«a4ure and at room temperature The I 
igher absorption found by Ephraim and Zapata I 
U attributed to the lower reduction tempera I 
ture. The composition varies with NH, 
pressure and at zero pressure corresponds with I 
CrCIt.SNHj, confirming the existence of thisl 
compound, hut no evidence could be obtained ' 
of too existence of CrClj.fiNH^ by studying 
thepressurc composition curve When, however, : 
the CrCI, u kept saturated with NH, at 22° I 
and "6 cm . the colour changes from pale green' 
to iiolct rose, and in 20 hours the prMuct 
corresponds with the composition CrClj.SNH,, 
and its composition does not vary over changes , 
of NH, pressure from 11 to 83 cm. 

Chromic Hydroxide is precipitated from 
a solution by caustic alkali or ammonia, but can 
only be obtained pure by use of the latter 
reagent owing to adsorption of the fixed alkab 
by the precipitate. The water retained vanes 
with the method of drying 
A V. Rakoiski and T Paljaiuki (Trans Inst 
PureChem Ileag U.S S.R. 1931, No 12,11-16) 
find that Cr hydroxide free from Cl' may be 
obtained by reducing NajCrjO, with CH,0 in 
presence of HCl, precipitating with NH, and 
washing with dilute NH, and then with H,0. 
Preparations made from the sulphate cannot be 
freed completely from SO, Hahn (Ber. 1932, 
65, (Q], Gi) lecommend-s 15 g NaNO,, 15 g. 
NaN, m H,0 (250 cc.) as a reagent for 
obtaining a pure, dense, easily filtered form. 

A colloidal solution of hj drated chromic oxide 
w as prepared by Graham (Phil. Trans 1861, 151. 
183) by dialisw of a solution of freshly pre- 
cipitated chromic hjdroxide in chromic chloride 
solution in water After 30 days’ dialysis the 
deep green solution showed 4 3 parts HCl to 
95 7 parts Cr,0,, after 38 days 1 5 acid and 
9S5Cr,0, 

Hem and Bar (KoUoId-Z. 1931, 67. 47-49) find 


that compounds of the type CrX, OR,3NH 
(where X is a halogen and R an alkyl radical) 
are precipitated when NH, b added to a 
solution of CrX, in the ether R,0. ITiry 
dissolve in H,0 with hydrolysis and atsuScieot 
concentration » gel of Cr{OH), is formed. The 
geb are fairly stable and undergo syneresis. 

J, Liesiecki (Roez. Chem. 1930, 10, 736) 
finds that stable chromic oxide sob are 
obtamed by adding washed chromic bydronde 
prepared by the action nf ammonia on chromie 
nitrate aolutioc to a solution of chromic chloride; 
such sols do not need to be dialysed. 

Chromic Chloride, CrCI, or Cr,CI, The 
anhydrous chloride is obtained by beating a 
mixture of carbon and ebronuum sesqaj. 
oxide m a current of chlorine. It can be 
conveniently prepared by Bounon’s method 
(Compt. rend. 1909, 14S, 170) by passing 
the vapour of sulphur chloride, b p. 13S’, 
over the oxide gradually raised to a red heat 
It forms pale-violet scales of sp gr, 2 782 (Bilu 
and Birk, Z- enorg. Chem. 1924, 134, 125); 

1 2 916 (Ciespi. Anal. Fis. Qulm. 192S, 20, 152), 

I It IS almost insoluble in water, but diMolres 
I readily, bemg transformed to the green variety 
I (r infra), if only a minute trace of chromoui 
cblonde (1 in 20,000) is present. 

I Cbromic chlonde may be prepared in solution 
I by dissolving the hydroxide m hydrochlonc and. 
' Tbe hydrates of chromic chloride include three 
isomenc hexahydratea t a green ult, 

I [CrCI,(H,0)|lCI,2H,0, 

a violet salt, [Cr(H,0),]Cla (Recoura, CompL 
rend 1886,102. 648 ; Ann Chim. 1887, 10, 31), 
and a pale green salt of intermediate coiutits- 
tion, lCrCUH,0),)CI,H,0 (Bjemim, Ber 
1906. S9, 1599; Z. physikal Chem. 1907, 69 
376, 596). Tbe green hexahydrato is urtly 
dehydrated in lucuo over sulphurm arid and 
yields the tetrshydrate, a pale green powder, 
chromic dichlorotettaquochlonde, 

[CrCI,(H,0)JCI. 

The green decahydrate, 

[CrCI,(H,0),lCi,6H,0. 

crystallises from a strongly cooled solution 
(66%) of the green hexahydrato (Werner anii 
Cubser. Ber. 1906, 39, 1823). The latter salt 
kept for 4 months at 1 mm. over phoipboruJ 
pentoxide is dehydrated to the hemitn- 
hydrate, CrCI,.lJH,0. but if heated slowtir 
to 153° in a current of HCl the red hemihydrsle 
CrClj.iHjO b formed. 

The formulae of Werner and Cubser {*r) 
explain the behaviour of the green ben 
hydrate (supra) ; in a freshly prepared solob'^ 
at 0°, only one third of the chlorine resets 
with silver nitrate. At ordinary tcmpcrstoiv 
the AgCI precipitate may correspond to sU 
values between 1 J and 3CI. The solution of b* 
violet hexahydrate yields 3AgCI. ^^**’**11, 
ami Torke (Z. anorg. Chem. 1932, 209. 
prepared a bnght bluish-green hydrate I fw" 
[Cr(H,0).lCI, and a dark green hydrate H 
from (Cr{H,0),CI.1CI.2H,0, by the addit'® 
ofNHjOHand NH^CI. (I) u readilyioluWe“ 
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ncid‘',(ll)lcss Foliiblc. The formula) suggested 
are (I) Cr(OH)3,3HjO and 

(II) [Cr(H30)(0H)3],2H30. 

On passing hydrogen chloride through a 
concentrated solution of green ehromic 
chloride a heliotrope-coloured double chloride, 
CrClj.HCl.xHjO (x approx. 6) is precipitated. 
The substance is insoluble in methyl and ethyl 
alcohols, and in water gives a pale red solution 
which immediately turns green (Partington and 
Tweedy, J.C.S. 1927, 2899). 

Chromyl Dlchloride, CrO^CIj. — ^Moissan 
(Compt. rend. 1884, 98, 1581) prepared chromyl 
chloride by treating dry chromic anhydride 
with hydrogen chloride. It forms at the 
ordinary temperature but the action is acceler- 
ated by heating. It may also bo made by distill- 
ing potassium bichromate (3 parts) and common 
salt (3 parts) with sulphuric acid (9 parts) in an 
atmosphere of carbon dioxide. The corre- 
sponding bromide and iodide cannot bo made 
by this method, but the fluoride can, the formula 
for tbc latter being CrOjFj (Gazz. chim. ital. 
1880, 16, 218). H. D. Law and F. M. Perkin 
(.T.C.S. 1907, 91, 191) found that tbo best way of 
preparing this compound is to dissolve chromic 
anhydride (50 g.) in strong hydrochloric acid 
(170 o.c.) to which is added 100 c.c. of strong 
sulphuric acid, 20 c.c. at a time. Chromyl 
chloride sinks ns a red liquid and may be 
separated in a tap funnel. B.p. at 700 mm. is 
11C'7°, nr.p. — 90-5® iO-O®. It is a deep red 
liquid resembling bromine. Two spooiraens had 
2'0328-2'0515i dj 1-9591-L9582 ; 
1'912-1-1-9113 (Moles and G6mcz, Z. physikal. 
Chem. 1912, 80, 513). Its vapour is not 
dis.socintcd at 181®C. When heated in a 
closed tube to 180°-100° trichromyl cbloridc, 
(CrO,)pClj, is formed. This is a black, non- 
crystalline powder deliquescing in air. Chromyl 
dichlorido reacts with phosphorus trichloride 
in carbon tetrachloride solution to form 
CrOCI.POClj and PCI5. 

Chromous Bromide, CrBrj. — A white salt 
giving a blue solution, prepared by Moissan by 
passing bromine vapour with nitrogen over 
lieatod chromium. 

Chromic Bromide, CrBrj, is formed like 
the dibromide, by pa.ssing excess of Br over 
heated Cr. It is a dark green powder and 
forms two isomeric hexahydrates, green and 
violet, corresponding to the similarly coloured 
hexahydrates of CrCI,. 

Chromous Iodide, — Hein and Wintner- 
Ilbldcr (Z. anorg. Chem. 1931, 202, 81-89) pre- 
pared pure Crij, m.p. 790®-795°, by heating 
electrolytic Cr with an excess of I in Nj or 
vacuum at 1,150°-1,200°, and removing the 
excess of I from the product by heating at 200°. 
Two forms, viz., greyish-white and dark brown, 
exist. Crlj has an appreciable decomp, 
pressure at 400°-700°, but in presence of a trace 
of I vapour Ibis is strongly dcprc.sscd, and 
inrrea.se.s only very slowly with ri»e of tempem- 
tuit'. Iodine reacts, but not very readily with 
CrIj, at 300®, a product containing more 
than 91% CrIj could not be obtained. It 


reacts vigorously with pyrophoric Cr at 300°, 
with partial formation (67%) of Crlj. 

Chromic Fluoride, CrF3,4H20. — This pro- 
duct, prepared by dissolving chromic hydrate in 
hydrofluoric acid, is used in the printing and 
dyeing of woollen goods. (For preparation, t». 
1937, B, 1199). It is a fine, crj'stalline, green 
powder, very soluble in water, but it has a 
corroding action on glass, and is therefore best 
kept in lead or wooden vessels. It may bo used 
as a mordant with both vegetable and animal 
fabrics, and is often employed in tbe place of 
acetate or nitrate of chromium for printing, and, 
in general, gives finer results. Alizarin dyes, 
cocruleTn, gallein, etc., and logwood extracts, aro 
fixed as perfectly ns with acetate of chromium. 
One advantage is that it is marketed as a solid. 
Its effect on wool in after-chroming baths has 
been criticised (Knccht, Lawson, and Loewen- 
thal, “ Dyeing,” II, 632, London, 1925). 
Chromium silicojluoride, prepared by dissolving 
the oxide in hydrofluosilicic acid, has also 
•been used in dyeing and printing in place of 
the fluoride, and is stated to give better results. 

Chromium Nitride. — Valensi (Compt. rend. 
1928, 187, 203) prepared chromium nitride as a 
brown crystalline powder by heating chromium 
in pure nitrogen. It gives dissociation isotherms 
between 810° and 1,200® analogous to those of 
palladium and hydrogen, which indicate the 
formation of the compound CrN. The tem- 
perature, 1,015°, at which the dissociation 
pressure is 760 mm. agrees -nith the calculated 
value. 

Chromium compounds with nitrogen prepared 
by passing ammonia over chromium heated to 
800® show the existence of two phases. The first 
phase is homogeneous for a considerable range 
of concentration which probably includes 33 
atomic per cent, nitrogen corresponding to the 
formula Cr2N. The chromium atoms are 
arranged in a hexagonal lattice with the densest 
spherical packing, the nitrogen atoms probably 
being distributed at random in the _ spaces of 
the lattice. The second phase corresponds to 
the formula CrN nith NaCI structure. X-ray 
examination of a nitrogenous ferrochrome 
{60-3% Cr, 2-4% N, 0-7% Mn, 2% Si, 0-2% 
C) showed hexagonal CrN (Blix, Z. physikal. 
Chem. 1929, B, 3, 229). 

In the sj'stem Cr-N the hexagonal ^-phase 
has a " superstructure,” the cell volume of 
which is three times ns largo ns that of the 
hexagonal close-packed lattice. The upper and 
lower limits of the region of homogeneity of the 
^-phaso are 11’9% N (CTjN) end 9-30% N 
respectively (S. Eriksson, A, 1935, 1455). 

Chromium Azide, Cr(N3)5 (Mandaln and 
Comelln, Gazzetta, 1922, 62, (i), 112) was pre- 
pared by prolonged treatment of an absolute 
alcoholic solution of crystalline chromium 
nitrate nith sodium sulphate, and evaporation 
of the filtered liquid with the calculated propor- 
tion of sodium azide in a vacuum. It forms a 
highly hygroscopic dark green amorphous ma.ss. 

Chromous HydrazineCompounds(Traubo 
and Passarge, Bcr. 1913, 46 1505) can bo pre- 
pared by suspension of chromous acetate in 
air-free water covered nith a layer of fight 
i petroleum. The acetate is dissolved by addition. 
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of the exactly necessary quantity of dilute 
acid, and then a solution of hydrazine hydrate 
or sulphate added. The salt precipitates readily 
and IS Trashed with water, alcohol, and ether. 
Chromous dihydrazine chloride, CrClj.SNjH^, 
and the bromide, CrBr},2N{H4, are lilac* 
coloured compounds, the iodide, Crl],2N jH,. is 
grejish-blue 

Chromium Nitrate. — ^lovitschitsch (Mon 
atsh. 1912, 33, 9-18), by dissolving strongly 
heated chromic oxide in hot concentrated HNO, 
(d. 1-4), obtained a solution from which the 
hydrate, Cr,{NO,},,16HjO, crystallises on 
cooling ID the form of dark brown pnsms 
(a.b.c.=l-4210: 1 : 1 U58, ^=93* 10*) In 
contact with dry air the crystals lose 6HjO 
with the formation of a grey-coloured hydrate, 
Crj(NOj)j,9HjO Partington and Tw^y by 
dissolving chromic hvdrate obtained the salt 
Cr,{NO,)g.25H,0 (JCS. 1926, 1142) 

Chromium Silicldes. — Chromium sihcides 
may bo prepared by heating the two dements 
or mixtures of chromic oxide and ailicon 
carbide in the electric furnace , compounds 
represented by SiCtj, SiCr^, SijCr^, and 
Si,^Cr, have been prepaid They arc cry staUine 
and very hard — SiCr, is harder than conindum 
— and are not attacked by ordinary acids, though 
Attacked readily by hydrofluoric acid and by 
aqua regia (Lewau and Figueras, Compt rend. 
1903, 136, 1329 , Matignon and Trannoy, t&id. 
lOOo, 141, 100 . FnIJey, Rev. m4tal 1911, 8. 
470 , Baraduc Muller, i&id 1909, 6. 157 ; 
1010, 7, 09S) 

B Boren (Arkiv Kemi, Min Gcol 1934, llA, 
Ko. 10, 29 pp ) inferred the formation of the 
following compounds m the system Cr-$i. 
Cubic crystals of CcjSI with a 4 55SA and 8 
atoms m the unit cell, a phase of uncertain 
composition and structure stable only at about 
1,000* i CrSi, cubic, a 4 620.\ , space mup T*, 

8 atoms in the unit cell, structure analogous to 
that of PeSI ; CrSi,, hexagonal, a 4 422, 
c 0 3SIA , space group Bj. 

Chromium Borides.-— .Moissan prepared 
hard amorphous CrB from the two elements in 
the electno furnace (Aon. Chizn. Phys. 1896, 
[vii], 8, 503). Wedekind and Fetzer employed 
a mixture of chromic oxide, aluminium powder, 
iind powdered boron, and obtained crystalbne 
■LrlJ fBer. 'AWV, '40, ”297) Andneux pro 
pared CrjB} by electrolysis of a fused mixture 
of BjOj. CtjOj, MgO, and MgF. (Ann chim 
1920. [xj, 12. 480). 

Potassium Chromate, K,CrO{, is prepared, 
as already desenbed, from chrome ore. It may 
be produced by adding potassium hydroxide to a 
solution of the dichromate. It crystallises in 
anhydrous, yellow, rhombic pnsms isomorphoiu 
with those of potassium sulphate, spgr, 2 71 
(Kopp). 100 parts of water dissolved of potas- 
sium chromate 

0" 30* 60* 105 8* i 

67 11 65 13 74 60 88 8 

105 8* being the boUing-point of the saturated 
solution (Koppcl and Blumenthal, Z. anorg 
Cbem 1907, 53, 262) The solution has a fine 
ellow colour, a distinct y ellow tmgo is imparted 
y 1 part m 400,000 parts of water. The 


solution has an alkaline reaction. Like il] 
chromates the salt is poisonous (r. Cnsojiirx, 
supra). 

WTien heated, it reddens and fuses without 
decomposition ; heated with reducing s'-entj 
such as sulphur, it is reduced to chromina 
'aesquioxide. The addition of an acid, evea 
carbonic acid, determines the decomposition mto 
potassium dichromate. It forms double salts 
with the chromates of the alkaline earths mil 
lead 

Potassium chromate is not largely used, the 
dichromate, on- account of its higher perccnti»e 
of chromic acid, being generally preferred. 

Potassium Dichromate, KjCr^O,, rap 
3S9 4*±05®.— This important salt, genersUj 
known as “bichromate,” or *' bichrome," u 
prepared in large qnantities by the methodi 
already described. Considerably over 10,000 
tons are annually produced in Great Bntain 

It crystallises in anhydrous, red, tabular 
prisms belonging to the tnelinic system, of sp gr 
2 70, and of intensely metallic, bitter taste 
At bright redness oxygen is evolved, sml thr 
normal chromate and chromic sesquioxitle result. 
Acid chromates, of composition K|CrjO,, ssd 
KjCr^Ojj, appear to exist in solution witlua 
certain limits of concentration. 

100 parts of water dissolve at 0*, 4 61 parts: 
at 30*, 18 13 parts ; at 60*, 45 44 parti ; and 
at 104 8*. 106 2 parts , 104 8* being the boiluig 
point of the aaturated solution (Koppel and 
Blumenthal, Z anorg Chem 1007, 53. 203) 

The salt separates from the fused state u i 
compact mass of dark browniab-red tabular 
eiyetals with marked reduction in Tolutne Os 
further cooling the crystals change to a loow, 
orange-red powder, the transition being 230 S': 

0 5*. The unstable monoebme form Ganges to 
stable tricbnic crystals at this temperatun 
(Robinson. Stephenson, and Briscoe, JCS. 
1925, 127. 547). 

Potassium dichromate is used in the prepsn 
tion of chrome pigments, of “discharjs" 
for Turkey red. etc , for the production of i 
large variety of colours in calico printing and 
dyeing, and m the manufacture of safety 
matches In solution with sulphuric acid, H 
! IS used 05 a bleaching agent for tallow, pslffl 
oil, etc., in the oxidation of anthracene to ab 
'zwni. -n* *2ui5 unmifna'ciire xfi milmib 'rokl-. 
and in many other organic oxidations It u 
also u«ed in the two-bath process of chrome 
tanning The pelt is immersed first in lb« 
dichromate solution and then in a solution cf 
eodium thiosulphate acidified with HCI. 

AVhen mixed with organic substances it « 
reduced on exposure to light ; gelatine in sum 
circumstances is rendered insoluble. This 
action IS taken advantage of in the “ carhen 
process of photographic printing. The gclitiw 
IS mixed w ith a pigment of any colour, and IM I 
paper carrying this film is ecnsitiseJ by flostms I 
on a solution of potassium dichromate. On *i I 
posuro under a negative, the gelatine^ in th» | 
portions exposed to the light becomes insoluble, 
and retains tho pigment, while the portions pro- 
tected by the darker parts of the negative s'* 
almost unacted upon, and may bo dissolved » 
warm water. In this manner, photogrsplu w 
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any desired colour, and of great permanence, 
may bo produced. 

In the oil-procets gclatinc-coatcd paper may 
be sensitised 'with bichromate and exposed 
under a negativ’o and, after developing the 
print in ■water at 2.3°, it is pigmented ■with a 
suitable oil-ink, since the hardened gelatine 
has the property of fixing greasy inks. In 
the corresponding gum-bichromate process the 
paper is coated -n-ith a solution of gum arahic 
and bichromate. For the carbro process a 
bromide print is soaked in -vratcr and squeegeed 
into contact with the sensitive tissue of the 
carbon process. The silver grains of the print 
reduce the biohromated gelatine, rendering it 
insoluble, so that after separation of the tissue 
it may be developed in hot ■u'atcr. In the 
bromoil process a bromide print is bleached in 
a bichromate bath, whereby the gelatine of the 
silver imago becomes insoluble, fixed, ■washed, 
and the hardened gelatine pigmented by 
brushing on an oil-ink ns in the oil-process. 

SodiumChromates . — ^Thc normal chromate 
NajCrO^.IOHjO, and the dichromate 

NajCrj0„2H20, 

may bo prepared by methods similar to those 
already described under Chromates (j.u.), but 
without the details which now follow. Accord- 
ing to Nio. Walborg (Dingl. poly. J. 1880, 259, 
188), 0 parts of powdered chrome ore (44% 
CrjOj) were mixed with 3 parts of soda ash 
(02% NajCOj) and 3 parts of chalk, and heated 
in charges' of 1 ton in a reverboratoty furnace for 
8 hours. The mass is lixiviated to produce a 
solution of 45°15., boiled down to 52°B., and 
allowed to orj’stalliso in leaden pans. The 
crystals aro first dried by a centrifugal machine 
and finally heated to 30° in a drying chamber, 
where they crumble to a yellow, anhydrous 
powder containing about 90% of the normal 
chromate. 

I'or the production of dichromate, these 
crystals are dissolved to a solution of 40°B. 
and treated with sufiicient chamber acid to 
determine the conversion into the dichromatc, 
the right point being found by potassium iodide 
and starch paper. Suflieient neutral sodium 
chromate is then added to bring the percentage 
of CrOj to about 72-5. The liquor is cooled in 
lead tanks to 1°, and the sodium sulphate crystal- 
lised out. The liquor is drained off, filtered if 
necessary, and evaporated to drync.ss in an iron 
pot, with constant stirring. The residue is 
powdered while still hot. If the amount of CrOj 
bo allowed to exceed 72'5%, the product is damp 
and cannot ho stored in ■wooden casks. An 
analvsis of this substance showed CrO, 72-3, 
Najb 20-20, SOj 1-10. 

Modifications in the method of manufacture 
by Ulm (Chein.-Ztg. 1914, 38, 070; J.S.C.I. 
1914, 33, 017), consist in the use of caustic 
alkali in the place of alkali carbonate, and in 
the employment of only half the sodium 
rarl)onate requirtxl to decompose the ore, the 
remainder being replaced by sodium sulphate, 
formcKi in the hater stages of manufacture. 

Normal Sodium Chromate forms large, 
cfllorescent crj'stals of the composition 
NajCrO^.IOHjO, isomorphous with Glauber’s 


111 

salt. Unlike potassium chromate, it is less 
soluble than the dichromatc; it is, however, 
more soluble than potassium chromate, the 
saturated solution at 18° contains 40-10% 
Na,Cr04 (Mylius and Funk, Ber. 1897, 30, 
1718). 

Other hydrates -n-ith 6 and 4 mols. of HjO aro 
knoivn. Their transition temperatures have 
been suggested as convenient fixed points in 
thermometry (Richards and Kelley, J. Amer. 
Chem.Soc. 1911,33, 847). 

Sodium Dichromate, Na.CrjO,, 214,0. 
crystallises in thin, six-sided prisms of a fine 
hyacinth-red colour, and is very soluble in 
water, 100 parts of -water at 30° dissolving 
197-6 parts NajCr^O^ (Sohreinemakers, Z. 
physikol. Chem. 1906, 55, 91). It is hence 
more than 10 times ns soluble ns potassium 
dichromatc (18-12 parts), which it frequently 
replaces. (For a difference in properties, see 
Robinson et al., l.c.) 

Ammonium Chromate and Dichromate 
arc prepared by mixing in proper proportions 
solutions of ammonia and of chromic acid. The 
dichromatc, on heating, yields -n-ater and a 
mixture of equal volumes of nitrogen and 
nitrous oxide and leaves a residue of chromic 
oxide mixed with a higher oxide of chromium 
[ (Harbord and King, l.c.). 

Ammonium chromate may bo also manu- 
factured by treatment of sodium chromate 
solution with ammonia and saturating with 
carbon dioxide, whereby sodium bicarbonate is 
precipitated. 

Calcium Chromate, CaCr04,2H20, is 
largely produced in the manufacture of chrom- 
ates from chrome iron ore. The dihydratc 
exists in monoolinic o and rhombic p forms. 
The anhj’drous salt formed at 200° is less 
soluble at 100° (0-42 g.) than at 0° (4-31 g. in 
100 g. solution) (Mylius, Ber. 1900, 33, 3689). 

Barium Chromate, BaCrO^, is a canary- 
yellow powder, known ns Yclloxo Ultramarine or 
Lemon Yellow. It is produced by the addition 
of a chromate to a solution of a salt of barium. 

Barium chromate is insoluble in ■water and 
acetic acid, soluble in hydrochloric and nitric 
acids. On treatment with a boiling solution of 
cliromic nnhj'dridc, it dissolves, and crj’stal- 
lises on cooling ns a yellowish-rod powder con- 
sisting of the dichromate BaCr202,2H20. 

Both barium and calcium chromates have been 
employed as pigments, but are now little used 
on account of their lack of brightness and 
covering power. 

Lead Chromates. — The neutral lead chrom- 
ate PbCrO, is best produced by the action of a 
solution of lend acetate on a solution of a 
chromate. Thus produced, it is of a fine lemon- 
yellow colour, insoluble in water and dilute acids. 
At 25° the solubility of PbCrO^ in w-ater is 
5-Sx 10~* g./l. (I.^hibashi and Funnkoshi, 

J. Chem. Soc. Japan, 1936, 57, 1028). When 
heated at 250° it becomes reddish-brown, 
at a higher temperature it fuses, and finally 
evolves oxygen ■i>4th the formation of chromic 
sesquioxide and a b.asic lead chromate. On 
account of this evolution of o.xygcn the sub- 
stance is frequently used for combustions in 
organic analysis. 
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Lead chromate is eolnble in cold lime water or ; 
caustic alkali, but is not dissohed by hot lime 
water. For this reason, in immersmg calico 
coloured «ith chrome yellow m lime water, 
/or the production of an orange colour, care 
should be taken that the solution is hot. 

When heated with the calculated amounts of 
caustic alk&h part of the chromic acid may be 
removed, with the production of basic lead 
chromates of colour varying from orange to 
vernuLon. 

The nomcl chromate is largely used as a 
pigment, and for calico-pnnting, and u the 
essential consthaent of ranoua el|rcaje pig 
ments os chrome yellotc. Pane yeUov, and Leipsic 
ytllov. The name Cologne yellotc was onginatly 
given to chrome yellow containing a mixture of 
lead chromate and lead sulphate, but the latter 
compound is also present in most of the bright 
jellows known commercially as “genuine” 
chrome yellows. 

Chrome Yellows. — ^Thefinestchromeyellow 
IS produced by precipitation ; the lead acetate 
used should not be buic or the product will be 
of an orange colour; the solution should bo 
dilute, and the lead salt should be in excess, 
the presence of excess of chromate is bable to 
“ turn ” the yellow, t « to produce an oran^ 
tinge. The substances used should be technically 
pure. According to B P 416744, 1933, one 
method of manufacture from chromio acid 
consists in adding this acid to a suspension of 
lead oxide or carbonate in bydroQuorie, fluobonc, 
or fluosihcic acid, at a rate which la not greater 
than the velocity of reaction of the Utter acids 
with the lead compound Pure chrome yellow, 
PbCrO^, IS too expensive for most purpose^ 
is liable to darken m colour, and does not 
exhibit the required range of tones. A senes of 
“ genuine '' chrome yellows is uanufactured by 
suxing the precipitating chromate solution 
with an appropriate quantity of sulphuno acid, 
Glauber's salt, or alum, the Utter salt for 
Amencari ehrome-ytUov. The lead chromate 
IS thus precipitated together with any required 
amount of lead sulphsto as mixed crystals of 
PbCrOf and PbS 04 , the colour bemg paler as 
the proportion of lead sulphate is merest. A 
range of ” reduced chrome yellows ” is made by 
the admixture of baiytes, gypsum, kaolin, or 
whiting, which are ground with water and the 
suspension added to the precipitating tank prior 
to the reaction. As the customer requires 
chrome jellous, eg. primrose chrome, lemon 
chrome, and middle chrome, which for reasons 
of shade or price contain lead sulphate or fillers, 
these additions are not in general to be regarded 
as adulterants. Lemon Chrome A and Orange 
^romo B may contain from 23 to 90% barytes. 
The application to these chromes of the llome 
OfBce test for toxicity has been studied (Samuels, 
J. Oil Col. Chem. Amoc. 1938, 21. 177). The 
Bntish Standard specification for lead chromes 
for paints is 282/1927. 

.Milbaiier and Kohn (Z. pbysikaJ Chrm. 1916^ 
91, 410) show that the reaction 

PbSO«+ K,Cr04?iPbCr04+ KjSO* 
proceeds practically completely in the direction 
of left to nght. From determinations of the 


stability it is established that the solid phase 
PbSOj cannot exist in the presence of KjCrO^, 
K 4 SO 4 and PbCrO., and that the existence of 
double salts is unlikely. The strong adsorption 
tendered the determination of the mass'action 
curve difficult. Thegeneral results indicate that 
themanufaetureof chrome yellows can be carried 
otttfromleadsulphateand that various shadescan 
be obtained by varying conditions, temperature, 
concentration, and time. It foUows also that an 
excess of lead acetate should be used in the 
manufacture, since this will secure the absence of 
K 4 Cr 04 , which would otherwise rapidly con- 
vert the lead sulphate necessary for the par- 
ticular shade into chromate. 

Freshly precipitated PbCr 04 darkens in 
colour probably because of the change from an 
unstable rhombic into a stable monoclmio 
form. When lead sulphate is precipitated 
simultaneously with lead chromate tlie two 
salts form mixed monoclinic ciystals which do 
not darken during settling. The best conditions 
for precipitation were ascertained by ^Vagner 
and Keidel (Patben Ztg. 1926, 31. 1367) The 
monoclinic mixed crystals of PbCr 04 with 
PbS 04 . Ba& 04 , CaS 04 , or SrS 04 are said 
to be more resistant to light than the rhombic 
forma and the rhombic mixed erj-stals first 
precipitated may be converted into monoclinic 
by beating their aqueous suspensions (B P, 
403762) Precipitation from dJuto solutions 
with vigorous stirring produres finer particles 
and bngbter shades , while redder tones are 
obtained in hot solutions. Milbauer and 
Kohn found that the brightest chrome yellow 
was obtained by adding a solution of lead 
nitrate or acetate to a dilute scdution of 
potassium chromate and potassium sulphate 
(J. 8 .C.I. 1923, lOSA; Chem -Ztg. 1922, 46, 
1)45). They showed that the precipitate con- 
sisted of rhombic mixed crystals. These mixed 
crystals were shown to be solid solutions by 
X-ray examination (Lederlo, Rev. Brod. Chim. 
1937, 40, No. 9, 263). The monoebnic form is 
eaid to be superior to the rhombio in resisting 
bght (Wagner, Paint and Varnish Prod. 5Ian. 
1934, 10. No. 6 . 10). 

The method usually adopted for production 
of chrome yellow is the fallowing: The two 
precipitating solutions are prepared separately 
10 wooden tanks and heated by steam pipes. The 
solutions are either filtered or allowed to settle 
in the tanks and drawn off from above. They 
are run together mto the precipitating tank, 
which contains about 200 gallons. The chrome 
yellow IS allowed to deposit and the clear liquid 
drawn off, more water is added, the whole 
thoroughly stirred, and the process is repeated 
three or four times. The pigment is then 
pumped into a filter press and dned in drying 
rooms at SO’-SO*. 

Mutures of chrome yellows and Prussian blue 
form the Druntwxek meens, also known as 
chrome greens, although they are to bo dis- 
tinguish^ from the more expensive and 
permanent chromic oxide greens, also termed 
chroma greens. Tho Brunswick greens are 
largely used for ortlmary pamt work. Monastral 
Blue has been mixed with chrome yellow for 
green pigments, and the fiutaess Co light of such 
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miihircs 1ms been discussed by Amies and by 
Samuels (J. Oil Col. Chem. Assoc. 1938, 21, 
187). By the rcgulnteel action of hot nlkah's on 
chrome yellow a series of basic lead chromates 
is prodticed ranging in colour from orange 
chrome to chrome red. 

Orange Chrome . — A washed chromo yellow 
precipitate consisting of PbCrO^ and PbSO^ is 
treated at 80'’-90° while stirring with the 
calculated quantity of caustic soda solution 
until the reaction is completed. The product is 
washed, filtcr-pressod, and dried ns usual (Zerr 
and Biibcncamp, “ Farbonfabrikation,” 4th ed., 
Berlin, 1930) ; or the freshly precipitated lead 
chromate+Icad sulphate is boiled with milk of 
lime — with tho object of producing a basic 
chromate containing gypsum as a filler. In 
another process basic lead chloride is first 
prepared 83'' the action of hot sodium chloride 
solution on litharge, dichromato solution is then 
added which forms monochromnto with the 
caustic soda now present and this reacts with the 
basic lead salt. Orange chromes sometimes 
contain a colour lake precipitated on tho pigment 
to brighten tho shade. Holley (“ Analysis of 
Faint and Varnish Products,” p. 214, London 
and Now York, 1912) found 4-87% of organic 
colour in a pigment containing PbCrO^ 
40'5G%, PbO 47-24%, PbSO, 5-49%, which 
may bo compared with a light yellow chromo 
containing PbCr04 08-65%, PbSO^ 31-21%. 

Chrome Red is conveniontl3- manufactured by 
boiling white lead with a solution prepared from 
dichromato and caustic soda, tho washed product 
which has a dull appearance acquires a brilliant 
red colotir after treatment with dilute sulphuric 
acid, the pigment is then washed and dried ns 
usual. The pigment is not so generally useful 
as tho other lead chromes, for when finely 
ground tho shade changes from deep red towards 
orange yellow. It ran}- replace cinnabar in 
distemper painting, but settles out too readily 
if made into an oil paint. Tho synonyms of this 
pigment include tho names Derby red, Persian 
red, American vermilion, Victoria red, Chinese red. 

IVagner and Schirmcr (Z. anorg. Chem. 1935, 
222, 245) studied the products formed by- 
adding KOH to a lead salt and potassium 
chromate. With increasing KOH the orange 
red PbO-PbCrOj changes to a pure red 
substance of tho same composition and crystal- 
line form (tetragonal) but of different particle 
size. Tho final product was orange red, not 
uniform, and appeared to contain yellow PbO. 

Holley (l.c. 220) found in a light American ver- 
milion, PbCrO^ 50-10%, PbO 41-20%, PbSO, 
C-15%; in a deep American vermilion PbCrO. 
53-60%, PbO 40-88%, PbSO^ 4-97%. It may 
l>e noted that PbO-PbCrO, contains PbO 
40-85%, PbCr04 59-15%. For rust prevention, 
a priming coat of a basic lead chromate paint 
(which may have an addition of zinc chromate) 
has given excellent results on properly prepared 
stnictnral iron and steel work. Chromo yellow 
paints darken when exposed to tho air of 
loans and arc also liable to be darkened by- 
strong sunlight ouing to tho reducing action of 
the oil meeiium on the chromate (Palmer, 
•I. Oil Col. Chem. Assoc. 1925, 8, 90). Rcddy 
(Onicial Digest, 1934, No. 130, 328) has com- 

VoL, 111.— S 


113 

pared the different types of lead chromes and 
zinc chromes as regards grinding, hiding power, 
paint media, anti- corrosive action, etc. The 
importance of tho yellow and orange chrome 
pigments is shown by the output in the U.S.A. 
which in 1935 amounted to 39 million lb. 

Scarlet Chromes is tlio descriptive name given 
to a series of pigments consisting of mixed 
crystals of chromate, sulphate, and molybdate 
of lead (J. Oil Col. Chem. Assoc. 1938, 174). 

The lead chromates all possess good covering 
power and brightness of colour ; they are 
durable, but blacken under the action of sul- 
phuretted hydrogen. They mix well with other 
pigments, but should not bo used with ultra- 
marine, lithopono or other sulphide pigments. 

Bismuth Chromates. — The addition of 
potassium dichromate to a neutral solution of 
bismuth nitrate gives a yellow flocculent pre- 
cipitate, Bi203,2Cr03, soluble in acids 
(Lowe). On heating, it becomes partly decom- 
posed and turns greenish. K2Cr04 and 
solution of bismuth nitrate, the precipitate 
formed consists of 3Bi203,2Cr03 (TaSwo, 1856), 
and is quite insoluble in water. Bismuth 
chromate is used ns a pigment (c/. Cox, Z. 
nnorg. Chem. 1906, 50, 226). 

Zinc Chromate, Zinc Yellow, or Butter- 
cup Yellow, ZnCr04, is a beautiful yellow 
pigment, produced by the addition of hot 
neutral solution of zinc sulphate to potassium 
chromate, or by adding n cream of zinc oxide 
in water to a boiling solution of potassium 
dichromate. It is slightly soluble in water and 
readily so in nearly all acids, in ammonia, and 
in caustic soda. 

Zinc chromate can be obtained in various 
tints and has a good colour. Though not equal 
to chrome yellow in covering power or body, it 
has tho advantage of not blackening by contact 
with sulphides. It is used for mixing with 
Prussian blue to form tho zino greens, w-hich are 
faster to light than tho corresponding Brunswick 
greens. The British Standard specification for 
zino chromes for paints is 389/1929. 

Samples of commercial zino yellow analy-sed 
by- Fox, Elfis, and Hirst (J. Oil Col. Chem. 
Assoc. 1928, 11, 195 ; c/. ibid. 198) showed an 
average content of ZnO, 42-5% ; Cr03, 

38-4% ; theory for ZnCr04, ZnO 44-9%. 
Cr03 55-1%. Tho samples contained alkali, 
up to 11-1% KjO, in another sample 7-0% 
NUjO ; and combined water up to 8-2%. 
Zino chromate purchased from chemical supply 
firms had a similar composition and in one 
case contained ammonia equivalent to 10-1% 
(NH4)20. Tho potassium zino chromo above 
mentioned gave 15-1% water-soluble (arbitrary 
method in B.S.S. 254/1926), and the sodium zinc 
chromo 42-6%. In the discussion (l.c. 200), 
tho change of colour in zinc chromate on keeping 
as a standard in a sealed bottle was mentioned, 
and also tho loss on washing the pigment which 
could reach 50 to 60%. Brizzolaria et al. (Ind 
Eng. Chem. 1937, 29, 656) represent tho com- 
position by the formula 

Kj0,4Zn0,4Cr03,3H,0. 

Britton and Evans (J.S.C.I. 1936, 65, 337T), 
reporting on seven years’ exposure of protcc- 
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tire painting on stoel. foand zinc chromate 
priming paint rery good, althongb not quite 
equal to red lead. 

Bngga (J.G S. 1920, 242) confirmed the exUt- 
eOK of normal zinc chromate and prepared the 
folloimg CTjstaUme chromate# : 

9ZrO,.5CrO,.t2H,0. 

3AI,0,.2Cr0,,6H,0, 

2Fe,0,.4Cr0,,H,0, 

SSbOfCrO,. 

Perchromic Acid. — Onaddmg hydrogen per- 
oxide to r.n aqueous solution of chromic and. or 
to an aqueous solution of a chromate acidified 
with sulphuric acid, a deep blue coloration is 
produced, which on shaking the solution with 
ether passes into that Lquid 
The reaction is a dehcate test for CrOj or 
H|0|. The blue perchromic acid u extremely 
unstable, erolrcs oejgen and is gradually 
transformed into chramic acid Alrohobc 
alkalies react with the ethereal solution forming 
salts of blue perchromic acid, eg KjCr^O,^ 
2H,O.TI,Cr,0„ (Schwarz et al . Bcr. 1933. 
68, [U], 210) The pyndine compound, howexer, 
is (CjHjN)CrO, {ibid 65, 871) Red per- 
chromates, b^fCr.On. are formed by the 
interaction of alkaline chromate solutions and 
hj'drogen peroxide below (f. and the free acid is 
similarly formed from freshly precipitated 
chronuo hjiirate ^klien aeidifi«] toe solutions 
exoUe oxygen and blue perchromic acid is 
formed, aehwan and Elstner (Ber 1936. 69, 
[B}, &7S) found the etberate CrOj.MejO to be 
the product when CrOj reacted with concen- 
trate HtO, m Me.O at low temperatures, 
this explodes already at —30^. The thud 
senes of perchromates, the brown salt#, oo- 
otdinatioa compounds of the ouda CrO*. 
include percbromatcamBiine, CrO^.SNHj. 
formed when H,0} acta on an ammomacal 
solutionofammoruumchromate The blue salts 
were formerly considered to be MCrO, H,0, 
(Wiede, 1697-1899), but the analyses of 
Schwarz appear to establish the fonnulu 
quoted abore. 

Esters of Chromic Acid hare been prepared 
by \\)cnhau3 (Ber. 1914, 47, 332) by shaking a 
tertiary alcohol, dissolred in light petroleum or 
carbon tetrachloride, with an ezeeas of aolid 
chromium tnoxide The esU-r remains dissolred 
or suspended in the aolrcnt, from which it can 
be obtained by eraporation. 

i 

CHROJfAililONnUil COMPOUNDS AND 

DERIVATIVES. ' 

Salts of chromium readily combine with 
ammonia or substituted ammonias, to form 
complex compounds in which the chromium 
atom may be tombuicd with 6 mola. of ammonia, 
as. forexample, inhezamminechromtum chloride 
{Cr(NH))4]Clj The ammonia may be sub. 
stituted by acid groups, the ralency and 
character ofthe complex radical being determined 
by the acid and Lasio radicals in the molecule. 

R Du> a] has contnhuted a rsluable study of 
the complex compounds of chromium to Pasears 
"Traite do CLiniie Minfrale,” tol. x, pp. 1005 


1094. with bihLography, pp 10{M*1093, Paris, 
1933. Dural considered that the 3,000 complex 
chromium compounds then known are cla.<isified 
in hia contribution. Prominent authors in the 
bibliography are Werner, Pfeiffer, Weinland, and 
Jorgensen and the following general treatises 
hare been published : 

IVemer, "Nenere Anschauungen auf dem 
Gebiete der anorganischen Chenue." 

Urbain and S^n^cbal, “Introduction h la 
clufflie des complexes.” 

WeiiJsnd, “Einfuhrung in die Chemic der 
Komplcx-Verbindnngen,” F. Enke, Stuttgart, 
1924, 

Pfeiffer, “OrganischeMolekul Verbindungen.” 

Hexammlne Chromium Salts (luteo salts), 
eg. the nitrate, [Cr(NH,)4](NOj)j. are pre- 
pared by treating the corresponding purputeo 
salts with ammonia m cold, concentrated 
solution (Jorgensen, J. pr. Chem. 1832. (2), 23, 
229; iliUs. PhiJ. Jlsg. (4). 35, 245). 

Pentammlne Chromium Salts (purpureo 
salts) — JCrgensen (J. pr. Chem 1879,(21.20, 
105) prepaid the chloride [CrCI(NH4)4lCI}hy 
reduemg violet chromic chloride in a stream of 
pure, dry hydrogen at a red heat, and adding to 
the chromous cUonde a solution of NH|CI in 
strong ammonia. Air was passed through, KCt 
added, and the mixture boded, when a carmine- 
colour^ powder precipitated. It crystallised in 
octabedra, sp gr. 1 667, dissolved in 154 parts of 
water at 18°, and its analysis corresponded to 
the formula CI,Cr,(NHj)i4Cl4 Jergensen 
found that only 4 atoms of chlorine are pre- 
cipitated by sJver nitrate, which confirms 
Remer’s formula given above. 

Triammine Chromium Salts —These com- 
pounds have been investigated by Werner (Bcr. 
1910, 43, 2286), w ho employed triamsune chrom- 
ium tetrozide in their preparation. To a well- 
cooled solution of 30 g. of chromic acid in 3CO 
c.e. of water are added 300 cc. of pyridine. 
After renuiinlng half an hour m a freezing 
mixture, 750 c c. 3% arc added. The 

precipitated pyndine perAromate is collected, 
washed, and added to 90 c.e. of well cooled 25% 
ammonia. Theprccipitated tnamminechroimum 
tetroxide CrOj.BNHj u collected after lOmm- 
ute# and washed with water, alcohol, and ether. 

Trlchlorotrlammlne Chromium, 
Cr(NH4),CI,. 

results when tnamminc.ehromium tetroxide is 
addeii to cold, concentrated hydrochloric acid. 
A blush grey precipitate is formed, and the 
filtrate from this deposits the compound after 
standing 2 days, in dark blue crystals with a 
greenish tinge. Truquotnammine-ehromiura 
chlonde, (Cr(OH,),(NH4),lCI,. is obUmed 
by treating I g. of the dichloroaquotnammino 
chromium chloride (contained in the grey 
precipitate above mentioned) with 8 c.o. of 
water coiered with 5 cc. of pyridine. The 
resulting solution is filtered, and the hydroxo- 
iodido precipitated by the addition of soLd 
potaasium iodide. The chlonde is obtained 
from this by tnturating with bydrochlonc acid. 
It forms brownish-red hygroscopic crystals. 
The eorresponding bromine compounds have 
been prepared. 
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Chromi-nqiio-lrinmmincs have been prepared : 
fCr(NH3)3CljH20]CI,— bine, 

[Cr(N 113)301 (H,0),]Cl2,— reddish-violet, 
[Cr(NH3)3(H20)3]Cl3,-rcd. 

In solution the mono- compound passes into the 
di- and the di- into the tri-aquotriammino 
eliromitricliiorido (I'rowein, Z. anorg. Chem. 
1020, 110, 107-221). 

.qelilcoingcr and IVomer (J. Amcr. Chem. Soc. 
1020, 51, '.'1520) state that chloropcntammine- 
rliromic chloride is converted into insoluble 
chromium trichlorotriamminc, Cr(N 113)3013, by 
healing at 270° in hydrogen chloride until the 
salt turns from pale red to green. This sub- 
stance reacts slowly with liquid ammonia to 
yield the original pentammine ; it is possibly a 
jiolynuclcar compound and its properties are 
quite different from those of the substance of 
the same composition described by Werner 
(J.C.S. 1010, 08, fii], OGO). If it is heated at 175° 
in hydrogen cldoridc, hygroscopic crystalline 
ammonium chromic he.\nchloridc, 
(NHjjrCrCI,], 

is produced ; this substance reacts rapidly with 
gaseous ammonia with production of the 
original pentammine. If tlio triamminc salt is 
liealcd at 270’ in hydrogen chloride a salt having 
tlic composition SCrClj.SNHjCI is formed, 
and is further slowly decomposed to anhydrous 
chromic chloride. 

Relneckc's Salt, fCrlNHAjfSCNlJNH^, 
tctral hiocyanatodiaraminochromiammonium 
(.■\nnnlcn, 1803, 128, 113 ; Z. anorg. Chem. 1893, 
1, 13.5). To three parts of NH^SCN in in- 
cipient fusion, one part of is 

added in small portions. The red' m’ass is 
washed thoroughly with cold water and ro- 
ciyslalliscd from water or alcohol. Its solution 
giacs preci])itatC3 with the heavy metals and 
organic ba'c.s, alkaloids yielding characteristic 
crystalline compounds — rcincckaics (Kosenthalcr, 
Arch. Pliarin. 1927, 265, 319. For a modem 
Iireparalion r. Dakin, Org. Syntheses, 1935, 15, 
71). 

Chromic Oxnintes. — There is an extensive 
literature of these compounds, their double 
rails and isomeridcs (Beilsfein, 4th cd. ii, 522, 
523, Erg. II, 220, 227). Special interest attaches 
to the blue pota.ssium trioxalatochromiato or 
flrcgory's salt, K3[Cr(C;Oi)3],3HjO, which 
,\. Wemer re.solvcd into d- and i- forms by 
cry.stallising the strj’chinc salt (Her. 1912, 45, 
3001). The active isomers possess very high 
specific rotation and rotation dispersion, 
.larger (Ilec. trav. chira. 1919, 38, 171, “ Optical 
Actixilv," Xew York, 1930) found for the /-salt, 
[a] for A 4710, -4SG’; A 5,700, 0’ ; A 5S00,-f 
515\ Potassium dioxalatodiaquochromiate or 
Croft's ml salt. Irons- K[Cr(Cj0,);(H,0)j). 
3H;0 is obtained from hot very concentrated 
solutions of K.Cr.Oj and C.H.Oj. The cis 
i'omeride is prepared by raoi'-toning a mixture 
of the powdeml substances. With aqueous N Hj 
flu- CIS- salts become green, whilst trnns- salts 
turn brown (.5. Wcnicr (t ah, Annalcn, 1914, 
400. 201). 

For Detection and Estimation of Chromium, 

f'r C'lKMlr.M, .\XAI.YSIS. 

G. S. B. and J. X. G. 


CHROMOFORM is an orange-red crystal- 
line powder formed by the union of methyl 
dichromate and hexamethylenetetramine. 
Sb'ghtly soluble in alcohol andcoldavater ; readily 
soluble in hot water. The aqueous solution on 
boiUng, or by treatment with acids or alkalis, 
evolves formaldehyde. 

CHROMOGEN AND CHROMO- 
PHORE V. COLOUB AND Chemic-xi. Constitu- 
TIOK. 

CHROMONE, or benzo-y-pyrone : 

O 

,-^^^,CH 

11 

3CH 


CO 

is obtained by the action of sulphuric acid on 
phcno.xyfumaric acid (I), whereby benzo-y- 
pyrone-2-carboxybc acid (II) is produced. This, 
when heated in vacuo, yields benzo-y-pyrono 
(Rubemann and Stapleton, J.C.". 1900, 77, 1179; 
Gomberg and Cone, Annalcn, 1910, 376, 228). 

O 

^CCOjH 



PhOC-CO,H 

II 

HOjCCH 



CH 


Chromone crystallises in colourless needles, 
m.p. 59°, and its yellow solution in cold sulphuric 
acid possesses a blue fluorescence. 

CHROMOTROPE or CHROMO- 
TROPIC ACID. l:8-Dihydroxynaphth.ilcne- 
3:0-djsulphonic acid. 

CHRYSANILINE v. Acridine Dyestciks. 

CHRYSANTHEMIN. A monoglucoside 
of cyanidin (q.v.) isolated from the deep red 
flowers of Chrysanthemum indiciim Linn, by 
Willstattcr and Bolton (Annalcn, 1910, 412, 
136). The chloride CjjHjjOjiCI-lIHjO sepp- 
rated in red-violet leaflets. Hydroly.sis of chrj's- 
antherain yielded cyanidin (1 mol.) and gluco.'e 
(1 mol.). The piernte, difficultly soluble in water, 
sintered at 1G5° (dccomp.). In its colour re- 
actions — blue-violet with sodium caiboimte, 
pure blue with caustic soda, xiolet-red with 
.sodium acetate, and purple with ferric chloride — 
and its high monogl3xosidio distribution betwicn 
nmjd alcohol and aqueous acid, it closrh- re- 
sembles ojfcrin (Willstattcr and Bolton, Annalcn, 
1910, 412, 1149) from the purple-red aster, with 
which Robinson and Willstattcr (Bcr. 192S, 61. 
2503) hax'c shown it to be identical. That the 
differences in ciystallinc form and solubility 
between these pigments are due to ^ilght 
impurities is suggested by Murakami, Uobett- 
son and Robin.son (.I.C..S. 1931, 2005) who 
have FX'nthcsised 3-5-glucosidox\-.5:7;3':4'-tetra- 
b.vdro.xyfiavylium chloride 
Cl 

O OH 

\c ( OOH 

i' / 

/'"CO CgHj.O. 

HO CH 
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&nd shown th&t it is identical with the cblotide of i 
chiysantbemin and of asterin and with the 
product of partial h^drolrsla of the cyanidin 
3*djclucoside, ineLocyaam fWillsLfitter and 
Wed, Annalen, 1916, 412. 231) Chn'aanthemm 
chloride is the second of the remarkable series 
of anthocyan glueosides which have now been 
synthesis^ by Bobinson and his collaborators 
(«« CaLtlSTETHTS). 

Chrysonthtbemin closely resembles the 
corresponding cyanidin 3 galactoside, tdaein, 
from cranberries both in colour reactions and 
absorption curves, but differs from it m dislnbn- 
tion number (Grove and Robinson, J.CS. 
1931, 2723). 

Pigments identical with chiysanthemin have 
been isolated from mulberry fnut by Yamamoto 
(J. Agnc. Chem. Soc. Japan, 1934, 10, 1(M6). 
from the seed coat of Glycine Spja Benth. , 
(“ Kuromame ”) by Chika Knroda and Mizn 
iVada (Proo. Imp. Acad. Tokyo, 1935, II, 189) 
and from purple-husked maize by Sando, 
Jtilner and Sherman (J. Biol. Chem. 1935, t09. 
203). In the last case its occurrence together 
with a 3 glueoside of the closely related flavonol 
rioercetin is ouoted in support of the theory of 
flavonoli as the preennots of the anthocyanine 
It must be noted, however, that cyarudm and 
quercetin glycosides are the most commonly 
occumngtypcsofanthocyanin andaothoxanttun 
found in nature, so that their occurrence 
together need not be sigmlicant. 

B. and G M. Robinson have identified antho- 
c) aiuna isomenc or identical with chiysanthemin 
in a great number of other fiowers and trait by 
means of their quabtative testa (Biocbem. J. 
1031. 25, 1637; 1932, 26, 1647, 1934. 28, 
1712). 

Genetical investigations with the Chinese 
aster by IVit (Dissertation, Grdningen, 1936) 
(how that while pigmentation by cyarudm 
monoglucoside is sometimes recessive to that 
by the corresponding 3 5-diglucoside of cyaoidin. 
the cyarudm type of pigmentation is dominant 
to the pciargonidin type and recessive to the 
delphinidui type, tbepr^uction of the differently 
oxidised anthoC3'anin8 probably depending upon 
the action of multiple allelomorphic genes 
(«e Anthocyass). 

It. S.-M. 

CHRYSAROBIN (B.P., U.S.P.) is a yeUow 
crystalline mixture of substances obtained from 
Araroba or Goa potrder. The latter vanes m 
colour from pnmrose-yellow to bronze and 
purple, and collects, possibly as the result of 
oxidation of the resin, in the cavities of the 
stems and branches of .dndira Araroba Aguiar 
(Fam. LeguminosA), a tree inhabiting the forests 
of Bahia (Aguiar, Pharm. J. 1880 [luj. 10. 
42; tj Greenish, tW. 814). The drug wim 
formerly exported by the Portuguese from Goa, 
but Its origin for a long time remained secret. 
Goa powder u usually mixed with woody frag- 
ments from which it is freed by sifting; it » 
sometimes termed crude chrysarobin By 
extraction of Goa powder with organic solvents 
(benzene, chloroform) there is left behind on 
evaporation a yellow crystaUmo powder, intro- 
duced in 1875 by a Bombay firm under the 
name Ckrytarobtn, which has since been included i 


undee tbU name in the British and United fitates 
Pharmacopceias, and is used m skin affections. 

Chryaarohin was originally thought to be a 
pnre, or nearly pure, substance; m reality it 
IS a complex mixture, consisting chlefiy of 
reduced di- and tri-hydroxymethylanthraquin- 
ones, which crystallise together and are difficult 
to separate by purely physical means (e/. Hesse, 
Aim^en. 1899, 309, 63). Later the name 
ehrysarobm wa« applied to one of the pure 
constituents, but jt is better to reserve this 
name for the commercial mixture. Tutin 
and Clewer (J.CB. 1912, 101, 290) found the 
following percentage composition for three 
aamples of commercial chrysarobin : 

1. Chiysophanic acid 7 

(»chiy 80 phanol)t . ^G3 7-2 8 9 

2. EmodinmonomethylethertJ 

3. Emadm . .... trace rul nil 

4 . Crude anlhranol of ehryso- 

phanic acid ... 26 46 62 

5. Anlhranol of emodin mono- 

methyl ether . . small amonnts 

6. Monomethyl ether of de- 

hydroemodinanthranol 411 13 4 17-7 
7- Ararobmol . . . 4 2 4 1 nil 

8. Inseparable mixture of 
partly amorphous sub- 
stances 23 30 12 

t About 3 or I parts of the former to 1 of the tatter 
Of these No 1 is a metbyldihydroxyantbrs- 
quiDone, No. 3 i* a metbyltnbydroxyanthra. 
qtunone. Nos. 4 and 6 miilt from Nos 1 and 2 
reepeclively, by reduction ; they are derivatives 
of antbranol (9 hydroxyanthracene). No 6 u a 
less strongly reduced anthraqumooe No. 7, of 
unknown constitution, is also an anthraqumono 
derivative, related to No. 1. 

Chrysopkanic aetd anthranol, CdHjiOji has 
the constitution 

,C(OH)\ 

C,H,(OH)< I >C,H.(OH)CH, 
\CH— / 

and was called chrysarobin by Jowett and 
Potter (JC.S. 1902, 81. 1578). It is obtained 
from commercial chrysarobin by extraction with 
light petroleum; by shaking its eWoiofoim 
solution with Bodium carbonate traces of 
emodin are removed, and after evaporation 
of the chloroform the residue is crystallised from 
much ethyl acetate, when it forms lemon- 
yellow scales, m p. 202® (corr.) (regenerated 
from its acetyl denvative the aubstanco melts 
at 204®). It » insoluble in sodium carbonate, 
soluble in caustic alkalis to a yellow solution, 
which becomes red by passing air through it, 
whereby it u oxidised to chn sophanic acid. The 
change » complete in 2 hours, as shown by 
measurement of the oxygen absorbed (Tutin and 
Clewer. I e.). The rei erse change is brought about 
by hydnodic acid at 130®-140®. Cho»ophanic 
acid antbranol dissolves in sulphuric acid with a 
yellow colour; it forma a diacetyl comjpound 
ChHjjO.Ac,. m p. 193®, and a tnacctyl com- 
pound C^^HfO^Ac,. m.p. 238®. 

The anikranol of tmodin mortometfiyl tiker 
was not isolated by Tutin and Clewer as such, 
but its presence was inferred from serial oiida- 
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tion experiments, which converted it into emodin 
monomethyl ether. 

Tlio monomethyl ether of dehydroemodxn- 
anthranol, CigHijOj, is characteristic of chrysa- 
rohin. According to Eder {v. infra), its con- 
stitution is most probably : 


HO C OH 



Tutin and Glower converted it by boiling 
hydriodio acid into emodin anthranol, a sub- 
stanco containing n methyl group less and 2 
hydrogen atoms more ; by oxidation with 
chromio acid they converted it into emodin 
mcthj'l ether. 

Of the substances 1-0 chrysophanic acid had 
also been found by Attfield, its anthranol by 
Jowett and Potter, and emodin monomethylether 
by Ocstcrlo and Johann (Arch. Pharm. 1910, 
248, 470), but this was the full extent of the 
agreement among the various investigators of 
chr}’Barobin until Eder (Arch. Pharm. 1915, 
253, 1 ; 1910, 254, 1) confirmed all the principal 
results of Tutin and Glower. Ho oxidised the 
commercial substance with air in alkaline solu- 
tion, and considers that hydrogen peroxide is 
formed in this reaction, and is responsible for 
further changes. Ho thus obtained the following 
percentages : emodin 0-2, emodin mothylether 
9'3, chrj’sophanio acid 22-7, dehydro-emodin 
anthranol monomethyl ether 18 (=chrj’8arobol 
of Hesse 1), amorphous products 20. It should 
bo remembered that most of the chrj’sophanio 
acid and some of the emodin methyl ether were 
originally present ns anthranols. In his second 
paper, Eder acetylatcd and benzoylatcd chrysa- 
robin and obtained by subsequent hydrolysis 
up to 14% of chrysophanic acid anthranol, 
up to 9% of emodin anthranol monomethyd 
ether, and up to 4% of emodin monomethyl 
ether, but no chrysophanio acid. The chief 
discrepancy is that Eder did not find the last 
of Tulin and Glower's substances, ararobinol. 
This, acconling to the latter authors, has the 
composition CjjHjgOj, and forms yellow cry- 
stals, decomposing without melting at about 
225°. It dissolves in alkali with a yellow 
colour, but, like the methyl other of dehydro- 
emodin anthranol, and unlike chrysophanio acid 
anthranol, it is not readily oxidised by air. 
It gives a delicate and charactcristio reaction 
vith sulphuric acid; a mere trace forms an 
orange solution, which on gentle agitation gives 
intense blue streaks ; the solution then becomes 
green, and finally dull grey. Ararobinol gives a 
triacetyl derivative (dceomp. at 225°), is reduced 
by hydriodic acid to dehydroararobinol, and 
oxidised, but not quantitatively, by chromic 
acid to chrysophanic acid. 

Chrysarobin i» occasonally employed inter- 
nally ns a purgative. Probably its chief con- 
stituent, chrysophanic acid anthranol, docs not 
exert a purgative action until it has been 
oxidised in the alimentary' canal (to chryso- 
phanic acid), ns is the c.ase with nloln (.Meyer 
and Gottlieb, “Expcrimcntello Pharmakologie,” 


Berlin and Vienna, 1933, p. 240). The chief use 
of chrysarobin is, however, as an ointment in 
skin diseases (psoriasis), and the active con- 
stituent appears to bo the anthranol of chryso- 
phanic acid. According to Unna’s experiments 
(Baudisch, Ber. 1916, 49, 179), the only active 
synthetic substitutes are the anthranols of 
l-hydroxy- and of 1 :8-dihydroxy-anthra- 
quinone. The latter, cignoUn, 


HO HO HO 



is more active in psoriasis than the anthranol of 
chrysophanio acid (chrysarobin), because it has 
not the dystherapeutic methyl group. 

Baudisch explains the effect of the 1:8- 
hydroxyls in accordance with Pfeiffer’s views by 
the formula : 


H H 



“ Dermol ” is prepared by precipitating a 
bismuth nitrate solution by a solution of 
chrysophanio acid in sodium hydroxide, 
“ Anthrarobin ” is the anthranol of alizarin. 

The different methods of extraction cause 
considerable variation in the composition of 
commercial chry’sarobin and in its phy’siological 
action (Pharm. J. 1911, [iv], 87, 630). Hence 
Tutin and Glower consider it fallacious to ask 
for compliance with exact requirements. (The 
United States Pharmacopoeia states that 
1 g. of chrysarobin dissolves in 385 c.c. of 
alcohol, 13 c.c. of chloroform, 160 c.c. of ether, 
30 c.c. of benzene, and 180 c.c. of carbon bisul- 
phide at 25°.) Pure chrysarobin dissolves in 
concentrated sulphuric acid with a yellow 
colour, and is insoluble in dilute sodium 
hydroxide ; concentrated sodium hydroxide dis- 
solves it with a green colour. Ghrj’sophanic acid, 
on the other hand, yields a red solution with 
concentrated sulphuric acid and dilute sodium 
hydroxide (Liebermann and Seidler, Ber. 1878, 
11, 1603). Another method to distinguish 
chrysarobin from chrysophanic acid is to mix 
0-05 g. with 0-2-0'3 g. sodium peroxide in a 
porcelain capsule, add 5 c.c. of alcohol, and 
after 5 minutes 15 c.c. of water. Chrysarobin 
yields a xvine-lecs colour, not destroyed by 
dilution with water, changing to yellow* on the 
addition of acetic acid ; chrysophanio acid 
yields a cheny'-red colour, becoming brighter on 
dilution (Piucrua-Alvarez, Ann. Chim. Analyt. 
1907, 12, 9). 

G. B. 

CHRYSAXROPIC ACID. Methoxv 
derivative of resculetin (6:7-dihvdroxycoumarin). 

CHRYSAZIN V . Auz.\iux and Allied 
Dvestcffs. 
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CHRYSENE. C„Hi^ or 

The highest boiling fractions of coal tar are the 
nchest source of chrysene (for typical treatments 
of pitch, see C. Zcrbe and F. Eckert, Brennstoff. 
Chcm. 1034. 15. 28; J. W. Cook and a L. 
Hewett, J C.S. 1033, 305), although it occurs in 
tars from many natural products. It is formed 
by simple distillation of some natural fata, oila 
and resins, and by drastic dehydrogenation of 
many natural compounds possessing a related 
ting structure, e g cholic seid (L. Rnucka and 
co-workers, Helv. Chim Acta, 1034. 17, 200), 
toad poisons (H. W island and O. Hesse, 
Annalen, 1035, 517. 22). folhcnlar hormone 
(A. Butenandi and H. Tompson, Ber. 1934. 
67, [BJ 140], Chrysene arises also as a result 
of pjToIjtic treatment of many simpler com- 
]>ounds. t g phenol (A Hagemann, Z angew 
Chcm. 1929, 42. 35S), tctrabn (N. A. Orloff and 
N. D. Lichatsehew, Ber. 1930, 63, (Bj, 2179), 
natural gaa (S. F. Birch and E. N. Hague, Ind. 
Eng. CLem. 1934, 26, 1003). The action 
of caustic potash at 300°-310^ on indene yields a 
little chrysene (R Weissgerber and C Seidler, 
Ber. 1927, 60, [11], 2088), and considerable yields 
are obtained from the same starting material by 
cataivtic dehydrogenation over oxide and 
sulphide catalysts (BE. 409837), a similar 
expansion of an unsubstituted five membered 
ring hating been observed in the dsbydrogena 
tion of perhydrollaarcoe to chrvMne over 
platinum catalyst (N. Otiow and M. Belopobky, 
Ber 1929. 62, (I)], 122C). 

The need for synthetic approaches to con- 
den<ed cyclic systems of the steroloid type has 
resulted in the elaboration of several syntheses 
of chrysene and near derivatives. Thus cyclo- 
hexanone and ^ (1 naphthyl) ethyl magnesium 
bromide yield a tertiary alcohol which u 
eyebsed to a by dxochry sene and then dehydro- 
genated with selenium (J W. Cook and O L. 
Hewett, JCS 1933,1098, 1934, 3GS) Vans 
tions u^ing ^'-cyclohexenyl magnesium brom 
iiie (J W Cook and A. Dansi, J C S. 1935. 500) 
or j8 phenyl ethyl magnesium bromide (L. 
Ruitcka and II. lio'li, llelv. Chioi. Acta. 1934, 
17, 470) with o-tetralone base also been cfTrcled 
Again, an amorphous tetrahydrachrysene ba<i 
been synthesiHwl by eyclismg fi (2 phenanthryl) 
propionic acid and reducing the resulting kelo- 
lctrahydrocbry«onc by the Aemmensen method 
(It. D. Haworth and C R. Havm, J.C.S .933, 
1012). A third regent aynthesis of the chrysene 
ring SI stem due to J von Braun and G. Irmiscb 
(Ber. 1931, 64, 2461) and extended by R Rohin- 
son and G Ramage (Nature, 1933. 131. 205; 
J.C S 1 933, C07) consists es-scntially in a double 
cyclisation of diphenyl adipic acid or its 
ciiloride to a mixture of isomrnc diketohexa- 
hyilrochry senes 

Rcmoial of other hydrocarbons from the 
chriwne fraction of coal tar with carlwn 
di»ul|liiilc followi-d by further purification by 
uMial means y iclds chry'sene which is pcrsi'tentli 
contanunatnl with a yellow impurity Tcsv^tuig 
ec|<.ara(ion by crystalliutlon, but which nisy lie' 


lemoTCd by oxidising agents, e g perchloric acid 
(K. A. HoSmann. Ber. 1910, 43, 10S6), nitric 
acid and alcohol (Liebermann. Annalen, 
IS71, 458, 299 ; eee olio Schmidt, J. pr. Chcm. 
1874. JuJ, 9, 230, 270). Other methods recora- 
meod^ for the purification of chrysene are 
sepantioa through the characteristic 2 7- 
dmitroanthraqumone complex (Schmidt, tc) 
and combination of the impurity with maleic 
anhydnde (E. Clar and L. Lombainii, Ber. 1932, 
65. [B], 1411) For small quantities the method 
of chromatographic adsorption (c CitESiicAL 
Analysis, Vol II, p 628) is suitable, A. M'lnter- 
atein and co workers hatmg identified the 
impurity {see also Chrssocen) as nsphthaccne 
(Naturwiss. 1934, 22, 237, 7.. physiol. Chein. 
1934, 230. 146, 158). 

Pure chrysene forms colourless rhombic plates 
imp 230*, bp 448®, which exhibit in the solid 
I state or in solution a red iiolet fluorescence 
I It IS best characterised by the 2 7-dinitro 
I antbraquinone complex (Schmidt. / e . Haworth 
. and 3iavin, / c ). For a colour reaction of 
chrysene, see Ditz (Chcm Ztg. 1907. 31. 445) 

Substitution products of chrysene are obtain 
able by classical methods but are of little 
immediate importance K Funko and J 
Riatie hate recently determined the orientation 
of a number of chrysene deriiatnes by con 
version to known carboxylic acids (J pr Cliem. 
1036, (u 1,146, 151) The direct introduction of a 
carboxyl group by treatment with oxalyl 
chloride at 160®-1?0* >s noteworthy (Liebermann 
and Zsuffa. Ber. 1011, 44, 207. Weitzenboik 
and Lieb. Monatsh 1912, 33, 651} as is aUu 
ebrysoqumone, an o quioonc obtainable by 
chromic acid oxidation of the hydrocarbon. 

I Hydrogenation products are also of interest, but 
I complete agreement on the constitution of 
'products of catalytic hydrogenation of chrysene 
lias not yet been reached (J \on Braun ond 
G. Imusch, Ber. 1932, 65, 883, A Spiiker, 
Angew Cbero. 1935, 48,'368). A mixture of 
inaphthelenc and its hydrides results from 
j pyrolytic decomposition of chrysene in presence 
lof hydrogen oxer feme chloride at 440® (N. 
lOrlow and N. Lichatsehew, Ber. 1929. 62, [BJ, 
719. 1378) 

Chry^no has not yet found extensive indiis 
trial use.allhough patents hate been secured fcie 
Its use in the manufacture of dyestuffs Thus 1.4- 
quraoncs arc condensed with an aminochryscno 
or a derivative of the same in high-boiling 
solvents and in presence of mild oxidising agents 
to yield pigments or, on further soiphonation, 
dyestuffs (F.I*. 754987) Again, chrysene is 
dinitrated, reduced to diaroinochrysene, and 
then subjected to a double Skraup synthesis 
to yield a dipjridinochrysone, which is con- 
verted to a reddisli-yellow cotton dyo on oxida- 
tion with chromic ucid 

A H C. 

CHRYS1N. 5.7diliydroxyfla\onc. 
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in obtained from poplar buds (Piccard, Ber. 
1874, 7, 88; and Darier, ibid. 1894, 27, 21). 
It is n member of tho quercitin series (Perkin, 
J.C.S. 1896, 69, 1443), and dyes cloth mordanted 
with aluminium a pure yellow ; with chromium, 
an orange-yellow ; and with iron, a pale choco- 
late (Perkin, ibid. 1897, 71, 818). 

CHRYSOBERYL. Aluminatc of beryllium, 
BeAlj 04 , crystallising in the orthorhombic 
system, and used ns a gem-stone. It is usually 
met with as veil-formed crystals, which ns a 
result of tv inning often simulate hexagonal 
forms, or ns rolled pebbles in river gravels. 
Sp.gr. 3-0r)-3-75 ; hardness 8}, taking the 
third place amongst minerals, being exceeded 
only by diamond and corundum. Few minerals 
arc so resistant to chemical reagents as chryso- 
bcryl : it is not attacked by acids nor fusible 
before the blowpipe, and is decomposed only 
by fused alkalis. The coloiu- ranges in various 
shades of yellow and green. Tho vnrielj' 
ttUrandrite is cmerald-grccn in daylight, but 
violot-rcd in lamplight. .'Vnothcr gem variety, 
known ns cymophane or “ oriental cat’s-cye,” 
shows a bluish milky band of reflected light 
which travels across the con\cx polished surface 
ns the stone is moved about. Chrysobciyl occurs 
embedded in granite and crystalline schists. 
Material of gem quality comes from Ceylon, 
Brazil and tlic Urals. Colourless crystals have 
been found in tho ruby mines in Upper Burma 
and in tho Gold Coast in Wost Africa. By 
reason of its high degree of hardness it has 
occasionally been used for jewelling watch- 
bearings. 

L. J. S. 

CHRYSOCOLLA. A hydrated silicate of 
copper, sometimes of importance as an ore of 
copper. Tho formula is usually given ns 
CuSI 0 j, 2 H 20 , but the composition is variable, 
tho mineral often being mixed with various 
impuritie.s — silica, alumina, copper carbonate 
or phosphate, limonitc, etc. On these dilTer- 
cnces in composition several trivial varieties 
have been distinguished b^' special names. 
The mineral is of secondary origin, occurring 
in tho upper portions of deposits of copper ores. 
It forms encrusting or botryoidal masses, which 
may bo vitreous and translucent, resembling 
opal or enamel in nppearanec, or dull and 
earthy. The colour ranges from bright green 
to bright blue, and there is a wide range in the 
sp.gr., 2'0-2'8. Under tho microscope it some- 
times shows a minutely fibrous structure, and 
small acicular crystals from Idaho have been 
descrilicd, but with variable and uncertain 
opt ical data and sp.gr. 2-4 (J.B. Umplcby, 1914). 
Interbandcd with the microcrystalline material 
is often some optically isotropic material, and 
for this amorphous equivalent of ehrysoeolla the 
name comuite has K’cn proposed (A. F. Rogers, 
1917). 

A variety known ns pUchy coppcr-orc (Gcr. 
Kvpftrptchcrz), dark brown or black in colour 
and with the npjieamnco of pitch, is of some 
imjiortanco n.s an ore of copper, particul.arly in 
Chile. It consists of a mixture of ehrysoeolla 
ami hmonite (F. X. Guild, .-\mcr. Min. 1929, 14, 
313). ehrysoeolla of the more ordinarj' type 
has been mincii for copper in South Austm’ha, 


Belgian Congo, Chile, Arizona, Idaho, etc. 
Tho name ehrysoeolla, from ypuods’, gold, and 
koAAo, glue, was applied by tho ancients 
to materials used for soldering gold, and 
included, besides certain copper minerals, also 
borax. 

L. J. S. 

CHRYSOGEN. Tho crude orange-yellow 
hydrocarbon responsible for tho yellow colour 
and green-yellow ultraviolet fluorescence of 
crude anthracene. Capper and Marsh (J. Amcr. 
Chem. Soc. 1925, 47, 2847 ; J.C.S. 1926, 724) 
studying absorption and fluorescence spectra, 
concluded that chrj'sogon was either naphtha- 
ccnc (I), or l:2-benznnthracene (II) [see aho Cook 
and co-workers, Proc. Roy. Soc. 1932, B, 111, 
469 : Morgan, J.S.C.I. 1928, 47, 132). 
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Wintcrstcin, Schdn and Vetter (Z. physiol. 
Chem. 1934, 230, 168) separated chrysogen 
from onthraceno by chromatographic analysis 
and completely identified it with naphtha- 
ccnc(I). 

CHRYSOLITE, a clear, transparent, yellow- 
ish green variety of olivine (MgFeljSiO^. 

CHRYSONAPHTHAZINE v. Azwks. 

CHRYSOPHANIC ACID [Chrysophanol) 
V. CuuYSAr.oniN. 

CHRYSOPRASE v. CiraLCEDOKY. 

CHRYSOTILE r. Asbestos and Sek- 

FESTISE. 

CHRYSOTOLUAZINEr. Azikes. 

CHUFA. Earth almond. The tubers of 
Cyperus csculentus Linn., grown extensively in 
central and southern areas of tho United States. 
The tubers, which are 0-5-1-0 in. in length, 
hn\e a nut-like flavour and arc said to resemble 
the water chestnut. They arc sometimes 
roasted and used ns a substitute for coffee. 
The plant is also valued as forage for pigs. 
The fat content of the tubers avemgas 20-29%, 
starch 12-30%, and sucrose 15% (Power and 
Chesnut, ,1. Agrie. Res. 1923, 26, 09 ; Picraerts, 
Mat. Grasses, 1924, 16, 0074; Anon. Giom. 
Chim. 1933, 27, 297). 

Baughman and Jamieson (J. Agric. Re». 1923, 
26, 77) record a detailed evamination of the oil 
and give tho follow ing charnctcristic-s : 0-918, 

refractive index 1-4602 (25°), saponification 
value 191-3, iodine value 76-89, Reichert -Meissl 
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value 0-2, Polenake value 0-3, acetyl value 4 55, 
acid value 1'70. The calculated composttioa 
of the fatty acida is : 

Lignocerie acid . . . 0-3 

Atachidic acid . 0-5 

Steanc acid .... 6 2 
Palmitic acid . . . ll-S 

Mymtic acid . trace 

Oleic acid ... .733 

linolic acid ... 59 

Unaaponifiable aCid . .30 

A phytoateTol, m p. 134*-135®, was also found. 
A related species, C. rofuadua, from Japan, 
yields 1% of an essential oil which, accordmg 
to Kimura and Ohtani, eontaira 32^o of cyperene 
iCijH.A and 49“/i of cypetol 

A. G. Po. 

CH'U-MAv CiQNA Grass. 

CHURCHITE. A hydrated phosphate of 
cerium (Ce|0| 61 87%) and calcium, occumog 
as grey fan-IiLe aggregates of acicolar crystala 
encrusting quartz and slate in a Carrush copper 
lode. Unfortunately nothing is known of the 
exact locality of the mmenl. 

L J. S. 

CHYMASE a synonym for Rzvirrr. 

CHYMOTRYPStN. An active proteolytic 
enzyme obtamcd by the action of a mmute 
quantity of trypsin on a crystaJIme protein 
contained in acid extracts of pancreas (Kumitz 
and Northrop, J. Gen. Physiol. 1935, 18. 433). 
This enzyme nydrolyses casein more slowly than 
trypsm but cames the hydrolysis further and 
attacks different linkages. 

E. F. A. 

CIBACCT t. Acctate Srtz Dyxs. 

. CIBANONE DYES. Blue 0, 30, RA; 
\ Black B : Brown B i Olive B ; Orange R, 
y CR j Red 4B ; Violet BW ; Yellow R (e. 

. AirrmAQcrfoxB DrEsverw. 

CICHORIIN, CijH„0,,2Aq. m.p. 2I3»- 
215®, (a]p —104 5®, IS the glycoside prewnt in 
CieAortum Inti/buf, chicory. 

It is isomeric aitb rsciiLn differing only in 
the position of the sugar residue. 

According to K. W. Jlerz (Arch, pharm 1932, 
270, 470), It IS hydrolysed to glucose and cicfaon* 
gemn..C^^O^whicbisO £h\dmrgcatuniu\n.. 
In cichonm the glucose residue is attached 
to position 7, whereas in ssculin the attach- 
ment IS at position 6. I 

When cichoriin is first methylated and then 
hydrolysed, B-methosy-T-hydroxycoumann, ».e. 
ecopoletin, is obtsioedL 

CICUTOXIN, C|fH|<Oy. the poisonoua 
pnnciplo in water-hemlock (Cieuia tvgaiu) is 
contained in the tubers to the extent of (►S- 
0 4%. It IS found also in C. nroM. It u a 
yellow rrsin-like substance which readily decom- 
poses and polymerises above 60®, it haa «f** 
0 9059 and n" 1-5SS5. Unites energetically i 
with bromine and ignites spontaneously in' 
contact with strong nitnc acid. On dry distiUa* I 
, tion it yields an oik C,,H„0,. of cf»093e.| 
Distilled in a current of steam it gives an oil. I 
* pleasant odour and which' 


gndually polymerises to a transparent semi- 
solid ream. On oxidation with nitric acid cicu- 
toxin yields carbon dioxide, oxalic acid, hydro- 
gen cyanide, isobutyric acid, and acetyl-2, 
cyriopentanone, b p. 73 5®/15 mm. Compounds 
of cicutoxin with lead, banum, hydrogen 
chloride, ammonia, bromine and iodine are 
known. Cicutoxin appears to be a derivative 
of 4 pyrone (Jacobson, J. Amer. Chem, Soc. 
1915, 37, 916) ; it exldfaita absorption bands at 
A S70-64 and A 650-680 (Svagr, Chem. Listy, 
1923, 17, 166). 

ClGNOLIN.tbe antbranolof 1.8 dihydroxy- 
anthraquinone (v. CHKYSARoetti). 

CIDER or CYDER is a beverage produced 
Dom the juice of apples by alcobobc fennenta- 
tion. A corresponding beverage, perry, is 
made from the j uce of pears v this so closely 
resembles eider m general type and quahties, 
methods of production, and centres of manu- 
facture, that for the purpose of this article the 
two dnnks can be treated in common and 
distinctive reference only made to peny when 
occasion requires. 

Both aro beverages of considerable antiquity, 

■ the earliest extant mention of cider in tms 
I country relating to its production m Norfolk 
'as far back as the thirteenth century. In 
France it was being made in the suth century, 

I and probably still eaiber. That country and 
Great Bntaio are the two leading producing 
countries at the present time, the output of the 
former m some years exceeding 4C)0,000|000 
I gallons and being many times greater than that 
I of the latter. The approximate area of the 
I French cider fruit orchards, centred mainly in 
' Normao^ and Bnttany, is 1,330,000 acres, and 
I of the bnglish 65,000 acres. The latter an 
I situated pnocipalJy in the counties of Devon, 
'Hereford and Somenet, with Gloucester and 
Worcester next m order. Cider fruit and cider 
production also extend into Dorset, Monmouth 
and other counties adjacent to those named. 
In Norfolk and, to a Jess extent, Kent, cider is 
also made commercially, but in those distncta 
cider varieties of apples arc not grown on any 
ronsidcrablD scale and " market ” (i e. eating) 
apples are used instead 

Chder III some form is made m most other 
countries in which apples flourish, but in their 
case lor Vhe most part vintage varieties ol Vne 
fruit are not grown. In Europe Germany, 
Switzerland and Spam particularly haie 
gained aomo repute for their cider. The 
beverage produced in the United States and 
Canada in some quantity under this name has 
been during recent years mostly unfermenfed 
apple juice, although latterly m Canada efforts 
to develop the manufacture of the fermented 
article have been vigorously pursued. 

The initial definition of cider given above 
indicates a beverage with a matcnal content of 
alcohol, and in France in particular the use of 
the name is protected by law and must only bo 
associated with beverages conforming to certain 
specified legal standard. Other countries vary 
10 the extent and methods of protection and in 
some they are practically non existent. Thus un- 
derthe general name of culer there are to be found 
I beverages of an extremely wide range of type*. 
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differing in respect of original juico content, 
chemical composition, and form of presentation. 
In the matter of juico content France, for 
ciaiiple, enforces the application of specific 
forms of name designation indicating (a) whether 
the article is produced li-om undiluted or diluted 
juico and, if the latter, (b) the degree of 
dilution. 

In England no legal standards have been formu- 
lated, but under a regulation of the Jlinistry of 
Health, which came into force on January 1, 
1927, no preservative c.Tccpt sulphur dioxide is 
permitted. The maximum content of sulphur 
dioxide allowed is 0-02%, which is equivalent 
to 14 grains per gallon. The introduction of a 
National JIark Schomo for Cider in 1931 by the 
Jlinistry of Agriculture and Fisheries has led, 
however, to the establishment of a voluntary 
standard for English ciders which must be 
attained before the ciders are entitled to bear the 
National Jlark. According to this standard, 
the cider must be made from apples grown in 
England and Wales. It must bo made from 
cither the pure juice of apples or a dUutod 
juico containing not more than 25% of its own 
volume of a syrup of pure cane or pure beet 
sugar. The original specific gravity of the 
juico must not bo below 1-040 and the percentage 
of volatile acid (as acetic) must not exceed 
0-3%. 

The chemical composition of cider in relation 
to tho contents of alcohol, sugars, acid, and 
tannin is very variable and is responsible for a 
scries of tj-pcs of tho beverage differing widely 
in taste and physiological action. Total sugar 
content determines tho classification under tho 
heads of sweet, medium, dry and extra dry, 
tho poreontago ranging from 0-7% by weight 
or over in tho caso of sweet ciders to below 1% 
in tho COSO of tho extra dry types. Alcoholic 
strength tends to vary in tho opposite direction 
and maj' bo but little over 2% by weight in sweet 
ciders and exceeding 5-0% in dry and extra 
dry: in special cases, where a higher content 
is required, this generally cannot bo obtained 
directly from untreated pure juices on account 
of their limited initial sugar content and is 
provided cither through tho fermentation of 
added sugar or by direct fortification with spirit. 
Tho latter methods make it possible to sccuro a 
high alcohol content, even in tho sweeter types. 
Acid and tannin determine tho degreo of acidity, 
and ostringency and bitterness, respectively in 
tho flavour. Ciders containing over 0-4% of 
malic acid rank as brisk ciders and tho low-acid 
types generally range in acidity between 0-2 
and 0-4%. A tannin content in excess of 0-2% 
communicates a definito “ bittersweet ” charar- 
tcr to tho flavour and is generally accompanied 
by at least a fair degree of fullness in body; 
below that figure this “ bittersweet ” character 
is normally not marked on tho palate. Ciders 
of a low-acid, somewhat bittersweet character 
arc generally favoured in France ; in Great 
Britain a brisker, less bittersweet typo is in 
most demand except in the cider-making 
country districts, where a rougher and more 
bitter, dry tyito suits the local taste. 

Cider i.s supplied cither in cask or bottle. 
Draught cider in the wood is usually still or 


nearly so, any slight sparkling condition being 
generally tho result of a slow after-fermentation. 
In bottle, sparkling cider is tho rule, the carbon 
dioxide to which tho “life ” is due being secured 
mostly by natural conditioning in tho bottle 
or by artificial carbonation prior to bottling. 
Tho latter method predominates in commercial 
production. A third type of sparkling cider is 
thatproducedbythetrue “champagne” method, 
tho liquor being first strongly fermented in 
bottle and then disgorged to remove all sedi- 
ment. 

Although a beverage coming within tho 
ordinary definition of cider can be made from 
any kind of apple, the result is likely to be 
inferior and lacking in commercial appeal 
unless cither the fruit is composed of vintage 
apples exclusively or of a mixture in which 
vintage fruit is the predominant constituent, 
or, alternatively, special methods of treatment 
are adopted. Fruit falling ivithin the class of 
“ eating ” apples, i.e. dessert and culinary 
varieties, is characterised by a defieiency of 
tannin and, usually, an excess of acidity from 
tho vintage point of view. Cider made there- 
from by usual procedure is typically thin, lacking 
in body and character, more or less oversharp 
(according to the variety), poor-coloured, and 
coarse-flavoured ns a result of an excessive rate 
of fermentation of the juice. 

Since in practice apples unsuited for dessert 
or culinary purposes are normally sent to tho 
cider mills, they tend undeservedly to bo ranked 
ns vintage fruit. Strictly, that term should be 
reserved for varieties yielding a juice which by 
fermentation and after-treatment will produce a 
cider of good quality in its particular doss, 
irrespective of any blending requirements. 
Quality in this connection includes characters 
such as aroma, flavour (in respect of fruit 
character ns distinct from the aspects duo 
purely to sugars, acids, and tannins), body and 
low nitrogen content. Tho sum total of such 
characters may bo expressed by the term 
“ vintage quality.” A cider apple proper 
may, therefore, bo defined ns one normally 
possessing vintage qualitj' of a satisfactory 
order. 

Tho individual varieties of cider apples show a 
very wide range of composition in respect of 
constituents which are of vintage importance. 
Sugars, for example, may range from 7 to over 
20%, malic acid from 0-1 to over 1-5%, and 
tannin from 0-1 to over 0-6%. Tho specific 
gravity of tho juico ranges generally between 
1-035 and 1-090. Although not an exact index 
of tho total sugar content of tho juico owing to 
tho presence in tho juico of other soluble solids, 
the specific gravity affords a very fair approxi- 
mation, by far the greatest proportion of tho 
soluble solids being sugars. A juice with a 
specific gravity of 1-040 usually contains 
about 8% of total sugar ; of 1-050, appro xi- 
raafely lO^o ; and of 1-OGO, approximately 
14%. 

Cider apples are claasified according to tho 
chemical composition of their juico in respect 
of tho amounts of malic acid and tannin 
normally present. They fall into three main 
classes — sharp, sweet, and bittersweet. 
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As ft nsnlt of tBe examinstion of ft Urge 
number of English cider apples m exiended 
cUs3i£cfttion enabling varieties to be grouped so 
that their blending requirements may be 
closely indicated has recently been prepay 
by the Long Ashton Re«earch Station, which 
serves as the research centre for the cider 
industry m this country. 

This classification is as follows : 

SiURT Class. — Gnmp I. — Full Bittersharp 
{ForvhtlpType). Varieties with juices normally 
containing not less than 0-75% malic acid and 
0-18% tannin. 

The members of this group are very arid 
in taste. Their ciders are too sharp and 
too much inclined to bitterness for use un- 
blended. 

Group II. — Full Sharp {Frtdtncl: Type) 
Varieties with juices normally containing not 
Um than 0-75% malic acid and not more than 
0-18®o tannin 

Ciders made from these varieties alone are 
too sharp and generally lack body. 

Group ///.— Jledinm Bittersharp {fLin^ston 
B!aeL Type) Vaneties with juices normally 
containing ^twren 0-15 and 0-75% mabo acid 
and not lea than 0-18% tannin 

Into this group fall most varieties that yield 
ralatable and well balanced ciders unblended, 
Kingston Black being the ouutanding example 
In some instances and m certain seasons. 
e<pecially when body is Ucking or some trait 
of flavour 1$ abnormaUy prominent, blending 
pres an improved beverage , m such instances 
they require the additiou of an already baUnced , 
blend in quantity sufficieut to give the character j 
sought for 

Croup II —Medium Sharp {I^nyuorthy 
Type) Varieties «tth juices normally contain- 
ing ^tween 0-43 and 0 75% malic acid and 
net more than 0-18% tanmn. 

For this group, owing to the low tannin 
content, blending with '* bittersweet '* matenal 
IS generally essential. Onlv infrequently can 
blending be dispensed with Because of the 
medium acid content the matenal used for 
blending needs to be already balanced in 
respect of acidity. 

Ciders made from the varieties of this group 
unblended, while usually of about the cighJt 
stanilard of acidity, generally lack body and 
sufficient *' tannin ” character. 

SwEtT Class. Group F.— Sweet (Sireel 
Alford Type). Vaneties normally containing 
lea than 0-45% msLe and and Uss than 0-lS^o 
tannin. 

The members of this group are tbe " sweet ” 
vaneties proper. By themselves they generally 
peld ciders insipid to the palate Wrause of 
deficiencies of acid and tannin. 

Bittemweet Class. Group VI. — Mild 
Bittersweet (BeUe Xorman Type). Varieties 
normally containing lea than 0-45% mabc ftcid 
and betaeen 0-18 and 0-25% tannm. 1 

This group IS sufficiently numerous to justify | 
its separation from Group V. It includes a type I 
of variety that u on the border Lne between the I 
** sweet *' and “ bittersweet " classes. While I 
in many seasons chemical analysis places aeveral I 


of them in the “ sweet ” class, the paUte usually 
ranks them as mild ** bittersweets ” Their 
oden unblended resemble those of Group V, 
but with rather more character. 

Group VII. — Medium Bittersweet (Knotted 
Kernel Type). Varieties normally containing 
not more than 0-45% malic acid and approxi- 
mately 0 25-0 4% tannin. 

This group IS closely described by its title 
** medinm bittersweet," Ciders made from its 
members unblended have that character very 
definitely marked as well as distinct lack of 
acidity. The tannin percentage varies con- 
aidcrabiy with most varieties according to 
season — this appbes to Groups VI and VIII 
also— and occasionally places them chemically 
m lha Group VI range ; but the palate marks 
them almost inranably as " medium bitter- 

Group VIII. — Full Bittersweet IStratrberry 
Korman Type). Vaneties normally containing 
not more than 0-45% malic acid and not las 
than 0-4^0 tannin. 

Members of this group are pronounced 
“ bittersweets ” with the tanmn character 
generally overwhelming to the palate That 
feature dutinguishes their ciders from those of 
the Group \TI vaneties, which otherwise they 
closely resemble. Not infrequently this charac- 
ter Koders it impossible to use them m blends 
except m low proportions. 

While tbe chemical composition of tbe apple 
does not neceasanJy indicate tbe value of that 
apple for cider msking, nevertheless vtntap 
qusdity is closely correlated as a rule with the 
composition of the juice. Apple juice is a Iiouid 
containing many constituents, of which tbe ctiief 
in quantity ate the sugan (Icvuloae, glucose, 
and eucrose), mahe acid, tannins, pectin and 
imnerals. Typical analyses of three \aneties of 
French apple juices are given in the following 
table: 



Bedsn 

St.Msrtla 

Bouteille 

Density of juice . 

1063 

2060 

1055 

Water 

83*15 

84 34 

85*75 

itueme and. Isvu,- 





11-10 

1000 

0 10 

Sucrose 

1-40 

1-40 

1 30 

5laUc and 

0 28 

0 20 

0-30 

Nitrogen . . . 

0-055 

0 062 

0 064 

Tannins . 

0-15 

012 



0 32 

0 51 

042 

Ash .... 

0 23 

0 36 

0 34 

Unidentitied com- 




pounds, fats, 




sorbite, etc. 

3315 

2 948 



100 000 

100 000 

100 000 


I The nature of the ash constituents and the 
I approximate quantities of tbe individual con- 
j stituects are shown in tbe table on p. 123. which 
j have been obtained by the analyses of three 
typical French ciders. 
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Illc-et- 

Vilalne 

Manche 

Seine-Inf. 

hiliea 

% 

0-0017 

O' 

0-0010 

O' 

0-0020 

Phosphoric acid . 

00229 

0-0205 

0-0225 

, Sulphuric acid 

00145 

0-0065 

0-0225 

Chlorine . 

00023 

0-0020 

0-0225 

Iron nnd nliiinin- 
iura oxides . 

0-0017 

0-0015 

0-0225 

Calcium . 

0-0050 

0-0042 

0-0100 

.tingnesium 

0-0037 

O-OOSO 

00150 

Potn.ssium 

0-0970 

0-0113 

0-0730 

Sodium 

0-0020 

0-0021 

0-0015 

Totnl ash . 

1-0805 

1-0980 

2-0787 


Apple (annins ha\'e not been ver3' closely 
htiidiwl, but they resemble more the products 
from rofice, enchou, or quinquina than oak-gall 
tniuiiii. Their oxidation by means of an oxidase 
i'* mainly the cause of the charaeteristic amber 
colour of eiders. 

Thu nitrogenous compounds of apple juice 
consist of complex proteins, acid amides, and 
traces of ammonia. In freshly expressed juices 
the nitrogen content usually ranges from 0-15 
to 0 03%. During the course of fermentation 
a material quantity of the nitrogen content is 
removed owing to its assimilation by the yeasts 
ami the residual amount in most finished ciders 
is apjiroxiniatcly 0-01%. These constituents 
have an important bearing on the quality 
of the cider since they are mainly responsible for 
the rate of fermentation of the juice. If the 
nitrogen content is high, the fermentation of the 
juice i.s rapid and a coarse typo of cider results. 
A low content of nitrogen is associated with a 
slow rate of fermentation and a product of 
superior quality. 

The composition of the juice of any individual 
variety is subject to considcrnblc variation, both 
from year to year and when obtained from 
samples of fruit grown under different local 
conditions. Ufany factors influence its eom- 
po.silion. Among the.so the more important arc 
climate, soil, condition of ripeness of fruit at 
the time of expression of the juice, methods of 
culture of the tree, age of the tree, the size of 
the crop.s borne by the tree during the previous 
two or three venrs, nnd manurinl trentment 
given to the tree. 

I’erry pears may bo distinguished from 
other varieties of ]'cnrs by their posse.ssion of 
Superior vint,age quality, as in the analogous I 
nise of the cider ap)iie already referred to. 
the same general remarks ns regards cora- 
po'ition ami its liability to variation apply in 
their c.a.sc too. Owing to their relatively small 
nutnher, no .sy.stemntie classification has hither- 
to been established. Tlio features of any 
ehi'-sification. if f rmnlatcrl, would probably 
follow along very similar lines to those of the 
uj'ple chawilicntion outlined above. 

Ibe possc-s-ion of high vintage quality docs 
not ncces-arily entitle the variety in question 
to a phace in a selected list of varictic.s to be 
ttcomnicndcd to growers for culture. It'Iiat 
may li(. comprt'licn.sivcly termed the “ orcbnrfl 
qualities '■ of the variety have also to lie taken 


into account for economic reasons. Thus, for a 
variety to qualify for inclusion in a selected 
list, it must attain a suitable standard in 
respect of both vintage nnd orchard quality. 
The important charao'-'rs concerned with the 
orchard quality of a .aricty are the capacity 
of the tree to grow adequately and to maintain a 
reasonable state of good health over a long 
period of years under grass orchard conditions, 
freedom from serious susceptibility to damage 
from insect pests and fungus diseases, good 
cropping quality, and individual fruits of at 
least fair size. 

During the past quarter of a century both 
the vintage and orchard qualities of many 
varieties of cider apples have been investigated 
and, ns a result, the list on page 124 of approved 
sorts prepared by the Long Aabton Research 
Station. Some of the varieties included in 
the list, such ns Kingston Black, Foxwhelp, 
and Cap of Liberty, need to be grown under 
suitable local conditions and on appropriate 
soil, but most of the varieties named can be 
recommended where local conditions are 
favourable for apple culture in general. 

Cider apples nnd perry pears are normally 
grown in grass orchards, the type of tree being 
that known in horticulture ns n “ standard,” 
a form with a single main stem at least 0 ft. in 
length from ground level to the beginning of tbo 
head of the tree. This type of tree is necessary 
to enable use to bo made of the grass sward of 
the orchards for grazing by livestock. Cultiva- 
tion in grass is preferred to cultivation in tilled 
land on account of reduced costs of cultivation, 
the better harvesting conditions for the fruit 
nnd the lower nitrogen content obtained in the 
juice. The individual trees should stand n 
minimum of 30 ft. apart and many strongly 
growing varieties need a distance of 35 to 40 ft. 
apart. An adequate nnd economic control of 
pests nnd diseases can bo obtained by' spr.aying 
in alternate years with an egg-killing winter 
wash nnd a spring spraying with lime-sulphur 
respectively. The sward of the orchard should 
bo kept close by grazing. After the heads of the 
trees have been suitably shaped and established 
in their earliest years little pruning is required 
beyond an annua! overhaul to remove any 
interlacing or dying and dead branches. Orchard 
management along these lines is now being 
more nnd more extensively practised, but the 
older generation of orchards in the West of 
England affords many examples of the deplorable 
results of neglect of proper management. ' 

The earliest-ripening varieties of cider apples 
begin to ripen in September nnd the latest are 
not fit to gather until the early winter. The 
correct time for harvesting needs to bo decided 
for each variety sejiaratcly ; it i.s wlicn the apples 
fall freely when the tree is lightly shaken. 
Premature harvesting means a loss of quality 
in the ultimate cider, since the fruit does not 
acquire its full vintage quality until it has 
ripened to a comparatively mature state on 
the tree. Kormally the fruit at this stage of 
maturity has not yet reached its optimiirn 
condition for cider-making nnd needs to be 
stored fora period before that point of conditien 
is reached ns a result of the conversion of 
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Qarvesticg season. 

Same of vtstage class o' variety. 

Sharp. 

Sweet. 

Bittenweet. 

Early (to mid October) 

BackweQ Bed 

Court Royal 

Belle Korman (ryn 
Perthyres) 

Major 

Royal Jersey II 

White Jersey 

White Korman 

dfuf-aeoaon (mid- 

October to early 
Kovember) 

Cap of Liberty («yn. 

Red Soldier) 

Dymock Red 

Fair 3Iaid of Devon 
Foxwhelp 

Frederick 

Kingston Black 
Langwortby (syn. Sour 
KaturaL Wyatt’s 

Seedlmg) 

Porter's Perfection 
Rejuvenated Porwbelp 
Stoke P^ 

Yellow Styre 

Berkeley Pippin 
^gleton Styre 

Sweet Alford 

Sweet Coppin 
Woodbine II (ryn. 
Korthwood, Sweet 
Woodbine) 

Bulmer’s Korman 
Ellis’ Bitter 

Knotted Kernel 
Masters’ Jersey (ryn. 
Harry Masters' 
Jersey) 

Royal Wildmg 
Tremlett’a Bitter 
Yarlington 3IiU 
Jersey 

LaU (Kovember and 
later) 

Cnmson King 

Lambrook Pippin 
Reinette Obey 

W'oodbine 1 (syn 
Slack-ma Girdle) 

Dabinett 

Dove 

Sledailla d'Oi 1 
hlicbelm 

Reine de Pomoes 
SQver Cup 

Tardive Foreitier. 


tUrcli to <t3g&n and r&notu chang«9 id the 
pectin and other eonjtituents Ddho; thu 
penod of atonge the apple* can be kept either 
under cover or ontdoors, provided that lO the 
latter caw the loirest lajrer of fnut m the 
heap doei not rcat directl; on the ground. 
If tiiat occurs, there u nak of an earthj taint 
being acquired and transmitted m due course 
to the cider. Storage on a bed of itraw or 
rough boarding provides the neceasarj eecunty 
against this nsk. From the foregoing it follows 
that it IS undeurable to mix m the same heap 
of fruit apples of mdelj* varying condiUona of 
ripeness. (JmJbmuty of ripeness is essential iT 
the best results arc to be obtained. 

\Vben the fruit u adjudged to be fit for nulling 
the practice in up-to-date factonea u to wash 
It a* thoroughly aa possible before passing st od 
to the mill. This operation of washing is of 
relatively recent introduction into ader- 
naking routine and serves the doable purpoee 
of thoroughly cleansing the fruit and aSTording 
a ecttveruent and simple opportunity for the 
removal of anj’ appW which may hare rotted 
during storage. It has also been found that 
the suloequent management of the fermenta- 
tion of the juice is easier and the clanllca- 
tion proceases rendered quicker and more 
thorough. 

For the expression of the juice considerable 
improvementa have been introduced la recent 
years in the nature and construction of the 
mills and presses and the accessory equipment. 


Most modem ader milla are of the grater type. 
These, with their high speed of 2,000 revolutions 
a miiiote, are capable of reducing fnut to a 
very finely divided pulp m a short space of time. 
A vnitl of average size can deal with a ton of 
fruit in 10 minutes or less. Slost of the newer 
pmses installed are of the hydrauLc type. 
The milled fnut pulp— the ’* pomace is 
built up on the bed of the press into a “ cheese," 
as it u technically termed. The accessones used 
in juice extraction are devised to facilitate the 
rapid and complete expression of the j'uice and 
Its frve dramage from the " cheese " of pulp. 
For thu purpose a wooden slatted dramage 
rack IS tot placed on the bed of the press 
and on it is laid a netted or open-meshed cloth 
of cotton or other suitable fibre. In this the 
pomaev IS received and spread evenly as far 
as the edges of the drainage rack until a layer of 
pomaee about 3 ins. ui thickness IS obtained. The 
overlapping sides of the cloth are then wrapped 
overtbe pomace layer and above this a second 
rack u placed and the same procedure repeated 
until a " cheese " consisting of about seven 
tiers or layers of pomace is obtamed- 
Tho press is then put in action and 
in the course of from 15 to 30 minutes the bulk 
of tbe available juice ii expressed, the individual 
layers of pomace being compressed *o tightly 
that the dramage racks above and below 
each are nearly in contact. 

It is usual to press the pomace Immediately 
after delivery from the mill, but many old 
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cider makers prefer to allow the pomace to stand 
in tabs for from 12 to 24 hours before pressing. 
This maceration was found, when the older types 
of mills and presses were used, to facilitate the 
Eubsequent expression of the juice and was 
believed also to improve the vintage quality of 
the liquor. Oceasional makers still adopt this 
practice but, with the modem machinery now 
vidcly used, it is doubtful if any advantage is 
derived from it. With the use of modem 
equipment it is possible to obtain from 75 to 80% 
of the original weight of the fruit as juice, if 
the fniit used is in good condition and at a 
suitable stage of ripeness. With older types of 
machines a yield of 70% must ho ranked ns 
above the average. 

The residual pressed pomace after the expres- 
sion of the juice in the manner described con- 
tains about 70% of its weight in the form of 
juice which cannot he expressed by a single 
pressing. Many makers break up the cakes of 
pressed pomace into a fine state of division by a 
suitable machine and subject this pulverised 
pomace to a further pressing. By so doing an 
additional yield of about 20 gallons of juice per 
ton of fniit can ho obtained. It depends upon 
the value of the particular juice in question 
whether or not this second pressing is economic. 

With modem equipment and fmit in good 
condition the average yield of juice per ton of 
fruit should approximate to 160 gallons. 

In France, instead of the juice being expressed 
in this manner it is sometimes obtained by 
extraction from the thinly sliced fruit by a 
diffusion process similar to that used in the beet 
sugar industrj'. This method has also been 
tried by some English cider makers, but has not 
been generally favoured. 

The freshly expressed juice is a turbid liquid, 
somewhat viscous owing to its rather high 
pectin content, and ranging in colour from a pale 
straw lint to a deep amber-brown. Its colour 
generally can be correlated approximately with 
its acid and tannin contents, acid tending 
towards the paler shades and tannin towards the 
deeper; thus a high-acid low-tannin juice is 
usually very pale and a low-acid high-tannin 
one dark, while a high-acid high-tannin sample 
as a rule is decidedly darker than one of similar 
acidity but less tannin. Held in suspension in 
the juice are fragments of fruit tissue of varied 
sue, the amount and character depending to 
some extent on the state of ripeness of the 
fniit at the time of milling and largely also 
on the degree of fineness of milling and the form 
of construction of the cheese and tho kinds of 
cloths used. The coarser material is removed 
by straining the juice through a fine-meshed 
sieve after it Ic.avcs tho press; but normally 
suflicirpt suspended solid niatfcr remains in 
the juice after sieving to render it desirable to 
t^akc other steps for its removal, so that tho 
fermentation vessels may bo kept in cleaner 
rendition and risks of flavour depreciation due to 
ds pn-senep during fermentation reduced os 
far ns possible. A fair clarification of the juice at 
tills st.ape is mostly effected in practice by one or 
other of the following three wny.s. Centrifuging 
the jiiirc usually is effective to a high degree, 
hut at present few makers outside the larger 


factories possess appropriate centrifuges. Effec- 
tive filtration of the juice would servo, but is 
difficult to attain, and also very slow, owing to 
the presence of pectins. A simple method is that 
of “ keoving,” which consists in allowing tho 
juice to stand at rest for a period of several days 
(until fermentation becomes active) in a large 
open vat. Defecation occurs, most of the 
suspended matter rising to the surface and 
forming a more or less dense head easily 
removable by skimming and the bulk of tho 
remainder sinking to the bottom of the vat to 
form the lees, which are separable by racking at 
the appropriate time. The chief drawback to 
the “ keeving ” method is the acetic fermenta- 
tion which invariably occurs, sometimes to a 
slight or even negligible extent when the juices 
are prompt in coming into active fermentation, 
but at others to a degree leaving permanently 
in the prepared cider a distinct taint of aroma 
and flavour. To minimise this action keeving 
at low temperature (.75°F.) has been adopted 
with some success whore facilities for chilling 
are available. The most primitive method of 
juice clearing is still tho simplest and the one to 
be advised usually when a centrifuge is not 
available. In this the freshly expressed liquor 
is placed at once in the fermentation casks and 
allowed to stand there with tho bung open 
i pending the onset of active fermentation. This 
is associated in its earliest stages with tho 
form.ation of a thick, sticky head of foam, which 
as formed carries with it much of the suspended 
material to tho open bung-hole where it is 
extruded over the sides of tho cask. Within a 
few' days generally this phase passes, active 
fermentation takes charge and then, for the first 
time, it is desirable to insert in the bungholo a 
bung fitted with a modem form of vent-tube 
which permits the evolved carbon dioxide to 
escape and prevents any atmospheric oxygon 
reaching tho liquor. 

After the preliminary clarification of the juice, 
by whatever method adopted, tho fermentation 
process is allowed to proceed uninterrupted until 
it has reached tho desired point. The great 
majority of cider makers allow the juice to fer- 
ment “ naturally," in which case the wild 
yeasts which occur on the skin of tho apple and 
are washed into tho juice during tho milling 
and pressing operations are the active micro- 
organisms concerned. Other makers, however, 
control tho nature of tho fermentation tho 
use of selected yeasts, cultures of which are 
added to tho frcslily expressed juice in quantity 
sufficient to dominate the fermentation which 
takes place subsequentb'. .Aloro complete 
control can be obtained by the pasteurisation of 
the juice before tho addition of the pure yeast 
culture ; but this method is open to the draw- 
back that the pasteurisation of tho juice affects 
its flavour to some extent. 

In the natural fermentation several different 
kinds of yeast are usually concerned. During 
the course of tho production of tho beverage 
three distinct phases in the micro-organism 
flora, characterised by tho predominance of 
certain yeast fvqrcs, occur. In the initial stages 
of fermentation yeasts of tho apiculalus typo are 
relatively numerous. During tho most active 
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stages of fermentation which follow, j«asta of 
the eeren'sioe, eW»/)soi</<u#. and Paslonanvs types 
are predoniuiant. AVhen active fermentation 
has been completed the residual flora is charac- 
terised by the presence of a relatively large 
proportion of small-celled } easts of the Torula 
class. At this stage also there is generally an 
increase m the proportion of bacteria to jeasts, 
unless the later stages in the production of the 
beverage are very carefully managed. 

Two distinct courses of procwurc in con- 
nection with the fermentation stage are open 
to the eider maker. Under the older method 
the juice is permitted to continue to ferment 
until active fermentation eomes to a natural end. 
^\hen that point is reached steps are taken to 
clarify by racking or other methods described 
below. With this method the ultimate character 
of the cider as regards sweetness depends only 
upon the extent to which the natural fermenta 
tion of the juico is earned This vanes greatly 
with different juices and is determmed mainly by 
the content of soluble organic nitrogenous com 
pounds suitable for J cast nutntion m the juice 

The alternative method open to the cider 
maker is tho one of “ checked fermentation.” 
which has for its object the retention of a degree 
of natural sweetness m the liquor desired by the 
maker. This necessitates bringing active fer- 
mentation to a standstill when the corresponding 
point of specific gravity u approached Racking 
for this purpose is unreLable, although occasion- 
ally stoppage of fermentation can be obtained 
in this way when the nitrogenous content of the 
joiec IS exceptionally low Filtration is far 
more elTcctiTe, proMded that pulp filters of a 
fairly modem type are used The most recent 
va\ which has been found to gixe the maVet a 
high degree of control— as well as other advan 
tages— IS to centnfuge the fermented liquor 
when the desired point of specifie granty baa 
been reached 

In the production of sweet eiders the maker 
using tho ” checked fermentation ” method 
obtains n beverage with a part of the natural 
sweetness of tho apple retained, for which be 
must rely on tho efticicncy of bis method of 
checking the fermentation Under the older 
method the degree of sweetness left in the liquor 
at the end of tho fermentation u very ranable 
in diiTercnt cases anif generaiiy insigniiicant in i 
amount ; the required sw ectness has then to be 
provided by tho addition of sugar. For the 
production of dry eiders fermentation is alIowe<l 
to proceed in any ease until it comes to a natural 
end. 

At the end of tho active fermentation period, 
whether this has been achieved artificially or 
not, the liquor is placed m clean, tightly-bunged 
casks and allowed to mature for a period For 
the storago of eider in bulk large remforeed 
concrete vessels lined internally with glass tiles 
or an impermeable, tasteless, and odourless 
material unacted on by cider arc being u»ed to an 
increasing evient and displacing the large wooden 
vats u«ed hitherto 

Generally the liquor reaches the period when 
it is su&ciently mature for consumption 
dunng the course of the tpnng following the 
autumn or wmter in which it was made. A' 


longer storage pencil sometimes gives an 
improvement in quality, but more usually a 
cider is at its peak of quality during the late 
spnng and summer of its first season. 

Before it IS placed on the market for con- 
sumption some degree of refining is required. 
For draught eider a final filtration through a 
Ipnip filter is adequate; the same applies to 
i bottled Ciders intended for natural conditioning. 
iSmee, however, eiders refined in this way are 
subject to the nsk of certain bnctenal disorders, 
such as eider “ sickness ” and acetiSeation, a 
bacteria-proof filter baa been adopteil m recent 
practice to obtain a sterile beverage . the liquor 
in that event has to be conditioned for 
bottling purposes by artificial carbonstion. 

In botthng cider two methods are generally 
used The older method, in which the liquor is 
allowed to condition it«elf naturally in the bottle 
by a alow after-fermentation, is somewhat 
uncertain in its results and has been largely 
displaced latterly by tho method of artificial 
earbonation. In the former method cider re- 
quires to be bottled at tho eorrect time in its 
life This varies according to tho individual 
Ciders eoneemed and considerable experience is 
required to determine when a given nJer 
has reached the best time for bottling ; if 
bottled too soon, the liquid becomes ov ereharged 
with gas and an excessiv e deposit is formecl m 
the bottle, if bottled too late, little or no after 
fermentation occurs m bottle, the liquid 
accordingly remaining flat and being frequently 
disfigured by the development of ' tliirs" 
resulting from the growth of arctic Imrtena. 
As a rule bottling under this mcthoil should bo 
done Utween mid Februarv and early May 
in the spting following making. The ceibona- 
tion process of bottling has the great advantage 
that the cider can be bottled at any time of tho 
year m condition for immediate consumption, 
while tho problem of deposit does not arise. 
When rulers which have been sterilised hy 
filtration through bacteria proof filters prior to 
bottling are used, all prrts of the botthng phnt 
as well os the bottles and corks must be ateriliscl 
to prevent re infection with micro organisms 

The chemical composition of mature eiders 
diffen considerably in indiv idual eases, the most 
sinking difTerenccs being usually in sugar and 
siboAof content aeeora'ing to w t'Ctfiertfie prcufiirf 
IS of the aw eet or dry ly pc 

The table on page 127 shows the composition 
of some typical eiders of various degrees of 
sweetness and dryness. 

Cider IS subject to aeveral disorders. Of 
these the commonest arc acctificntion. rickncs,*, 
ropiness and oiliness, and discoloration The 
first three arc directly duo to the action of 
specific bacterid, and tne last, m some instaneei 
el least, may be indirectly attributable to and- 
destroying micro organisms IntlieeavcofaretiC- 
cation, the “vinegar” fermentation, in which 
several distinct kinds of acetic bacteria may l>e 
concerned, all ciders are attacked unless the 
bquor is protected at all stages of manufacture 
and subsequently until consumetl. Every juiee 
comes from the press more or less heavily 
infeetcsl with tho baetena in question and 
exposure to sir must be reduced to the lowett 
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Density { 

lOOS-5 

Total drv extract at 100’ . . . ! 

3 025 

Total sugar i 

1-67 

Alcohol 

31 

Volatile adds 

0 050 

Fixed acid 

0152 

Tannin 

0 041 

A«h 

0-175 


B 

C 

D 

E 

1003-5 

10000 

1025 0 

1019 0 

O' 

O' 

C 

O' 

2 37 

2°06 

7-71 

0d3 

0-23 

0-15 

5*53 

4-03 

7*5 

6-45 

3 8 

4-C 

0 05 

0 036 

0 073 

0 074 

0 675 

0 45S 

0 201 

0 229 

0 170 

0 058 

0-20S 

0-234 

0 375 

0 215 

0 248 

0 235 


practicable minimnm, for at no period does 
cider att.'>m a sufScient alcoholic strength 
to render it immune from the development of 
the=e organisms. The carbon diovidc developed 
during the active fermentation of the jmee 
forms a natural protectant and the liquor as far 
as po'^ible should be kept saturated -with this 
ga<-, by direct addition when necessary, through- 
out its life. Cider sickness, (the “ maladiedela 
toume ” and “ la pousse " of the French), is a 
viol' nt form of alcoholic fermentation produced 
bv the “ sickness ” bacillus and apt to attack 
sweet ciders, whether in cask or bottle, when the 
temperature ri»es dunng the late sprmg or 
summer following manufacture. Its onset 
npjiears w ithout w aming and is generally accom- 
panied by an intcn'cly rapid caolution of 
carbon dioxide. A charactcnstic odour and 
flat our are produced and in course of time 
usually a dense milky turbidity appears in the 
liquor in con'cqucnce of a chemical action of 
formaldchjdc and other aldchtdcs formed 
during the fermentation on the tannin of the 
cider. Ciders with a mahe acid content of 0 2% 
and over arc not often attacked. Storage at 
the coolest temperature available is recom- 
mended for all sweet ciders which have not 
been pa.'scd through n bacteria-proof filter. 

Ropiness in cider is similar in character to 
the corresponding disorder of wines, and oihncss 
appears to be an incipient or little developed 
et.apc. It is not of frequent occurrence, but is 
spcciallj apt to appear when sugar is added for 
sweetening purf)o«es. The u'o of a bactena- 
proof filter for the final clarification of cider 
IS probably the most cHcctive method of pre- 
vention of this disorder. All sugar syrups u'cd 
for sweetening should be stcnli'ed before 
addition, as n precaution against infection from 
this source. 

Discoloration or “ blackening ” of ciders is an 
unsightly di^onlcr, but otherwise not actually 
difnincntal to the licvcmge. The affected 
liqii'ir tu.iis dark after exposure to air, in bad 
ca-cs within a few minutes of being poured 
nto the givss for consumption. Tlie discolora- 
tion i« an oxidation clTcct and associated with 
the presena* of iron in a certain form in the 
liquor. The iron contamination is mo^t often 
acquired from metallic utensils with which 
t! pom.are or liquor has been in contact, but 
certain soils are reputed to yield fruit specially 
fu'ceptiblc to the disorder. A rcbatively high 
aciilitv n the cider tends to retanl the appear- 
ance of Harkening and thce-e samples which 


have had their acidity reduced by the action of 
acid-destroying baetena appear to be highly sus- 
ceptible to the trouble. In some cases enzyme ac- 
tion also may be associated with its dev elopment. 
The use of sulphur dioxide as a preservative 
gives some measure of protection against its 
appearance. 

Dunng recent years several by-prodnets of the 
industry' of some importance have been 
develop^. In France a considerable proportion 
of the total output of cider each year is distilled 
for the production of potable alcohol. 
“ Calvados ” — a form of cider brandy obtained 
thus — has been for many years a w cU known 
by-product of the industry. In some countnes 
cider vmegar (r. Vol. I, p. 46a) prepared by the 
controlled acetification of fully fermented ciders 
13 produced extensively and is m considerable 
demand. 

Vanous u'cs for the pressed pomace left after 
the final extraction of the juice have been 
found. In its fresh state it has some value as a 
food for liv estock, provided that it is not kept 
so long that acetification to a material amount 
occurs. The material is now gener-iUy dried 
in suitable drying machines until the moisture 
content is ixduccd to approximately 10%. 
In that form it is perfectly stable and can still 
be used for stock-feeding piupo^es, being 
frequently incorporated with other feeding stnfis 
of more concentrated food value in compound 
cattle cakes. Considerable quantities of com- 
mercial pectin are extracted from dried pomace 
at the present time and u=ed m jam manu- 
facture. B. T. P. B. 

CIGNOLIN. Dihydroxy anthranol, used in 
the treatment of vanous skin diseases (Bayer 
Producle, London). B P.C. 

CINCAINE. iVoPropylhydrocuprcine 

hydrochloride, u'cd as a local ann^thetio 
(lloirarde, London). B P.C. 

CINCHOMERONIC ACID. Pyndine. 

3 4-dicarboxyhc and. 

CINCHAM IDINE t. CtNciioNv Alkaloids 
(tha vok, p ICAi). 

CINCHENE r. CT.scnovv .Alkaloids (this 
vol , p. I5‘*c) 

CINCHOLOIPONIC ACID r. CI^c^o^-A 
Alkaloids (this vol, p. lol'd}. 

CINCHONA ALKALOIDS. I. Intpo- 
Duenov. — Tlip fir-t recorded instance of the 
loolation of a crystalline matenal from an 
extract of cinchona hark i= provided by the 
“ cinchonno ” prepared by Gomes of la^bon 
in ISIO. The ba«;c character of this product 
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\ru Doted bv HoDtoQ'LabQkrdiere, irbo told 
Pelletier and Carentoa sbont it, and thna 
ioitiated tbe inveatigaUo&a of theee tvo French 
chemuta, 'who showed that Gomea's preparation 
conaiated of two allcaloida, cinchontne and 
quinine (Ann. Chim. Phjs. 1820, fii], 15, 293). 
Since then many other basea have bran isolated 
Dom cinchona bark, the most recent being , 
epiqtiiaine and epiquinJdtne, isolated by 
I^chcrl and Thron (Annalen, 1935, 621. 48). 
The following list includes all the alk^oids 
which can be regarded as belongmg to this 
group: 

Empirical 

Formnta. Kane. 

C]|H||ON| Paricine. 

C])H|jON| Cinchonine, ciDchonictne (cm- 
chotoxine], cmchonidine. 

Cinchotine (hydrocinchonine), 
cinchamdine (hydrocinchoni* 
dine], emchonamine. 
C|yH},0,Nt Cupreine. 

C]yHj,0|N| Quinarame, conquinamioe. 
C2,H(,0 |Nj Quinine, epiqnmine, quinicmel 
(quinotoxine), quinidine, epi* 
quinidine. 

C,,H,,0)N| Hydroquimne, bydroqmnidme. 
C|2H,|04N| Chairamine, conchairamine, 
chairamidine, concbairamL 
dine. 

C|,H2«04N, Cuscontnc, concusconuie, an* 
cine 

Dicmchooine. 

C4gH4|0}N4 Diconqiimuie. 

CotDMiitiOD Javanme cnicamlne, cuscami* 

undetermined dine, cuseonidme. 

It is doubtful whether these are all well- 
authenticated single lubstances, aa aome of 
then are amorphous and not too well charac- 
terised. Ihe alkaloids paytine and paytamme 
are sometimes included on the insufEcient ground 
that *' Payta '* bark {Atpidofjxrma «p.). from 
which they are obtained, baa been us^ i 
febrifuge. 

Cinchona barV has a long and Interesting 
history. It is a moot point whether its anti- 
malarial action was known to South Amencan 
Indians before the advent of Europeans ; 
among travellers in that region, Arrot (Phil 
Trans. 1737-8, 40, 81) and others are of opinion' 
that it was, while Humboldt and Slarkham bold 
that It was not. The first cure of a European 
was reported by Jussien and is supposed to have 
taken place in ICOO. About 1638 the Countess 
of ChmehoD, wife of the Spanish Viceroy of. 
Peru, waa cured of malaria by the use of the 
bark, and this event was commemorated by 
Limucus in the name CiacAona, which he 
adopted for the genus of plants yielding the 
drug. 

The cinchonas occur on the westem eide of 
S. America between 10“N. lat. and 22^ lah, 
i.e. in parts of Veneiuela. Colombia, Ecuador, 
Peru and BoUria. Though cinchona bark did 
not meet with universal acceptance among 
the medical profession oa ita iatroductiou 
into Europe aWut 1632, its use spread npidly 
and the great demand led to ruthless exploitation 
of the natural forests and by 1850 there ^ 


serious prospects of a cinchona famine. By 
that time the cinchonas had been classified 
botanic&Uy and it was feasible to consider the 
formation of plantations in other parts of the 
world. A Dutch expedition under J. C. Hasskarl 
Tisited the cinchona regions in 1852 to collect 
plants and seed of as many cinchona species as 
possible, and in 1859 similar British expeditions 
were organised by Sir Clements Harkham, 
whose book, “ Peruvian Bark,” published in 
1880, gives a comprehensive account of the work 
of these expeditions and of the early history of 
the bark and its uses. 

As a result of these Ihitch and British enter- 
puses cmchona plantations were established in 
Java, India, Ceylon and elsewhere, and at first 
were most successful in India, but in 1655 
Charles Ledger obtained a supply of seed of 
CincAona Calisuya, half of which was planted in 
Java and half in India. This species md well in 
Java, but failed in India, and m the former 
country proved to he the source of a remarkable 
strain of trees, named Cinchona LtdQtnana, 
which improved by unremitting investigation on 
the part of the Dutch planters into the effect of 
cultural methods on yield of alkaloid, gradually 
ousted India from the dominant position it 
seemed likely to take about 1680 and conferred 
upon Java the virtual monopoly m cinchona 
production which >t enjoys to-day.’ 

There are probably few drugs whose early 
history has mn so fully recorded as that of 
cinchona, and the reader interested in this part 
of the subject may be referred to the following 
eoutcee of information additional to htarkham's 
book already mentiODed : 

1860. *' Nuova Quinologia of Favon,'' John 
^ot Howard. 

1879. “ Phannacographia,’'FluekIgerandHtn- 
bury. 

1891. '* Pbarmscographla Indira I69],’'VoI. II, 
Dymock, Warden and Hooper. 

190$. ” The Commercial Products of India,” 
Watt. 

1908. ” Scbeikundige Bi)dragen tot do Kennis 
der Java-kina, 1872-1907,” van 
Gorkom. 

1922. Indian Trade Enquiry. Imperial Insti- 
tute. Report on Cinchona Bark.” 
1931. “ Notes on the Cinchona Industry.” 

Lecture to thelnstitute of Chemistry, 
B. Howard. 

1931. “ Proceedings of the Celebration of the 

Three Hundredth Anniversaiy of the 
First Recognised Use of Cinchona,” 
hlissoun Botanical Garden, 8t. 
Ixiuis, U.S.A. 

1932. " Kew Bulletin of Jlisccllaneous Informa- 

tion, 1932,” No, 1. 

6o long aa the world was supplied with 
cinchona bark from the natural forests of South 
Amenta a number of vsneties of bark, dis- 
tinguished by such nsDiet aa “ crown,” “ red,’ 
“jcllow," ‘‘grey," “soft pitayo,” “hard 
pitayo,” etc , were marketed, but with the 
advent of ejstematto planting, the commercial 
varieties ^ve been virtually reduced to “ factory 
bark” derived from Ctnehona Ltdstrtana or 
hybrids and “red hark" or “druggisU’ bark” 
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obtained froJi Cinchona suceirubra, the first being 
nsed for the manufacture of quinine and other 
cinchona alkaloids, and the second for the pro- 
duction oftinctures, extracts, and othergalenical 
preparations. Various devices have been intro- 
duced into the plantations to enhance the yield 
of hark, to raise its alkaloidal content, and to 
facilitate harvesting and preparation for c.xport, 
and information on these points will he found in 
a paper by D. Howard (J.S.C.I. 190G, 25, 97). 
Tlioiigh the hulk of the world’s supply of 
cinchona bark now comes from Java, small 
quantities are still obtained from S. America, 
India, Ceylon and San Thome, hut exports 
from Jamaica and other British possessions 
neem to have ceased. There are small planta- 
tions in Tanganyika Territory, formed when this 
colony was German East Africa, from which 


small quantities have from time to time 
been exported (Worsley, Bull. Imp. Inst. 1935, 
33, 14). 

It is of interest to eomparc the jdeld and nature 
of tho alkaloids obtained from the old S. 
American barks with those of modem plantation 
bark, and that is possible owing to the existence 
of a few analj'scs made by modem methods on 
authentic specimens of old barks, which have 
been kept as museum specimens. These are 
included in Table I. For commercial and 
industrial purposes it is sufficient to determine 
the moisture, total alkaloids,and quinine content 
of cinchona bark. For that reason modern 
analyses recording the proportions of the four 
chief alkaloids for a particular cinchona bark 
are rare, but such ns have been found are also 
included in Table I. 


Tahle I. 


u’ 

o 

g 

5 

Date of 
RUpply of 
linrk. 

Variety of bark. 

Total 

=' alkaloids. 

O 

c 

"a 

3 

a 

O' 

/O 

cJ 

a 

3 

3 

5* 

% 

o 

c 

’3 

a 

o 

"a 

a 

o 

O' 

/O 

C> 

a 

c 

o 

*0 

c: 

o 

% 

« 

O tn 

Co 

% 

1 


C. officinalis (crown bark) 

5-48 

309 

0-14 

1-34 

0-32 

0’59a 



C, pitayensis (hard pitayo) 

6-66 

2-42 


0-19 

0-98 

2’25a 


1870 

C. Calisaya (yellow’ bark) 

4-12 

2-00 


0-4G 

■a«i« 

0-90a 


1805 

C. Calisaya (yellow bark) 

5-80 

3-Gl 

OdC 

0-75 

0-34 

0-93o 

5 

1914 

C. Lcdgcriana 

9-10 

7-92 

0-08 

0-10 

0-08 

0-91 

G 


It 

6-13 

4-14 

0-17 

0-54 

0-38 

0-886 

7 

1925 

»» 

Hybrid bark 

5-79 

4-14 

0-44 

0-3G 

0-25 

O’COc 

8 

1925 

4-54 

2-87 

0-34 


0-4G 

0-54C 

9 

1888 

C. suceirubra (red bark) 

0-25 

1-40 

— 

2-25 

1-92 

0-C8d 

10 

1021 


G07 

1-14 

— 

1-43 

1-73 

l’76c 

11 



6-29 

2-05 

0-11 

1-47 

1-41 

1-25/ 

12 


C. robusla 

G-8G 

201 

— 

2-42 


1-31/ 


(n) Thc.so analyses are from records of John Eliot Howard and tho results must bo accepted 
with reserve, ns at tho dates mentioned tho methods of separation of tho difleront alkaloids 
were very rudimentary. 

(h) Howard, Trans. Roy. Soc. Trop. Med. Hyg. 1924-25, 18, 358. Average composition of 
Java bark, 1919-23. 

(e) Gage, ibiil., p. 350. 

(d) Hooper, *' Year-book of rhnrmnc 3 %” 1883, p. 430. 

(f) Howard and Chick, ibid. 1923, p. 037. 

{/) Barks from Tanganyika examined by Worslcy, Bull. Imp. Inst. 1935, 33, 22. 


Comparison of these analj-scs establishes the 
suj'vcriorit^' of Calisa^va bark, even in 18G3, as a 
source of quinine, and nnnlj'scs Nos. 5 and 0 
indicate clcarl^' that Dutch c.aro of its lineal 
descendant, C. lAfdgcriann, has improved the 
j'ield of alkaloids, tho proportion of quinine 
present, and, what is equallj’ important, has 
cfTected a reduction in the projKirtion of cin- 
chonidinc, the alkaloid which persistently 
accompanies quinine, and whose control is the 
principal objective of most pharmacopccial 
testa for impurities in quinine sulphate. 

In the c,arl\’ daj-a of cinchona planting, 
nttempt.s were made, especialh' Iw do Vrij in 
Java, to jK>pidari«e the total alkaloids of tho 
Kark ns an anti-malarial drug, but the rapidity 
with which the discovery of quinine wa.s 
Voi,. 111.— 9 


followed by the manufacture of this alkaloid 
in France and England, coupled with the 
persistent advocacy’ by’ Moens in Java of 
cinchona cultivation for quinine production, 
soon secured for quinine a dominant position as 
compared with the other cinchona alkaloids, 
which it still occupies and is likely’ to retain. 
Analy.scs Nos. 7 and 8 relate to “ ledger ’’ and 
hybrid barks produced in India, where these 
barks arc still grown to meet tho needs of tho 
Government quinine factories in Madras and 
Bengal, which, however, also use considerable 
quantities of Java bark. The two analyses 
Nos. 9 and 10 serve to illustrate the striking 
dinfcrence in tho relative proportions of tho 
various cinchona alkaloids in C. tvcciruhra 
bark as compared with ledger and hybrid barks. 
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No. 9 is descnb«I by Hooper as that of a 
typical red bark, beinj the average of analyses 
of a hrgp number of Indian grown samples 
No. 10 IS an analysis of an arerage red bark of 
Indian ongtn Nos. 11 actf 12 arc barks from 
Tanganyika Territory. Partial analyses of 

ledger,” hybrid, and snccinihra barks from 
Tanganyika Territory have been made by the 
Impenal Institute (Bull. Imp. Inst. 1018, 16. 
3S7 ; 1920, 18. 22), by Greenish and CoriSeld 
(” Year-book of Phannaey,” 1923, p C32), and 
by Goodson and Henry fPharm. J 1930. 124, 
3oI), and complete analyses by Worslcy (It-). 
«ho also gives an account of the progress and 
working of these plantations since 1918 

As a matter of histoncal mterest, it may be 
recorded that in the late nineteenth century a 
considerable quantity of cuprea bark was sold 
in the London market This bark was obtained 
from Rtmijia j>tduKCMlaia, a near relative of the 
cinchonas, and vas remarkable in containing 
quinine and the corresponding phenol cupreine, 
some cinehomnc and quinidine were also present, 
but no einchonidme 

2. Eitsaciio'j or Alksxotiis — ^Tbc descrip- 
tions of processes quoted below refer both to 
extraction of the alkaloids for the purposes of 
nnalyru and as a first Step in manufaetnK 
The underljmg pnneiplos are the same for both 
objectives The alkaloids occur in the bark in 
combination vith acids, and it is necessary to 
liberalo them from these natural salts to order 
to farilitato extraction by immiscible solvents 
such as ether, chloroform, benzene, or petroleum 
The first step, therefore, is to grind the bar> 
finely, usually to a powder that will pass a sieve 
with 40 meshes to tho linear inch This powder 
IS then moistened and mixed nub ao alkali, 
usually time or soda hme, and left to stand 
until tho action is complete, after which the 
mixture is dried, reground if necessary, and 
extracted with the selected solvent 

Zcbcl(Chem Ztg 1891,15. 735) descnbesfhc 
comtnercial process thus ■ The finely powdered 
bark IS ground to a thin paste with hme. sodium 
hydroxide or sodium carbonate, and extracted 
with warm paraffin oiL On standing tho oil 
separates, when it is run off and shaken with 
dilute eulpbunc acid . this acid solution is 
boiled, and while boiling u neutralised, to btoius 
paper, with sodium carbonate. Quinine sulphate 
crystallises out on cooling, while ciocbonidine, 
cinchonine, and quinidine remain in solution as 
sulphates. The quinine sulphate u purified bv 
recry stallmtion from water after treating mth 
animal charcoal. The mother-Lquor containing 
the other alkaloids u treated with sodium 
liyOroxido and the precipitate of quinidine, 
rincbooidine. and cinchonine extracted with 
dilute alcohol, which dissolves the first two. 
leaving cinehomne behind ; the two former 
can then bo separated by means of tbeir 
neutral tartrates, that of quinidine being con- 
siderably the more soluble. 

Landnn (Compt. rend. 18S9, 108, 750) gives 
the following description of a small-scale extrac- 
tion : 300 e of bark are powdered and passed 
through a No. 40 sieve, then mixed thoroughly 
with I litre oftnilkofvxla-UineeontaiaingiSB.of 
quicklime and 75 g of solution of sodium hydrox- 


ide (spgr. 1-375). To thU mixture, diluted if 
necessary by adding a little water. 2 htres of 
petroleum arc added, heated to 100“ for 20 
mmutes. with constant agitation ; tho oil is then 
decanted and the extraction repeated with a 
second 2 htres The 4 litres of extract are 
washed twice with 75 c.c. of lO^o sulphuric 
acid added to 150 c c. of water: and a third 
time with one third of these quantities. 

A recent example of a smaU scale extraction of 
*' ledger ” and hybrid bark m Tanganyika 
Territory is quoted by Worslcy (1 c.). 

Schwyxer (” Dia Fabnkation der Alkaloide,” 
Spriflger, Berlin, 1927) provides a detail^ 
account of a small scale extraction and a full 
account of factory operations with diagrams of 
plant (see al&o Vetter, Festschrift E C. Bareli, 
Basel. 1936, 541). 

Tho following general processes may be 
quoted as typical of extraction methods for 
analytical purposes. The reagents mentioned 
are those prescribed m tho pfiarmacopceias, 
which must be consulted for particulars as to 
strength, ete. Tho “ Bntish Pbarmacopceia," 
1932, proceeds as follows • 10 g. of bark in 
about No 60 powder are thoroughly mixed 
with 7 5 c c. of strong solution of lead sub 
acetate diluted «ith 12 S cc. of water, and set 
aside for 1 hour. 50 ec o ammomieal 
alcohol are then added, the nbole again mixed 
and left standing for I hour The preparation u 
next transferred to a continuous extraction 
apparatus, where, with a httle more of the 
aiumotuacal alcohol, it u extracted for about 
4 bouts Tbe bulk of the alcohol is removed from 
tbeextract, lOe c of.V SDlphuricsctdaDd40c e. 
of water added, the mixture heated to boiling, 
then allowed to cool and filtered through a tight 
plug of cotton wool, previously wetted, into a 
separating funnel. The residue m the flask is 
treated with 25 to 20 c.e. of boiling A'/IO- 
sulphuric acid, and the aud extract, after cooling, 
also filtered into tbe separator. The flask and 
I the cotton wool plug are finally washed with cold 
I water, acidified with dilute sulphuno acid, until 
I alkaloids are completely extracted. 20 c.c. of 
' chloroform are now added to the separator, the 
ronlenta shaken thoroughly, and tbe chloroform 
run off into a second separator and any alkaloids 
. cctnoved from it hy agitation with 5 c c. of A'- 
I sulphunc acid diluted with 15 c c. of water, the 
chloroform bemg then rcj'cctcd and tho acid 
extract used to treat in the same fashion two 
further extractions, each with 20 c c. of chloro- 
form. of tbe contenta of tbe first separator. This 
final acid extract is transferred to the first 
I separator, excess of dilute solution of ammonia 
j added, and the alkaloid completely extracted 
' with successive quantities of chloroform. The 
combined cblorofonn extracts are washed with a 
little water, the solvent distilled off, and tbe last 
traces of chloroform removed by dissolving the 
rceidoe in 5 c c. of 95% alcohol, which is then 
evaporated, and the residue dnod at 100* and 
weighed. 

The following is a summary of the process 
prescribed in the ‘‘United fetates Pharmaco- 
poeia.” 11th Rev. (1936). 6 g. of bark in fine 

E owder and 15 c.c. of 3% hydcocblonc acid are 
cated in a 500 c c. flask on a water-bath for I 
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Iioiir. To llic roolcfl mixture 200 c.c. of cther- 
rliloroforni Bolution (chloroform 1, ether 31 and 
]0 e.r. of the Btronger ammonia lest solution 
are added; the uell-stoppcrcd flask is shaken 
mcchanitally for 1 hour, left standing over- 
riight, and again shaken for half an hour next 
morning. The dnig is then allowed to settle, 
ICO c.c. of the clear cthcr.chloroform liquor, 
representing 4 g. of drug, transferred to a 
Fcparator, and the alkaloids completely extracted 
with 0% sulphuric acid. The acid solution is 
made strongly alkaline with ammonia tost 
solution and tlic liberated nllmloids extracted 
with chloroform. The solvent is distilled off in 
a tared flask and the rc.siduo dried at 100’ and 
weighed. The weight multiplied by 25 gives the 
percentage of alkaloid.s in the hark. 

The “ British I’harmacopccia,’’ 1032, specifies 
for the manufacture of galenical preparations 
the hark of C. CoJi/tayn Weddell, C. Lcdgcriana 
Moens, C. offirinnUs Linn., C. .•iiicciruhra Pavon, 
and hybrids of either of the last two with either 
of the first two. The hark must contain not Ics.s 
than 0% of alkaloid.s, of which not less th.an half 
must consist of quinine and cinehonidine. The 
total alkaloids arc estimated by the “ British 
I’harmaeopmia,” 1932, process described above. 
In the total alkaloids so obtained “ quinine 
and cinehonidine ’’ arc c.stimatcd together by 
pivcipitation ns the mixed tartrates, from which 
the bases are recovered and weighed ns such. 
'J'wo examples of the tartrate precipitation 
proce.ss aro given below and it is, therefore, 
unnecessary to de.scribo in detail the “ British 
I'lmnnacoprein ” method as used for the total 
alkaloid.s of the bark. 

The “ L’nitcd States Phnrmacopmia ” (lllh 
Bcv., 1930) prescribes the dried bark of the stem 
or root of C. fitcciriilira or its hybrids, or of C. 
Tictlgrrinna and C. Calisaya or hybrids of these 
with other Cinchona spp. The bark must con- 
tain at least 5% of alkaloids as e.stimated by 
the “United .States Pharmacopccia ” process 
described above. 

'J'he " Orman Pharmacopccia,” 4th cd., 
192(1, specifies the bark of C. snccirnbm, and 
re<juire.« it to contain 0-5% of alkaloids 
calculated ns r|uininc and cinchonine (mean mol. 
ut. 309-2) and determined by titration of the 
extracted total alkaloids with methyl red ns 
indicator. 

3. .\x,\i.VTic.\i. (n). — Estimation of Indi- 
vidual Alkaloids. Thcplmrmacopocial methods 
described above are not only examples of pro- 
ce‘-scs for the extraction of cinchona alkaloids, 
they aho provide modes of estimating the total 
alkaloids in a siiuidc of bark. In the total 
alkaloid.s so extracted it is nearly always neces- 
sary to estimate quinine, or onininc and cin- 
rhonidinc, and sometimes each of the four chief 
nlk.aloids. It must be n’membered that the 
c-limalion of one component in a mixture of 
orgiinie subst.ance.s c.in rarely 1k‘ etfccted with 
the accur.acy characteristic of the majority of 
<1( terminations of constituents of inorganic 
mi\Hirc«. Of the numerous methods th.it have 
l«-i‘n dcvi-isl for dc.ding with mixtures of cin- 
I bona alkaloids, probably the best is that 
of Howard and Chick with a .slight niodification 
intreahu-cd by Cluck (.Mien’s "Commercial 


Organic Analysis,” 5th ed., vol. VII, p. 426). 
This method has the advantage that it provides 
an estimate of the possible jdeld of quinine 
sulphate from .a bark, but it .should bo reah'sed 
that when this method is applied to the total 
alkaloids of two barks, such as No. 5 and No. 9 
in Table I, the quinine sulphate from No. 5 
xvill contain less cinehonidine sulphate than that 
from No. 9. Goodson and Henrv (Pharm. J. 
1930, 124, 351 ; Quart. J. Pharm. 1930, 3, 238 ; 
1932. 5. ICl) have examined the “ quinine 
sulphate,” “ cinehonidine tartrate,” “ quinidino 
hydriodide,” and “ cinchonine ” obtained in the 
application of this process to certain mixtures of 
cinchon.a alkaloids, differing materially from 
those characteristic of the total alkaloids of 
“ factorj' ” bark and have shown that in such 
e,ases the precipitates obtained need examina- 
tion. Howard and Chick also point out in 
the description given below that the quinine 
sulphate obtained is not to be regarded ns pure. 
The method docs, hoxvevcr, give good results in 
skilled and experienced hands, and the in- 
experienced, before attempting it, should 
practise the process on cinchona alkaloid mix- 
tures of known composition. 

To obtain satisfactory results by Howard and 
Chick’s method a quantity of alkaloid of about 
5 g. should bo available. It is desirable to start 
the assay with the estimation of the total 
alkaloids, ns this ’simplifies the subsequent work 
and the result is a useful check on the estimation 
of the individual alkaloids. For this purpose it is 
only nccc,ssnry to evaporate to constant weight 
the extract obtained by any of the methods 
described under the previous heading; or, in the 
case of the p.arafTin and sulphuric acid extraction, 
to make alkaline xvith sodium hydroxide, wash 
out with chloroform, evaporate to drync.ss, and 
dry to constant weight at lOO’-llO®. Having 
obtained the weight of total alkaloids, add 3 c.c. 
of 10% sulphuric acid for every gram of alkaloid, 
and warm on the steam-bath till complctcl,v dis- 
solved. Then add 80 c.c. of distilled water for 
cverx’ gram of alkaloid, boil, and xvhile boiling 
ncutraUso exactly to litmus paper xvith dilute 
ammonia solution (10%). On cooling for 2 or 3 
hours with occasional stirring practically the 
whole of the quinine will crystalh’se out as 
sulphate, owing to its being almost insoluble in 
ammonium sulphate solution. Filter through 
counterpoised filter papers on the filter-pump, 
prcs.s the crj-stals down well, pumping ns dry ns 
possible, and following with two wa.shes of cold 
water each about equal in x'olumo to the bulk 
of the precipitate. The filter papers and 
crystals are now dried to constant weight at 
100’. The weight of anh 3 ’drous quinine 
sulphate found multiplied b_v 1-18 gives the 
amount of rough hydrated quinine sulphate, or 
by 0-SGS the amount of rough quinine alkaloid. 
This quinine sulphate is neither white nor pure, 
being usuallv contaminated with colouring 
matter and cinehonidine sulphate, and requires 
I further treatment. But with the pn-.sent-day 
l-edgeriana barks the weight max- be taken ns 
n-pn-senting the trueamount of quinine suljdiate, 
ns in some thous.ands of analv.se.s of this bark 
K'’ H. F. Howard and O. Chick, the amount 
of quinine sulphate left in the mother liquor 
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almost exactly compensated for the impurities in 
the crystals weighed. 

To the mother Lquor and washinfrs from the 
crystals add about 20 g. of Itochelle salt dis- 
solved in 30 c.c. of hot water, and stir occasionally 
during 2 or 3 hours. Cinchonidise is com- 
pletely precipitated as tartrate. This is collected 
on counterpoised filter papers at the pnmp, 
washed with three lots of cold water each about 
equal in bulk to the precipitate, which is then 
dried and weighed. This weight, multiplied by 
0-707, gives the cinchonidine allulotd. Should 
the bark contain ^eiy little cinchonidine, and 
no tartrate be obtained after standing 3 hours, 
it IS best to leave the solution for a full 24 hours 
to ensure complete precipitation. 

The filtrate is made alkaline with aodium 
hydroxide solution and shaken out three tunes 
with ether, using 100 c c of washed ether each 
time. The combined ethereal extracts are in 
turn extracted with three lota of 10^^ anlphunc 
acid using 10, 10, and See. respectively, and 
the acid Lquids transferred to a separator con- 
taining 2o c c. of ether Snfiicient sodium 
hydroxide solution is then added to render the 
Lquid distinctly alkabne and the whole well 
shaken and left to stand 1 hour. Cinchonine 
ciystalliscs out and is collected by filtration. 
The aqueous layer is shaken out twteo more 
using 2Scc of ether each time. The crystalline 
emrhonme u washed with the second lot of 
ether, then dried and weighed, and 0 08 g added 
to correct for the solubiLty of the alkaloid in 
ether. The combined ethereal liquids are 
extracted with acetic acid, the extract neutral- 
ised at the boiling-point with 10% ammonia 
solution, using scnsitiie litmus paper as an 
indicator, 5 g of aoUd potassium iodide added, 
and the Lquid allowed to cool and left 2 to 3 
hours to enable the quinidine hydnodide to 
separate The clear supernatant liquid is 
decanted through counterpoised filter papers, 
the precipitate is warmed with a little 00% 
alcohol to ilissolre amorphous alkaloidal 
hydnodides, the whole being then filtered and 
the precipitate washed with small measured 
amounts of 50^^ alcohol until the quimdino 
hydnodide is pale jellow in colour. The 
precipitate is dried, weighed, and 0 0008 g 
added to the weight for each c c. of CO^g alcohol 
used The corrected weight multipLed by 0 717 
gives the amount of quinidine alkaloid present 
The filtrate is evaporated nearly to dryness 
with the addition of enough dilute sulphunc' 
acid to keep the remaining bases in solution, 
transferred to a separator, made alkabne, 
anil the amorphous bases extracted three times 
w ith ether using 25 c c. each time. The ethereal 
extract* are evaporated to dryneas and the 
residue weighed as amorphous alkaloids. 

Tolaijuina —Estimation of the component# in 
mixtures of cinchona alkaloid* has assumed 
greater importance owing to the introduction by 
the MaUna Commission of the League of Nations 
of " totnqutna," defined as containing at least 
70^0 ciystallino alkaloids of which not less 
than 15% must bo quinine, with not more than 
20^0 of amorphous alkaloids, and moisturo and 
mineral matter not more than C% each. The 
“llntish Phsrmacopccia," 1032, ha# modified 


this definition to “ totaquina is a mixture of 
alkaloids from the bark of dndiona tvtciruhra 
Pavon, Ctnehona rob’uta Howard, and other 
suitable species of Cinchona. It contains not 
less than of crystallisable cinchona 

alkaloids, of which not less than one-fifth is 
quinine.*’ Totaquina may bo mndo either by 
extracting the total alkaloids of a euitable 
cinchona bark (T^P® A) or by using the residual 
alkaloids left in quinine factories after the 
bulk of the quinine has been extracted, sufficient 
quinme being added to bring the product up to 
the required standard (Type B). These two 
types of totaquina differ considerably in com- 
position, but the pharmacopceial process is 
designed to deal with both. 

“BrtiuK Phamaeopccia" Method for Tola- 
qutna — mixture of 2 g of totaquina with 
20 cc. of A’.sulphunc acid, 40 c c. of water, 
and 40 c c of 05% alcohol is heated to boibng 
and, while still hot, made just alkabne to 
litmus by addition of A'/H* sodium hydroxide. 
To the cooled bquid iV/10 sulphuric acid is 
added drop by drop until the solution l* 
shghlly acid to btmus the bquid is then boiled 
for 1 or 2 minutes, cooled, and rendered sbghtly 
acid to btmus if necessary, boiled, and filtered 
into a tared flask, the onginal vessel and filter 
being washed with boibng water until all the 
alkaloid isextracted. The washings are added to 
the filttate. which » then evaporated to about 
120 g , 30 g of powdered BoebeUe salt are 
added, the mixture shaken to complete solution 
and act aside for 24 hours The precipitated 
tartrates are collected on a hardened filter, the 
flask andfilter beiog washed with 60 c 0. ofa20?o 
(weigbt/volume) solution of Hocbello salt used in 
suitable portions. The filter and washed pre- 
cipitate are returned to the flask, shaken with 
40c.c. of solution of sodium hydroxide and 60 e o. 
of chlorofonn and set aside, with occasional 
amtation, until complete solution la effected. The 
chloroform solution is then separated, the ilask 
and the aqueous bquid being washed with 
chloroform m portions until all the alkaloids are 
extracted. The combined chloroform solutions 
are washed with a bttle water, the solvent 
evaporated, the last traces being removed by 
dissolving the residue in 5 c c. of alcohol, which u 
then evaporated, the final residue being dried 
and weighed as quinine and cinchonidine. In 
this residue the amount of quinine is estimated 
by a methoxjl determination using 02 g; 
1% of methoxjl IS taken as equivalent to 10-45% 
of qumine. The procedure for the estimation of 
emchonine and quinidine in the filtrate from the 
quinine and cmchonidine tartrates i* sub- 
stantially that of Howard and Chick described 
above, and the sum of the percentages of these 
four alkaloids found is taken as the percentage 
of crystaUisahle alkaloids. 

Instead of estimating quinine and cinchonidine 
by either of the two processes described above, 
the two alkaloids may be precipitated together 
as tartrates and the content of each deter- 
mined polanmetncaliy. This plan forms part of 
Iho foUowing process devised by Howard os 
particularly suitable for cinchona febrifuge {Me 
Quinetum), and also for totaquinasof tjy* B, 
and was adopted a# an alternative method by the 
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Committee of Experts appointed by the Malaria 
Commission of the Ixnguo of Nations to investi- 
gate the standardisation of totaquina (CH/ 
Malaria 183, Geneva, 10/10/1932). 

Committee Method for Totaquina . — Ten grams 
of the product are dissolved in oO c.c. of 10% 
liydrochlorio acid, the solution being transferred 
to a largo separator containing 750 c.c. of 
avashed ether. Excess of ammonia solution 
(sp.gr. 0-059) is added and the mixture shaken 
vigorously. The crude cinclionino which re- 
mains undissolvcd is illtcrcd out at the 
])ump, the filtrate separating into two layers, 
(a) ethereal, avhich is returned to the first 
separator, and (i) aqueous, which is placed in a 
second separator, where it is re-e.xtractcd with 
another 500 c.c. of ether, which is added to the 
first lot, the aqueous liquid being rcsen'cd for 
further treatment. The crude cinchonine is 
w ashed, first avith 50% alcohol and finally aa-ith 
acetone, until the washings in each case come 
through nearly colourless, after avhich it is dried 
and aveighed. The avashings are evaporated to 
dryness and the residue of amorphous alkaloids 
aveighed. The combined ethereal solutions arc 
avashed out three times aa-ith 5% tartaric acid 
solution using 100 c.c., 50 c.c., and 20 c.c. con- 
secutively ; the united acid liquids are heated 
to boiling, neutralised to litmus paper aa-ith 
20% sodium h 5 -droxido solution, sot nsido for 
18 hours to allow complete precipitation of 
quinine and cinchonidine tartrates, and tho pre- 
cipitate collected, avashed with ns little cold 
avnter as possible, dried, and weighed. In it 
quinine and cinchonidine are determined polari- 
metrically hj- tho method described boloaa-. 

The filtrate is transferred to a separator, excess 
of 10% ammonia solution added, and the 
mixture extracted tavico avith ether using 500 c.c. 
each time. Tho aqueous liquid is added to 
tho original aqueous liquor already reserved. 
The combined ethereal solutions arc extracted 
three limes aaith 2-5% sulphuric acid using 
SO, ‘10, and 30 c.c. consecutively ; these acid 
extracts are mixed, rendered alUalino aa-ith 10% 
ammonia solution, shaken vigorously aa ith 50 c.c. 
of aanshed ether, and tho mixture left standing 
24 hours to nlloaa- a further quantity of cin- 
chonine to crystallise out, avhich is collected, 
dria'd, aveighed, and tho aveight added to that 
of the cinchonine already isolated. The filtrate 
is shaken out aa-ith taa-o further lots of ether, 
500 c.c. each, and the aqueous liquid added to 
the tavo aqueous liquors already reserved. Tho 
uniti-al ethereal extraeta arc then shaken out 
three times aa-ith 2-5% sulphuric acid using 50, 
•to, and 30 c.c. consecutively ; tho mixed aci<l 
extraeta arc heated to boiling, neutralised to 
litmus aaith 20% sodium hydroxide solution, 
excess of ]aoaaeirrcd potassium iodide, about 
10 g., added, and the solution left st.anding over- 
night, The liquid is then poured off and added 
to the re.'era etl aqueous liquids ; the precipitate 
is aat'll stirra'al avith 20 c.c. of .50% alcohol and 
the mixture aaanned to about 50'C. to dissolve 
aimirphouH hytiriodides. Tho quinidino 
hydrioalide is then iiltcreal oil, avashed as 
eeonomir.ally n.s possible avith aa-arm .50% 
alcohol until apparently free from amorphous 
hydriodides, then dried and aaeighed. Tho| 
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weight multipb'ed by 0-717 gives the amount of 
quinidine base. 

The bulk of the alcohol is evaporated from 
the filtrate, tho residue of the latter added to tho 
alkah'no liquors already reserved, and tho aa-holo 
extracted aaith a mixture of benzene and amyl 
alcohol (3:1) ("British Pharmacopoeia,’’ 1914). 
This extract is then evaporated to dryness 
and tho weight of tho amorphous alkaloids 
left added to that found in tho initial extraction 
to give tho total amorphous alkaloids. 

Polarimelry of Tartrates . — If tho precipitate of 
tartrates of quinine and cinchonidine is too 
dark-coloured to be used as such for polarimetric 
reading, it is recrystallised by the following 
procc.s 3 ; About 0-8 g. of tho precipitate, dried 
at 90° to 100°, is mLxed xvith 15 c.c. of a cold, 
saturated, aqueous solution of quinine and 
cinchonidino tartrates, 1-5 g. of tartaric acid 
added, and solution effected by boiling, 0-02 g. of 
decolourising carbon being added. Tho solution 
is then filtered, about 5 c.c. of a cold, saturated, 
aqueous solution of quinine and cinchonidine 
tartrates being used to wash tho carbon on tiio 
filler. Tho filtrato is raised to boiling-point 
and at that temperaturo neutralised to litmus by 
sodium hydroxide solution and set nsido with 
occasional stirring. Tho purified tartrate pre- 
cipitate is filtered off, washed with 3 lots each of 
5 c.c. of cold, saturated, aqueous solution of 
quinine and cinchonidino tartrates, then with 
5 c.c. of distilled water and finally dried at 
90° to 100°C. and weighed. 

For tho polarimetric determination 0-5 g. of tho 
purified tartrate is dissolved in 5 e.c. of A- 
lij'drochlorio acid, made up to 20 c.c. at 17°C. 
with distilled water and tho optical rotation read 
in a 2 dcm. tube. Pure quinine tartrate under 
these conditions gives a rending of —10° 60'nnd 
each decrease in tliis readiug of 2° 05' represents 
1% of cinchonidino tartrate. Tho weight of 
tartrate X 0-80 = weight of free alkaloid. 

(5) Examination of Commercial Quinine 
Salts. — Most pharmacopcoins specify standards 
for quinine salts and prescribe tests with which 
the salts must conform. The principal impurities 
to bo dciilt -with are cinchonidino and hydro- 
quinine. Tho latter is not of practical import- 
ance ns it is now well established that hydro- 
quinine is at least ns effectivo in tho treatment of 
malaria as quinine, and as it is more costly 
it is not likely to occur in quinine in abnormal 
quantities. JIuch labour has been expended in 
dcvHng methods for tho detection of other 
alkaloids, and particularly cinchonidino, in 
quinine sulphate. 

Kerncr's Test. — Man}' of these tests aro of 
little more than historical interest and most 
pharmacopceins now rely upon either Kemer’s 
test or a polaximetric test to ensure the absence 
of an undue proportion of cinchonidine. Kerncr’s 
test (Z. anal. Chem. 1SG2, 1, 1.50 ; Arch. Pharm. 
1878. 14, 438 ; 1SS7, 25. 712, 749) depend-s upon 
the fact that quinine sulphate is tlic Ic.ast soluble 
of the sulphates of the cinchona bases ; and that 
quinine is the most soluble of the common 
cinchona ba-'cs in dilute ammonia. 'When 2 g. 
of pure quinine sulphate is shaken with 20 c.c. 
of w.atcr at C0° for some time, and then cooled 
to 15° for nt least half an hour, to prevent .super- 
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saturation, it gives & Citrate which precipitates 
aith aqueous ammonia (tpgr. 0 9o9], the pte- 
rlpitatc just redissolving when 4 3 e c. of dilute 
ammonia solution have been added. Quinine 
sulphate conlairung any of the other cinchona 
eulphatfs, when treated in this manner, requires 
more ammonia to give a clear solution ; and by 
this means some idea of the punty of the 
quinine sulphate is obtained. The details of 
(he test as prescribed m different pharma- 
copceiis ^ary considerably, and there has 
been much dL«eussion as to the best form 
Quinine sulphate containing about 5% of 
rincbontdine and hj droquinine sulpbatrs will 
require l>ctneen 6 and 7 c e of ammonia, while 
one containing about lO^J, of these impurities 
will require about 10 c e. Points to be noticed 
in appijing the test are that the weighta of 
qiiinmc sulphate and water taken do not. 
within reasonable limits, affect the result , the 
solution should bo cooled gradually to 15°, but 
not below , and retained at that temperature for 
not less than 30 minutes, the filtration should 
be rapid and tbc miving tarcfull.i done by gentlj 
rotating and tilting tbc testing tube, otherwise 
clotting of tho precipitate ma\ take place and a 
false result be obtained This test is greatly 
influencetl bj tbo presence of free quinine, when 
the result raaj be much in eseesa of that requircil 
fur A neutral sulphate of the same degree of 
puritj (I) Howard, Phacm J 1890. li»l. 3, 
602) , and also by tho presence of alkaline 
sulphates, which make it appear purer than it is 
(Tutm. Pharm J IttOt). [iv], 29, COG) These 
points sbouM be asccrtainoil by testing tbe 
tiltralo for neutrabtj with litmus paper, and 
b.i ciaporalmg Gee to drsiness and constant 
wiight when the residue sliuuld not weigh more 
than OOOS g, showing the absence of aoluble 
inorganic salts (Higinelli.Monit bcient 1908,22, 
1 172) bhouM tho cooling of the mixture be 
earned out aboie 15* a larter amount of 
ammonia will be rcquiml. and between 15* and 
20* a coiTCition of 0 5 c c of ammonia for each 
degree alwic 12* may be applied. 

The following IS the form of this test adopted 
m the ■' llritish I’hannaeopmia.’’ 193J 1 g of 

quinine sulphate, whiih has U-cn dne«t at 50* 
for 2 hours, is boiled with 30 c e of water for 
1 or 2 minutes under refiuv in a 100 ce 
resistance gla*s tiask The flnsk is cooled to 15* 
by means of water at 15*. then corked, shaken 
vigoroualj-.and kept at 15* for 30 minutes with 
frequent shaking Tho contents are lillered 
rapidli through a filter-paper 8 to 10 cm id 
diameter 5 c e of the clear filtrate are trans 
fcrreil to a test tube : to this are added all at 
once C5 ce of a solution of ammonia, which 
must coiitsm not leas than lO^q (w,'») and 
tot nion than 102% (W/w) of ammonia, and 
h.nie a lemiieniture of 12* The content* of the 
tul>e are then inisetl giiitly without shaking. 
A cir.ir liquid should Lc pro<luccd at 12*. 

31je ■ I nited btites I’harmaeopceia ’* (llth 
l!ei , 1',I3C) prerenUu tho following form • 
bhake 1 S g of quinine sulphate, which must be 
iiiutnl or fjintli alkaline to litmus paper and 
1 Me Ksrn dfcrl at 20’ for 2 hours, with 20 cc. 
rf distillixl water at C.>° for 30 minute*. cckjI to 
l.'i' and Ml -I'uk at tins ti m]>eratiire- for 2 houts 


with occasional shaking. Then filter through a 
filter-paper of 8 to 10 cm. diameter and transfer 
5 «c. of the clear filtrate at 15* to a test tube 
and mix it gently (without shaking) with Gee. 
of ammonia test solution containing not le<s 
than lO^q and not more than 10 2°o of ammonia ; 
the ammonia solution must ako hare a tempera- 
ture of 15* and be addcti all at once, a clear 
hqmd should be pnxluetxl 

Kemcr’a test is designed for U'e with quinine 
sulphate and m order to apply it to any other 
salt of quinine, that salt must be conrerted into 
neutral quinine sulphate without change in the 
composition of tbe base Until recently the 
methoda of achieving this conversion left much 
to be desired Tho much improieil method 
'adopted in the “ British Pharmaeopieia,” 1932, 
may be aummansed aa follows, u«ing the ease of 
quinine hydrochloride, B HCI,2H,0, as an 
example 

Quinine hjdroci tondc (1 3 g ) is dixsolved in 
water (50 cc.) containing dilute sulphuric acid 
(5 ce) Dilute ammonia solution (2 ec) is 
added and the mixture extracted suceessiirlr 
with 30 and 20 ^ e of chloroform Eack 
chloroform solution is sliaken (wire with water, 
using 10 c c. each time, and using the same w ater 
for both lots of ihloroform The mixed chloro- 
form solutions are at once evaporated quickly 
©n a water bath, most, but not all. of the chluro- 
form being remoied The last traces of chloro- 
form are remoied by dissolving the residue in 
3or4e c of absolute alcohol and again ciapnrat- 
mg quickly on n water bath, with tlie bsip 
of a current of air, until a w lute opaque retiduu 
IS obtained. This is dissolved in JO ec. of 
aleobol,20ce of water adiled, and 1 c e of a 
002^0 ('i/v) solution of mcthjl red m alcohol 
(90^i)- The solution i* heated to 72* and at 
that teroperaturo A'/G sulphuric acid is care- 
fully addui, until the colour nntehes that of a 
solution at 20* prepared by miiirtg 2G c c of tho 
••British riiarmacopaja” solution of Pu 5 41 
with 1 ec. of a 002 solution (w/v) of mctli.il 
red in alcohol {00'’o). In this neiitrahintiun 
prorexsonh acid must bo U'cd and any necessity 
for the addition of alkali must be ai oided. Tho 
neutral liquid is then evaporated to drjnrsx m 
a porcelain or resistance gla«s dish on a water- 
bath.' and the dry residue powdereil and used 
. for the Kerner test as described aboie. 

I In tho “United States Tharmaeopceia " 
!(IUh Hot) tho mode of application of tho 
' Kemer test to quinine base and salts, other than 
th“ sulphate, is varied Quinino base » 
neutralixed to sulphate by dia«olving 1-5 g. of 
(ho ^80 dried at 100* m alcohol (25 ec) and 
hot water (20 c c ), adding enough .V -sulphuric 
acid (about 6 c c ) to make the solution arid, 
and then titrating back to neutrality with 
A'-sodium hydroxide, using methyl red as 
indicator. Eor the acid sulphate 2 5J g. of the 
salt B HjSO^.THjO is neutralise.! to methyl 
red with .V-sodium hydroxide solution. t\ith 
quinine dihydrochloridc, the baso iv recovered 
from I 8g of the salt B 2HCI, and converted 
to sulphate as devcribcl above for quinine base. 
For quinine and urea hyilroelilorido quinine, 
baso is also recovered from 3 g.of the #ub*tjiice 

C„H„0,N, HCI.CO(NH,), HCI,5H,0 
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nnd 1 ■!> g. of the dried recovered base neutralised 
aa described above for quinine base. 
neutral aqueous-alcoholic solutions of quinine 
Piilphnfo with some sodium sulphate produced 
in (ho foregoing processes are evaporated to 
dn'ncss anti tlie powdered dry residue used 
for the Kemer test ns described for quinine 
sidphalc. 

The pharmacopooial standards for quinine 
salts vary considerably, ns indicated by the 
different amounts of ammonia solution allowed 
for the production of a clear solution : C-5 c.c. 
in the “British Pharmacopccia” (1932), 6-0 in 
the “United States Bharraacopceia” {XI, 1930), 
‘1-0 c.c. in the “ German Diarmacopocia ” 
(VI, 1920), and 4-!> c.c. in the “ Dutch Pliarmn- 
copccia (V, 1920). The last-mentioned 

phannacoptria accepts the Kemer test for 
quinine suiphate, hut (he genorai method fbri 
quinine base and salts is a polariraotrio test, ] 


based on the allowed optical rotation, — 17-7° 
to — IS-O” for a di-milligram-moleculo of an 
hydrous quinine base in a calculated equivalent 
of a mixture of sulphuric and hydrochloric acids, 
the solution being diluted to 20 c.c. with water 
and read in a 2 dom. tube. Thus, in the case of 
quinine sulphate 782 mg., i.c. a molecular weight 
in mg. of the salt 

(CjoH,,0„N2)2-H„SO„2H20 

equivalent to 740 mg. of anhydrous quinine 
sulphate, (C2oH2402N2)2-HoS04, or to 648 mg. 
of anh}’drous quinine base, is dissolved in water 
with the aid of 0-5 c.c. of 4iV-snlphuricaeid and 
0-5 c.c. of 4AMiydrochloric acid and the solution 
made up to 20 c.c. and the optical rotation 
observed in a 2 dcm. tube. The equivalents of 
salt and acid used in this and some other cases 
are given in the following table : 


J 

] Plmmirtcojifrial Mibstancc and 
! fonmilu. 

Equivalent wt, for 648 iur. 
of anhydrous base. 

Acid to 

lA’-HCI 

be added. 

lA'-HjSO, 

Optical rotation In 
a 2 dciu. tube. 

Oninino base, C»„H,,0»N„ . 


0-5 c.c. 

1 C.C. 


Quinine hydrochloride, 
C.„H, 40 ,N 2 -HCI, 2 H 20 . 

0'7208 g. of anhydrous 
salt 

— 

1 c.c. 

-17-7° to -18-0° 1 
at 20°. This ' 

' Quinine sulphate, 
(C 2 oH 2 , 02 N 2 )j-H 2 S 04 , 8 H 20 . 

1 Quinine arid sulphate, 

! C2oH2,02N2-H2S04,7H20 

1 

( 

0’782 g. of Salt dried at 
60°-C0° 

0-5 c.c. 

0-5 c.c. 

value must be i 
lowered by 

0-844 g. of anhydrous salt 

0-5 c.c. 


0-023° for each I 
degree of tom- 1 
peraturo above ! 

20°. j 


Ill/droquitiiiic has until recently been tested 
for by dissolving the quinine sulphate in dilute 
sulphuric acid, cooling to 0° and adding a 4% 
aquco\is solution of potassium permanganate so 
long ns rapid decolorisation takes place. 
Tlie solution is then warmed, manganese dioxide 
fdtered out, washed, and the fdtratc and 
washings made alkaline and the liberated 
hydroquininc extracted uith ether, the solvent 
distilled off, and the rc.sidiio dried to constant 
a eight. Procc-s-ses less open to obvious objection 
arc cat.alytic hydrogenation in an apparatus 
arranged for quantitative work, such as that 
dr.serilied by Paget and Solomon (,1.C,.S. 1932, 
1198) and used by Buttle, Henry and Trevan 
for the e.stiniation of bj’dro-bascs in com- 
mercial cinchona alkaloids (Biochem. J. 1934, 
28, 420) or the mercuration process of Thron 
anil Dirsclicrl (Annalen, 1935, 515, 252), which 
depends upon the fact tliat each of the four 
primary cinchona alkaloids, in virtue of the 
prc-ence of a vinyl group in the molecule can 
combine with a molecule of mercuric acetate, 
uhilc the hydro-ba«es in uhich the vinyl group 
has l>ccn rednce<l to an ethyl group cannot Ik: 
merenrated in this fashion. The process is 
carried out ns follow.s : 1 g. of the b.ase (or an 
equivalent quantity of a salt) dissolved in G g. 
of 10”,^ .sulphuric acid is tre.atrd with 14 g. of 
a ItUo solution of mercuric acetate in 5% 
acetic acid, and the mixture warmed for 4 hours 
•at -in' to .50". When cold, 10 g. of ammonia 
solution (sp.gr. 0-9l'i) are added and the liberated ^ 


hydro-base extracted with ether; usually 20, 
10, and 10 e.c. in successive portions aro 
sufficient. The combined ether extracts aro 
washed with water, the solvent distilled olf, 
and the residue of hydro-base dried at 10.5° and 
weighed. The alkaUnc mother-liquor is acidilied 
with sulphuric acid, 0-5 g. of phosphorous acid 
added, and the solution heated to boiling for a 
short time. The clear liquor is then deeanted 
from the meremy formed, the latter washed 
with water, and the mi.xcd liquor and washings 
made alk.alinc with ammonia and the quinine 
extracted with ether. 

(c) Examination of Other Commercial 
Cinchona Alkaloids. — Apart, from quinine the 
only' cinchona alkaloid of therapeutical import- 
ance is quinidine, of which thesnlphatc is included 
in the British and United States “ Pharm.a- 
copooias." In addition to qualitative tests, 
c.y. the thnllcioquin reaction, both pharma- 
copceias require that (a) 1 g. of the salt shall bo 
soluble in 5 c.c. of a warm mixture of chloroform 
(2 vols.) with absolute alcohol (1 vol.), and 
(ft) that when 0-5 g. of the salt in 15 c.c. of boiling 
distilled water is mixed with 0-5 g. of neutral 
potassium iodide in 5 c.c. of distilled water, 
the mixture being then cooled to 15° and kept at 
tlrnt temperature for 1 hour with frequent 
npitathn, the tiltmto on addition of 2 ((rops of 
dilute solution of ammoni.a docs not become 
turbid within 1 minute. 

The four primary cinchona alkaloids are 
divisible into a l.'vvorotatory pair, quinine and 
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tiachonidine, and a dextro-rotatory pair, 
quinidino and cinchonine. In rommcraal 
Bpeoimens the two components of each pair 
usually contaminate each other, hut not the 
components of the other pair. Each of thefonr 
alkaloids is imually accompanied by ita hydro 
haso, and in cinchonine the amount of hydro- 
cinchciniue may be aa much as 14% and »n 
quinidme up to 20%. 

The author lias not been able to find in the 
litcralnro any satisfactory systematic method 
for the examination of comrucrcw! samples of 
quinidine, cinchonine and cinchonidine, but 
suggests that, beanng m mind the facta qucitcd 
above, it should be easy to evolie such a 
method «hen required, tg in {!) cinchonidine, 
the probable impuntics are (2) quinine, (3) 
hydroqiiininc, and (•1) Lydrocinchonrdine The 
vinyl I>asc8 (1) and (2) can be separated quanlita 
tiTch from the hydro bases (3) and (4) by Thron 
and Dirscherl’s mercuralion process (eee obon), 
and a methoxyl determination in (l)-l-(2). ancl 
(3)-|-(4] thus recoaered nill give the amount of 
qiiinicie and hydroquinino prc«cnt respectively, 
cr the amount of each component in each mix 
tiire may be arruod at by a pojanroetnc 
estimation. The author has found it con- 
venient in dealing with mixtures of cinchona 
alkaloids to determine tho roUticn for a J//'I0 
solution oftho baseu) .V/IO sulphuric acid The 
specific rotations for carefully punGcil specimens 
of the eiglit principal cinchona alkaloids under 
these conditions are as follows (Duttle, Henry', 
and Trctan, } e.) : 

Quinine . . — 2S4 5* 

llidroquiniDO — 23'»7* I 

Cinchonidine —1730^ I 

Hy drocinehonidino — 144 6* 

Quinidtne -l-SIt 2* 

Hydroqumidine -f2{)0 0* 

Cinchonine •S263 7* 

lly drocinchoninc -J- 223 8* 

The figures are for anhydrous base in each 
ca.»e, but theequnslentorBir dry bsacis weighed 
out for the detcmination 

4 CrSEIUL I'RorEBTlM 07 TTIE ClxmoNA 
At.Kst.otns —The eight pnncipal cinchona, 
alkaloids nlioie mentioned (le. cinchonine. I 
quinine, their ttcrcMisomendes and dihydro- 1 
dcnvatiies) are white, odourless but inlen'cly 
bitter, high melting, cryst.sllinc solids. The 
base* are almost insoliiblo m water or oqueous 
solutioa* of salts and alkalis, but disaohe, in' 
general, in dilute imncral acids and in a vaiicty 
of organic aolvents 

The four alkaloids which contain a mrtliosyl 
group (quinine, etc.], dissolved in much dilute 
aulphunc, nitne, or other oxy-acid, exhibit a, 
Mne fluorescence, which is particuHrly intcn*c| 
when Tiesrcd in ultra violet light and allows of. 
the detection of niinuto amounts of quinine (see. 
<7 Canals and I’eyrot, Coinpt rend I!>3t, 103, 
”46). Solution* in tho halogen htdraeids sre 
not fluoo-sient ; the addition of such an aeid 
tu a solution of quinine in an oxy -acid weakens, 
and may even destroy, its tiiioreseonce, For a 
qualitativcconneition betwrrn IheappeaTanteoI 
l!uore*cenrr and the chcmicvl constitution of the 
alkaloids and tbcir dcniativca ttt Hate and 


I Maiscball (Annalcn, 191 1, 382, 360). .A spectro- 
|gnphie method of determining cinchona alka- 
loids has been proposed by van Arkel and van 
ider Widen (rharm. Weckbl. 1935, 72, 1198; 

1 1937, 74, 1514). 

I The cinchona alkaloids respond to tests with 
' (he usual alkaloids! reagents and precipitants (see 
I At.cstxsro3). Characteristic of the tacthoxylated 
I alkaloids are tho iJuilUtajvin and en/fhroguin 
I reactions. The former (Brandcs, Andre) is earned 
I out as follows : to an aqueous solution of, for 
' example, a quinine salt, or to quinine dissolved in 
I dilute acetic acid, is added a alight excess of 
Ichtonne or bromine water or a aoIutioQ of 
I bleaching powder, followed by an excess of 
ammonia giving nse to an emerald green 
I coloration or precipitate, depending on the 
I amount of quinine present The reaction is 
said to be weakened or inhibited by calTeme. 
anlipyrine and other substances. The erythro- 
quin reaction (Vogel, Abensour) i* cam«l out 
m a similar fashion, except that before adding 
the ammonia, a drop of lO'^g potassium ferro- 
or fern cyanide is added , the coloration 
produced u red *. this rcaetion is said to be even 
more delicate than the thalleioquin tcet. The 
most debeato test however i* that afforded by 
the fluoreacence already mentioned 

Tho cinchona alkaloids aro strongly optirolly 
active. They fall into two groups of four, the 
dextro- end Isve rotatory senes respectively. 
To (be former belong cinchooine, qumidine, and 
tbcir dibydro denvatives ; eincbonidine, qum 
me. bydrarinchonidinc, snd hydroqumine are 
Ixvorolatory. In general, the rotations of the 
bases la alcohol are of tbe same order of magni- 
tude as those of the neutral salts (B HA) m 
•water The rotations of the Balls, howcNtT, 
progressively increase m arithmetie Tallin with 
addition of acid., A maximum is reached at 
about the stage at which tho amount of acid 
added sufllcea to convert the neutral aall into 
the acid salt (B2HA); with further additions 
of acid the rotation slowly falls This charac- 
teristic behaviour was first observed by Hc**o 
(Annalcn, 1873, 166, 217, <8fe aUo Oudemans, 
■&!</ 1870, 182. 33 s 1670, 197, 43 : 1631, 209. 
33; Kec trav. chim. 1882, 1, 18; Liquicr, 
Compt. rend. 1926, 163, 193; Dietzcl and 
Soltncr, Arch. Pharm. 1930, 268, C29; Lapp. 
Compt. rend 1932, 165, 243; Bull. Soe ehitn. 
1935(v 1. 2, 1407 ; Emde, Helv. Chini. Acta, 1932. 
15, 539, Ludwiczftkowna and Sunko, Bull. 
Acad. Polonaise, A. 1034, 402). 

Tbe cinchona alkaloids aro strong dixaJic 
bases, which form two senes of salts, vtr. neutral 
salts B HA (calJeil “basic" salts in France), 
and acid salts B 2HA (m France “neutral" 
salts) 8 4 HA is also occasionally met with. 
The neutral salts are neutral or faintly alkaline 
to Ltmux ; the acid salts are acid to litmus but 
neutral to methyl orange or Congo red. Tht« 
are. in general, eolourle**. crystallino solid*, 
which tend to Vcome discoloured on exposure 
to light. It has been claimed that eiTOsure of 
eincbona alkaloid salts in aqueous solution to 
diirct sunlight gives nso to the einchonstoxines 
(seep. 142), the solutions becoming In the course 
of time yellow or even brown m colour. 

Tbe alkaloids arc not very stable. Tlie toxioes 
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just mentioned, fonned when the acid snlphates 
or tartrates are heated to melting, result also 
on so mild a treatment .as boiling in dilute 
acetic acid solution, which, indeed, is more 
certain of its elTcct than tho nso of mineral 
acids. With more concentrated mineral acids 
tho unsaturated alkaloids undergo complex 
isomerisation and transformation (fee Section 
rxJ, p. 149). 

In temperate climates tho cinchona alkaloids 
are used mainly ns bitter tonics and anti- 
pyretics, but tho great bulk of tho quinino 
manufactured is used in tropical countries as a 
specific for tho treatment of malaria. In 
common with tho other cinchona alkaloids it 
exerts a direct toxic action chiefly on tho 
asexual forms {achizonls) of the malarial parasite. 
Tlicso Bubsfanccs, therefore, provide an example 
of clicmotliorapcutic action, discovered and 
applied long before tho principles upon which 
chemolhcrapcutic investigations ns now con- 
ducted were laid down bj' Ehrlich. For over 
300 j'cars, at first in the form of cinchona bark 
or its galenical preparations, and in the last 
century as tho alkaloids or their proximate 
dcrivalives, cinchona has been tho solo remedy 
availablo against malaria. 

As knowledge of tho etiology of this disease 
increased it became evident that these alkaloids 
are not complete remedies and, in particular, 
it was realised that they were relatively inofTcc- 
tivo against the sexual forms {gamdocytes) of 
the malarial p.arasito. Within the last decade 
it has been found that complementary drugs 
exerting ganictocidal action can bo synthesised, 
of whicli 8.(to.diethylnmino-ifoamyl)amino.6- 
mcthoxyquinoiino (plavnoguinc) is the best 
known example. This substance resulted from 
the joint chemical and biological investigations 
of Selmlemann, Schonbofer and Winglcr 
(Klin. Woeh. 1932, 11, p. 381) with Rochl 
(Arch. SchilTs. Trop. Hyg. 1920, 30, Beiboft 3, 
p.. 11 ; 1927, 31, Bmheft 1, p. 48). An 
interesting development of this work was 
achieved by Mictrsch and Hlauss (Klin. Woeh. 
1033. 12, 1270; Angew. aiera. 1934, 47, 033), 
vho in conjunction with Kikuth (Deut. med. 
Woeh. 1932, 68, 630) found that the same side- 
chain, inserted in position 6 in 8-cbloro-3- 
mcthoxyacridine, produced tho drug now known 
as “atebrine," which like quinino is scliizonticidal 
in action. These successes have led to great 
activity in this tj-pe of investigation, not only 
in Oerrnanj’ but in this country, France, Russia 
and cbcuhcre. There are numerous other 
minor applications of the cinchona alk.aloids in 
medicine, c.g. tho nso of quinine-urethane as a 
sclerosing agent, of quinine-urea ns a local 
ann'Bthctic, and of quinidincin the treatment of 
auricular fibrillation. Quinino and certain of its 
derivatives, such as tho Morgenroth com- 
j>ounds rt'fcrred to later, arc powerful bacteri- 
cidal agents, and though tho high expectations at 
first based on these results have not materialised 
in jtractice, ho[)c has not yet Iwcn given uj) that 
It may l>c jmssible to develop practicable, 
pncumococcicidal agents with one or other of the 
cinchona alkaloids ns a st.arting-point and 
uork on the-e lines is Ix-ing intensively pursued, 
especially in .Tnpan and the United Slatc.s. 


6. CoNSTITtJTIOK OF THE ClNCTIOKA AeT^- 
EOIDS, — (a) Structure. The principal alkaloids 
of this group have been shown to have tho 
following structure : 


CH N 


RC C CH 

X \ 

CH C 


N 

H— C(OH)— HC"^ CHj 


H,C CHR' 

‘ \ I 

CH 


in which R may be hydrogen or methoxyl, 
and R' may bo vinyl (CH2=CH— ) or ethyl. 
The eight commonest naturally occurring 
alkaloids comprise four structurally identical 
stcrcoisomeric pairs. 

(1) Cinchonine and cinchonidinc, 

C„H.jON 2 (R is H-; R' is CH2=CH -). 

(2) Hydrocinchonine and hydrocinchonidine, 
CjjHjjONj (R is H-; R' is CH3-CH,-). 

(3) Quinino and quinidinc, 

CjoHj.OjNjjR isCHaO-; R'is CHj=CH— ). 

(4) Hydroquinino and hydroquinidino, 

C,oH,oO,N. (R is CH3O- ; 

■ ■ ■ R'is CH3-CHJ-). 

To this list may bo added three other alkaloids 
belonging to tho same chemical group. Theso 
have a phenolic character, and have not a 
motho.xyl but a hydroxyl group in position 6 
of tho quinoline nucleus. Cupreine, 

Cj.H.jOjN, (R = HO-; R'=CH. = CH-), 

was discovered in cuprea bark derived from 
Hemijia prdunciilata (Paul and Cownley, 
Pharm. J. 1881, 12, 497; 1884, 15, 221, 401 ; 
Hcs.so, Bcr. 1882, 15, 8.54; Annalen, 1884, 225, 
93), but is now unobtainable. It is the phenol 
corrc.sponding to quinine, for it yields tho latter 
on mctlo’lation (Grimaux and Amaud, Compt. 
rend. 1891, 112, 774). 'Tlio other two, hydro- 
cupreino and hydrocuprcidinc, 

C„H„OjN. (R = HO- ; R' == CHj-CHj-), 
arc not known to occur naturally, but can bo 
obtained by tho demcthylation with mineral 
acids of hydroquinino and hydroquinidino 
rcspcctivclj', or, in tho case of the former, by tho 
catnlj-tio hydrogenation of cupreine (Giem.sa 
and Ilalbcrkann, Bcr. 1918, 51 1325). Tho 
phenol corresponding to quinidino, which would 
systematically receive tho name cupreidino, is 
unknown, although Lndudcrakdwna, Suszko, 
and Zwierzchowski (Rcc. trav. chim. 1933, 52, 
817) claim to have u'olatcd it from tho products 
obtained by tho treatment of quinidino with 
sulphuric acid ; their contention, however, has 
l)ccn convincingly refuted (Henry and Solomon, 
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J.C.S.1934,1023 5 Thron md DirscheiL Aanalen ' 
1935, 5J5.252). 

The Above structura] fomtilA has oot been 
fully elaborated for each alkaloid separately 
and follows maioly perhaps from work on 
cinchonine The evidence for the skeletal 
structure of the other members of the group 
proceeds in part from the identity or etin|de 
mutual relation of various degradation products ; 
thus, for instance, cinchonine and cinchoiudine , 
give nse to identical products, however they are 
attacked [e g on oxidation there are formed 
cinchoruiiic acid (quinoline'4-carboxylic acid) ' 
and cincholoiponic acid (3-carboxypipendme.4- 
acetic acid)] , the same applies, on the other 
hand, to q uinin e and qmiudinc, except that these 
give rise not to rtnehomme acid itself bnt to 
Its 6 methoxy denvatiic, qumiiuc acid Some 
evidence for the structure of certain of the 
alkaloids other than cinchonine tnses also from 
the possibiLty of intcr'converaion among them ; 
this, however, is very limited. Thus, all the 
htdro alkaloids (R'=CHj— CHj— ) are obtain- 
able from the corresponding vinyl bases by 
catalytic hydrogenation Again, cinchomdme 
was obtain^ by Koemgs and Husmann (Ber. 
IS9C, 29. 3185) from cinchoiune by the action 
of amyl alcoholic potoasinm hydroxide, and this 
kind of intcTconversicm was later extended by 
Rabc and his pupils (Annalen, 1933, 492, 242) 
to the whole senes I'uialiy, in evideneo of the 
identical atnicture in pain (as paired in the 
above list] of the cinchona alkaloids, may bo 
mentioned the fact that each aueb pair gives 
n<e to three transformation products, tbs 
identity of v, hich is the earns whi^ever member 
of tbo pair forms the source. These three 
producU are, moreover, either actually isomenc 
with the parent alkaloids, or, at all events, have 
the full skeletal structure of tbs parent alk^oida 
preserved intact They arc (see M'jte) the 
‘‘•icincs" (toxmes) of Pasteur and of von HiUer 
and Uohde,theanhydn].bascs{ciachenc.quinens) 
of Comstock and Koenigs, and tbo ketones 
(rinchoninonc, qniiunonc) of Ilabe. Thus, 
cinchonine and cinchonidino give nso to ons 
am] (he sumo cincbonicina (emchotoiine), to 
one and tho same cinchcnc, which only diOera 
from llio p.irent bases by the elements of water, 
and to one and the same cincboninone, ^fferiDg 
from the jinrent bases by two by drogen atoms. 

The evidcRco for the i.bove structural formula ' 
is m bnefaa follows. 

Both nitrogen atoms in the molecule are 
tertiary and capable of aalt formation. Thus 
not only arc both neutral and acid salts known, 
such 03 BHCl. B,H,SO.. and B 2HC), 
B H|SO(. but also mueu acid salts of tbs type 
8 . 2HCI H 2 SO 4 (Gnmaux, Compt rend. 1892. 
115, COS) 

The alkaloids combine with one and with two 
molecules of an alkyl habde, forming mono- 
and dtalkylhalides, winch have (he eharaclenstic 
properties of quaternary ammonium salts The 
nitrogen atom m tho quinucUdine half of tbs 
molecule » morw strongly basic than that in U» 
quinoline half and is tho one involved in neutral 
Bait formation ; it is at the quuiuclidine nitro. 
gen atom aL<o (hat the alkyl and halogen groups . 
are added m the ordinary monoalkylhtbdea. 


Thus Claus and Weller (Ber. 18S1, 14, 1021) 
showed that cinchomdme clhobromide was 
oxidised to cinehoninic acid (quinolme-4. 
csrboxybe acid) and not to its etbobromtde. 
Skraup and von Norwall (Monatsh. 1894, 15, 37) 
prepared a senes of yellow ethlodnlcs Homeric 
with tho ordmary white ethiodides by treating 
not the free bases but the neutral hjdnodides 
with ethyl iodide ; both forms furnished one and 
the aame diethiodide when treated with a 
further molecule of ethyl iodide. Skrauplater 
(ibid. p. 433) oxidised the yellow form of 
cmchonme ethiodide and obtamed the cthiodide 
of cmchomnic acid, thus showing that in 
cmchonme hydnodide itisthequinuclidine basic 
centra which is aatufied. Similarly, Claus and 
MaUmann (Ber. ISSl, 14, 76) found that the 
treatment of quinine methiodide with ethyl 
iodide gave nse to a different product from 
that obtained by the action of methyl iodide on 
quirune ethiodide. The two “ ethmethiodules " 
were isomenc (c/. Claus, Annalen. 1892, 2S9, 
332 : and Konek, Cbem Zentr. 1936, u, 1352; 
1937, t, 1G94 ; 1938, 1.75). 

That one of the two oxygen atoms in quimne 
and qumdine is a member of a methrxyl group 
follows partly from the fact that thesn alkaloids 
can bo dcmethylated (tg by be*ting with 
bydrochlone and), there are then fomed 
phenolic bases and methyl chlonils (tee, e g , 
llesse, Annalen, I860, 205. 314). The other 
evidence for the presence of a met’ oxyl group, 
evidence, moreover, which serves to indicate 
(be position of this group in the molecule, 
arises from the fact that in those degradstiou 
experiments (such aa oxidation) in which 
cmchomoe and cinchooidino give ri<e to 
simple quinoline derivatives (euch as einc^ninie 
acid), quinine and quinidino furnish tho eorre- 
spon^ng 6 -aetboxyquinnIinc derivatives Thus 
Skraup (Monatsh. 1881,2. S87) found that quimne 
on oxidation with chromic acid gave nso to 
quiniruc acid (6 methoxyquinolinecarboxybc 
acid), and that this, on more vigorous oxidation 
with the esme reagent, was degraded to the 
same pyndmetricarboxylic acid which could 
bo obtained m like manner from cincbonimc 
acid, the oxidation product of cinchonine : 



Clncboalolcacid Qulolnlc acid. 



Tbo constitution of the latter acid being known 
(tee fikranp. Annalen. 1830, 201, 291). it followed 
that the methoxyl group m quininic acid was 
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cnninincd in the benzene and not in thepjTidine 
nticleiia, lie further phowed (Monatsli. 1883, 4, 
C9.')) that quininic acid could be dcmethylatcd by 
weans of Jiydrocbloric acid to the corresponding 
I)!icnoh’c acid, to ■uliich he gave the name 
xantlioquininic acid, and that this, on decarboxy- 
lation, gave rise to the known 6-(or p-)hydroxy- 
quinolino. There is, therefore, in quininic acid 
(as well ns in quinine and quinidine) a wethoxyl 
group in the 0-position of the quinoline nucleus, 
which is absent in the cases of cinchoninic acid, 
cinchonine, and cinchonidine. 

The second oxygen atom in quinine and 
quinidine, or the solo oxygen atom in cinchonine 
and cinchonidine, belongs to a hj’droxyl group. 
'J’hia was first shown by Schtitzenberger (Compt. 
rend. 18.')8, 47, 233), who prepared the acetyl 
and benzoyl derivativc.s of cinchonine and of 
quinine. Hesse (Annalcn, 1880, 205, 314) has 
jircpared the acetyl dcrivntivc.s of all the four 
alkaloid.s. The demonstration, however, only 
acquircsstrict cogency when taken in conjunction 
uilh the later proof that these bases are di- 
tertiary (see aiorc). Independent of this 
proof, however, is the evidence adduced by 
Koenigs (Her. 1880, 13, 280), who trc.atcd cin- 
chonine hydrochloride with a mixture of 
phouphorus penta- and oxy- chloride and 
obtained a product, C] 5 Hj,NCI, cinchonine 
chloride, in which the hydroxyl group had been 
replaced by chlorine. The nature of the 
hydroxyl gro\tp was elucidated by Rabe and 
his collaborators (Her. 1907, 40, 3055; 1908, 
41, 02. 872; Annalcn, 1909, 364, 330), who 
inndcthcdiscovery that on very gentle oxidation 
with chromic acid cinchonine lost two hydrogen 
ntoni.s and was converted into the corresponding 
kclonc, cinchoninonc, being otherwise un- 
changed. Cinchoninone formed an oxime, and 
cinchonine could be recovered again from its 
reduction products : 



CO- 


N 

-HC CH-CH, 


HX CH.CH— R' 


CH 


Ciiiclmnliionc (R « H ; R’ •= vinyl). 


'1 he cinchona alkaloids, therefore, contain a 
secondary alcoholic prou|)ing, — CH(OH)— ; 
its po-;iiion in the molecule will bo made clear 
in the .‘-ctpicl. 

’Ihc existence of an unsaturalcd .side-chain 
(i.r. of the vinyl group) in cinchonine, quinine, 
ami their .stcrcoisomcridcs is n'vcalcd by 
their behaviour with the halogens, the halogen 
hydracids. and with potassiuni permanganate. 
I-iurvnt (Ceinpt. rend. IS^o, 20. 15S7; Ann. 
t him. ISIS, (iii), 24, 302) first stuciicd the action 
of chlorine and bnnnine on cinchonine. Direct 
addition of two attains of the halogen occurs, 
umhimiiip dichloriile and dibromide being 
formcal. Comstock and Koenigs (Ucr. IsSi, 


17, 995 : 1886, 19, 2853; 1892, 25, 1539) have 
also prepared these dih.alogen addition com- 
pounds, ns xvcll as quinine dibromidc, and made 
a detailed study of them. On treatment with 
alcoholic potash the dibromidcs lose two 
molecules of hydrogen bromide, dehydrocin- 
chonine, CjgHjjONo, and dehydroquinine, 
CjoHjjOjN;, being formed. These latter sub- 
stances contain an acetylenic linkage in place of 
the double bond of the parent bases (R'= 
CH=C-) (Koenigs, Ber. 1895, 28, 1986). 
With the halogen hydracids, also, simple 
addition takes place, the side-chain R presum- 
ably becoming CHj — CH(Hal) — . This can- 
not, however, as yet bo considered as hax’ing 
been quite firmly established. 

Zorn (J. pr. Chem. 1873, 8, 279), influenced 
by the contemporary researches of Mattliicsscn 
and Wright on narcotino and other opium 
alkaloids, xvas first led to study the action of 
strong hydrochloric acid on cinchonine and 
quinine (see also Hesse, Annalcn, 187-1, 174, 
340; 1880, 205, 314). Skraup (Annalcn, 1880, 
201, 324) first treated cinchonine xvith hydro- 
bromic acid, and Lippmann and Flcissncr 
(Monatsh. 1891, 12, 327) heated quinine with 
hydriodic acid. In all these cn.scs substances of 
the general typo HBHal,2HHal (where B 
stands for the original vinyl alkaloid) w’oro 
formed, c.xccpt that the methoxylated alkaloids 
(e.g. quinine) were simultaneously dcmcthylatcd. 
Comstock and Koenigs (Bor. 1887, 20, 2510) 
showed that tho reaction proceeded not only 
on heating but also at room temperature, and 
obtained in this way not only tho ordinarj* 
chloro- and bromohydrocinchonino but also 
chloro- and broroohydroquinine, which still 
contain the methoxyl group. A copious litera- 
ture has accumulated dealing with this reaction. 

The formation of halogen derivatives, whether 
by the addition of tho free elements or by treat- 
ment with tho hydracids, indicates only tho 
presence in the molecule of an unsaturated 
centre. The existence of a side-chain, and tho 
fact that the double bond is contained therein, 
is shown by the behaviour of the vinyl-alkaloids 
with pota.ss)um permanganate. Whereas the 
hydro-nlkaloid.s react but slowly or not at all 
(it is this property’ whiob led to their di.scovcry 
and isolation), tho unsaHirated alkaloids in- 
stantly (iccolouriso a dilute, icc-cold, acid 
solution of this reagent. Kerner first studied 
the behaviour of epunino (Zeit. f. Chemie, 
1809, 5, 593) and found that formic acid was 
produced together xvith n substance xvhich he 
called quitenine, (sec also Skraup, 

.•\nnalcn, 1879, 199. 348). Similarly, Willm 
and Caventou (Annalcn, 1870, Suppl, VII, 249), 
Hcfso (.Annalcn, 187.5, 176, 232), and Skraup 
(il/id. 1879, 197, 370) obtained oinchoteninc, 
9 is*^:o^ 3N.. from cinchonine, Skraup and 
Vortmnun (iiid. p. 235) obtained cinchotenidine 
from cinchonidine, and Forst and Boehringer 
(Ber. 1882, 15, 1059) oxidised quinidine to 
cpiilenidinc. These “ tonincs ” result by tho 
loss of one carbon atom as formic acid ; thev 
arc, unlike tho parent alkaloids, saturated 
substance.^ which, for example, do not react 
with hydricKlic acid ; they arc tertiary bn.scs 
•and still contain a hydroxyl group ; anci finally 
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by Skranp (Ber. 1895, 28, 12). who jostifiably 
drew the conclusion that the nnsatunted 
cinchona allcaloids contain a vinyl gronp, and 
that the “ tcninea " are the otherwise unchanged 
catboxyhc acids (R' = — COOH). 1 

Bndence to the came eSect has been obtained 
by ^klcs (Rcc. trav. chim 1923, 42, 69):; 
under the influence of ozone the cinchona I 
alkaloids form ozomdee, which on hydrolysis give 
nse to aldehydes (R'=— CHO), correspond- ' 
ing to the ** tenines.” Seckles gave these the I 
termination -at , thus cinehonina], CjiHtsO.Nt. 
and quininal, C.,H|{0,N^. The position of the 
vinjl (or ethyl) group in the molecule will 
eppcar m the subsequent discussion 

The skeleton of the molecule of the cmchona 
alkaloids naturally and bistorically falls into 
two portions or “halves", the quinoluie 
portion or the “ first half,” and the remainder of 
the molecule or the ” second half.” The 
molecule rcadJy undergoes fission in a corre- 
sponding manner, there being formed on tbe 
one hand simple derivatisea of quinoline or 
C-methosy quinoline, and, on the other hand, 
more complex dcriiatnea of piporidiiie The 
structure of the skeleton, and at the same lime 
the position of the by droxyl and nny I (or ethyl) 
groups, was deduced from a study of such 
dcfiradation products 

'i here are. broadly, three ways in which such a 
fission can lie elTcctcd, 

The first method, due mainly to Slaanp. 
u by oxidation with chromic acid, nben the 
“first half ” giicsnsc to tbequinolinccarboxyLc 
ends already mentioned. M2 cinchoninic and 
quininic ncids They are sparingly eoluble 
readily i*ohble substances, and it is m their 
filtrates and mother hquors (which when simply 
eiaporated afford intractable syrupe) that the 
following subetanccs denied from the ” second 
half* are found raeroquincno (from the' 
vinyl alkaloids), cincholoipon (from tho hydro- 
alkaloids), and the oxidation products of those, 
"incholoiponic and loiponic acids (Skraup, 
Alonntsh 18S^, 9, 783, 1S9C, 17, 305, Koenigs, 
Her. Ib94, 27, 1001). 


NH 

I'^Cl 

CH, 7 

Ah 

r”* Cl 


■Nj 


NH 

HO|C CH, 

' iH;‘ 

\ I 

CH 

ClacbololroBic acid. 


NH 


CH, 

1 


CH, 


r"» CH- 

1 / 


Exactly the same substances result from tbe 
bxidatioa of tho three sets of transformation 
products referred to above, tx:. from tbs 
** toxines ” (Skraup and Wurstl, Monalsh. 
1839, 10, 220), the anhydro bases (Comstock 
and Koenigs, Ber 1884. 17, 1990), and from 
Babe's ketones (Ber. 1907, 40, 3657), thus show- 
ing tho close relationship of these substances 
to tho parent alkaloids. Tho same applies also 
to the saturated carboxylic acids, the “ tenines ” 
(formed by oxidation of the parent vinyl 
alkaloids with potassium permanganate), except 
that in this ease neither meroqmneno nor cincho- 
loipon are formed, but only tbe qumoline- 
carboxybe acids, and cuicholoiponic and 
loiponjc acids (Skraup, Monatsh 1689, 10, 
42) 

The second method of fission was discos cred 
by Koemgs. When the hydrochlorides of tbs 
cinchona alkaloids m chloroform suspension ars 
treated with phosphorus pentacblorido there are 
formed, as already mentioned, substances 
such 03 ciflchomne chlondo and quinino chloride, 
in which tbe oripoal hydroxy] group is replaced 
by chlonne (Comstock and Koenigs, Ber. 1884, 
17.1931. 1885,18,1219. For the correspond- 
ing bromides, see C. F Bochringcr und SMbne, 
O.ra b !!., liabe, Cohaure, and Scbecl. G P* 
692540 and 692541, 1934). Hiese chlurides, on 
treatment with alcohobc potash, lose a molecule 
of hydrogen chloride with tho production of a 
double bond. Tho “anhydro-bascs “ so furnicd 
are known as quinene, cinchene, bydroquineno 
(Giemsaand Halbctlcann.lfer. 19JI,54,IB1.U94) 
and hydrocinchene, each being the identical 
pnxiuct from two stereoisomenc parent 
alkaloids, thus both quinino chloride and 
quinidine chloride give rise to one and the same 
quinene. 



CH=d^CH^H, 

H.C t^HjCH— R' 

Quinene (TVti CHjO— ; VisCH,— CH — ) 
Clorhcne(KIs H— ; R'UCHj — CH — ). 
nydioqulnene (R ti CHjO— ; R'liCH,— CH,— ) 
Hjnfrncfnchene (R Is H— ; R'UCHj— CHj— k 
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CHj 

opoCliiclicnc (R la H — ). 

opoQiilncno (R la HO — ). 

When hentcd with hydrohromic acid, the 
nnliydro-basca undergo an extraordinary reaction 
(Comstock and Koeniga, Bor. 1881, 14, 1854; 
1885, 18, 1220, 2379; 1887, 20, 2674). The 
FO-callcd npocincheno and apoquinone formed 
were found to ho derivativea of phcnylquinolino 
having the etructuro shoivn (see Koenigs, Bcr. 
1894, 27, 900 ; J. pr. Chom. 1900, 61, 1 ; Kenner 
and Statham, J.C.S. 1935, 299 ; and Kenner and 
Nandi, Bcr. 1930, 69, 035). The vinyl group 
seems to bo essential in the mechanism of this 
transformation, for, hydrocincheno docs not 
react with hydrohromic acid (Koenigs, Bor. 1894, 
27, 1501), and hydroquinono with hydrochloric 
acid only undergoes dcmothylation (Giomsa and 
Ilalbcrkann, Bor. 1921. 54, 1195). This is 
suggestive in connection with the behaviour of 
the cinchona alkaloids with mineral acids (see 
btlnw). 

The reaction, however, docs not throw much 
light on the constitution of the alkaloids. 
Much more illuminating is the treatment of the 
anhydro-bascs with phosphoric acid at 170“ 
(Koenigs, Bor. 1894, 27, 900), which con- 
stitutes tho second method of fission of the 
cinchona alkaloids. Hj’drolysis occurs, 2 mole- 
cules of water being taken up, and there are 
formed lepidino {4-mothyl-quinolino) from cin- 
chene, and its G-methoxy-derivativo from 
quinenc. Tho former substance, derived from 
tho " first half,” is also formed from hydro- 
cincheno (Koenigs and Hoorlin, Bor. 1894, 27 
2290). The “ second half ” gives riso to the 
s.ame substances which arc formed in Ekraup’s 
chromic acid oxidation, viz. meroquineno from 
cincheno and quinenc, and cincholoipon from 
hydrocinchenc. Tho oxidation products of 
these, eincholmponio and loiponio acid, are 
not formed in this reaction. 

Before proceeding to tho third method of 
fi.'sion, and to tho remainder of the cvicicnco for 
the striictuml formula set out above, it ^vill bo 
convenient first to deal with tho constitution of 
the degradation products already mentioned, 
and to summarise tho conclusions which can bo 
drawn. 

A full discu.ssion of tho nature of these 
tubstances, however, would go far beyond the 
fcopc of this article. It will siifilee, in tho case 
of the quinoline derivatives (from tho “ first 
half”) to mention, as a matter of historical 
interest, that tho presence of a quinoline nucleus 


was early recognised, for Gerhardt (1843) had 
obtained quinolino itself (then imknown) by 
tho distillation of cinchonino with potash, and 
it was incidental to tho investigation of these 
alkaloids that tho constitution of this important 
heterocyclic base was studied. It was syn- 
thesised almost simultaneously in 1879 by 
Koenigs, by Skraup, and by Baoyer. 

In regard to the degradation products derived 
from the “ second half,” meroquinone, cincholoi- 
pon, cincholoiponic acid, and loiponio acid, it 
must suffice to append a bibliography of papers 
by Skraup and by Koenigs, who, almost ex- 
clusively, studied and elucidated tho constitution 
of these substances. [Skraup’s papers are to 
bo found in Monatsoh., 1888, 9, 783 ; 1895, 16, 
159 ; 1896, 17, 365 ; 1900, 21, 879 ; (^th Piccoli), 
ibid. 1902, 23, 269. Tho relevant papers by 
Koenigs are in Bcr., 1894, 27, 900, 1501 ; 1895, 
28, 1896, 3150; 1897, 30, 1326; 1902, 35, 1349; 
1904, 37, 3244; (with Bernhart), ibid. 1905, 38, 
3049. For a very full account of tho chemistry 
of meroquineno, see the experimental portion of 
Koenigs’ “ chef d’muvrc ” (Annalen, 1906, 347, 
193) ; tho theoretical portion of this paper 
(p. 143 cl seg.) is entirely devoted to a full 
and valuable review of tho then existing know- 
ledge of tho constitution of tho cinchona 
alkaloids. For a synthesis of cincholoiponic 
acid, see Wohl and Losanitsch (Bcr. 1007, 40, 
4698; Wohl and Maag, ibid., 1909, 42, 627).] 

Tho molecules of cinchoninic acid (" first 
half”) and of meroquineno (“second half”) 
account between them for all the 19 carbon 
atoms of cinchonine ; further, the constitution 
of meroquineno fixes tho vinyl group in a 3- 
position to tho piperidine nitrogen atom; of 
tho three such possible positions, two are 
structurally identical, being only sterco- 
chemically distinct, while tho third, made 
improbable by tho manner of formation of 
meroquineno by Skraup’s method of oxidation, 
is impossible in tho light of its formation by tho 
hydrolytic process of Koenigs. Finally, seeing 
that the nitrogen atom in the “second half” 
of the cinchonine molecule is tertiary, while 
that of meroquineno is sccondarj’, and because 
no further carbon atoms (such as a N-methyl 
group) can bo accommodated, it follows 
that cither tho acetic acid residue in tho 4-posi- 
tion of meroquineno or tho carbon atom of the 
carboxyl group of cinchoninic acid, must, in 
some way, bo joined to the nitrogen atom in tho 
cinchonine molecule. Of the several possibilities 
which these considerations open for tho 
sfnictural formula of cinchonine, 1 and II 
(p. 142) were envisaged by von Miller and Rohde 
(Bcr. 1895, 28, 1059) ; II which was originally 
preferred, wos later rejected in favour of I by 
Koenigs (J. pr. Chem. 1900, [ii], 61, 11) : ho pro- 
posed tho name “ qninuclidino ” for tho parent 
structure, from which tlio “ second half ” of tho 
following formula is derived hj-pothetically, 
and succeeded in preparing two stcrcoisomerio 
3-cthylquinuclidincs, one from meroquinone, and 
the other, by a difierent method, from cincholoi- 
pon (Ber. 1904, 37, 3244). Tho formula 
accepted at tho present time, which is set forth 
at the beginning of this section, was first con- 
sidered by Babe and Ritter (Annalen, 1906, 
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OH N 

r 1/ 1 \ 



CH.CH- 


N 


HjC I CH, 

— \—C OHi 

H.C I CH— CH=CH, 

in. 

>1) MllXr 4C<J Ittihd«. i69*>, II) 


CI^H, 

III 

H,C CH,CH-CH,— CH, 
'^CK 

3 Ethjliiulauclldlne (Eoenig>. lOOl) 



H,C CH.CH— R' I 
\lx/ 

CH I 

O&clnD»t0S)ac« 

350. ISO) : It was adoptMl by Koenif^s, Bcrnhart. 
and Ibeic (Dcr 1007. 40. 64S. 2ST3), by Bohde 
and Antonsz (liid. 1007, 40. 2320), and finally 
sin^kd out by a process of elinnnation by Rabe. 
Knli^a, and Naumano (Annalen, 1009, 395, 
353). And it is this work of Rabe'a which moat 
now bnnK us back to the consideration of the 
third method available for the degradation of 
the cinchona alkaloids. 

In 1S53 Pasteur (Compt rend. 1853, 37. 110) 
discovered that the aeid sulphates of the 
cinchona alkaloids melt when heated with a 
little water at 140® and give nse to isomendes 
Thus from cinchonine be obtained a substanco 
which he called cinchonicuie. and from quinine 
quinicine. Moreover, cinchonidine gave nse 
to the same cinchonicine which was a^ formed 
from cinchonme. Similarly quirucine was 


obtained not only from quinine but aLo from 
qninidine. The«e substance®, which are now, 
for reasons to bo stated below, perhaps best 
desenbed ns the emchonatoxine®, or bnePy as 
the tonnes, have the constitution shown above. 

The study of the tonnes has plajed an 
essential part in the investigation of the parent 
alkaloid*, but the manner of arriving at the 
constitution of the former, which can hardly 
be dealt with apart from a description of the 
researches which led to the fonnula of the latter 
wiO not bo indicated in detail Ncvertheles.*, 
some salient points of interest may bo mentioned. 

Two other methods exist wherebj the cinchona 
alkaloids can be converted into the isomeric 
tonnes Ono of these was unwitting]} dia 
covered by Claus and his pupils in 187S, and the 
other was developed by von Miller and Rohde 
in 1894 while engaged on a study of the Claus 
reaction The former chemist (Ber. 1878, 11, 
1820) found that the quaternary addition com. 
pounds of the cmchona alkaloids w ith one niolc. 
cule of an alL}] hahde, when boiled with 
potassium hydroxide m aqueous solution, re. 
verted to tertiary bases He regarded these ns 
ordinary homologues of the parent alkaloids, 
many substances of the general tjpo “ methyl 
anchomno ” were described in several p-ipen 
(«««. for instance, Claus and Muller. Ber 18^9. 
13. 2290. aaus and Mallmann, tbij 1881. 14, 
76 . Claus, Annalcn, 1 802. 269. 232) v on Miller 
and Ilobde(Bcr ]S04,27, 1187) found tbst thee 
"homologues” formed plienylhydrBSones, and 
could not therefore have the parent stnieture 
The parent alkaloids were not attacked by the 
reagent used (a solution of phenjlhjdrazine in 
acetic and) unless heated with )l at 100° for a 
long time. It was then found (i&ii p 12*9) 
that cinchonme on heating with dilute ncctie 
acid at 105® for 24 hours was transformed into a 
kctonic base, which reacted with phenjl- 
bydrazincalonce, and which, on methv lation with 
methyl iodide and sodium hydroxide, afTonlnl 
a iY>mctbyI denvativc identical with Claus's 

roelhylcinchonme '■ Tho kctonic ba'c, on 
account of its alleged poi*onous properties cul 
loss of antipjTCtie action, was given tho name 
" einchotoxinc " (i6id. 1805, 28. 1058) Its 
identity with Pasteur's cinchonicine was abo 
suggested. Apart from their phjsiologicvl pro- 
perties, the tonnes were found to be remarkable 
in several other ways As Pasteur h.id already 
noted, they had a greatly diminished optical 
rotatory power, and the toxmes from stereo- 
isomenc pairs of parent alkaloids of opposite 
sign of rotation were identical ; the alkaloid* 
had become converted into ketones and second- 
arj’ bases ; finally, the nipturo of tho C— N 
linkage was remarkable in taking place more 
resdiJy with weak organic acids (acetic, tartanc, 
phoaphonc) than with strong mineral acids 
such as hjdrochloric acid (Rabc and .'IcMillan, 
Ber 1910, 43, 3308 j Rabe, i6nf. 1012. 45. 
2927) Biddle (ib.d 1912. 45. 526, 2832) 
mdependently made the same obsenation con- 
coming the cause of this reaction, and in the 
course of dctailwl plijsico chemical researches 
with several pupils (J. Amcr. Chem. Poe. 1913, 
35. 418; 1015, 37. 206.3. 20S2. 2088; 1916, 
"1, 001 ; 1917, 39. 963) rearheil tho con- 
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cluiion that catalysed neither by hydrogen 
ions, nor by the anions of acids, but by un- 
di'sociafed molecules of acids, a sufiicient 
concentration of wluch was only attainable in 
the case of weak organic acids. Ilabe (Bcr. 
1007, 40, .3282; Annalcn, 1009, 365, 366; 
Uabc, Schneider and Brnasch, ibid. p. 377) 
pointed to the analogy between the toxine- 
transformation and the conversion of narcotine 
into nomarccine. Both cinchonine and narco- 
tine are l:2-amino-nlcohol3, and Babe adduced 
other illustrations in support of the general view 
that such substances are liable to undergo the 
intramolecular rearrangement which underlies 
the conversion of cinchonine into cinchotoxine, 
and it has recently been suggested (Konopnicki 
and .Siiszko, Bull. Acad. Polonnisc,1929, A. 340) 
that the conversion proceeds in two stages : 


CH— OH 

I / 
CH— NC 
I \ 


C— OH 

II / 

CH + NHC 


I 

CO 

in, 

I ■ 


+ NH 


\ 

Substances of the intermediate enolio stage, in 
which the cnolic group is fixed by intra- 
molecular participation in an ether function, 
have been isolated, and it is proposed that the 
von Miller and Bolide toxinc- noraonclaturo be 
reserved for the final kctonic substances, while 
Pasteur’s original “ .icino ”■ nomenclature be 
adopted for the new cnol-ethers. The toxinc trans- 
formation can easily bo brought into excellent 
accord uitli modem electronic theory (see, for 
instance, Ilanhart and Ingold, J.C.S. 1927, 097). 

The toxincs react with hydroxylaminc to form 
ketoximes and condense with one molecule of 
aniyl nitrile in the presence of sodium cthoxidc 
giving rise to isonitrosokctoncs of the type 

— CO— C:NOH 

I 

'Y^'fn Koenigs propo.scd his formula for cincho- 
nine in 1900 ho stated also that cinchotoxine 
must in conformity therewith have the structure 
indicated liclow 


NH 

l\ 

CO CH.CH. 



H.C tH.CH— CH=CH. 


(’inebotoxtne (Kocnlp^, IPOO). 

a substance fIiouIcI react vith two niolc- 
culc^ of amyl nitrite to form a diiVonitrosokctonc 
of the tyj>c 

HONiC— CO— iiNOH 


von Sliller, Bohde, Brunner and Fussenegger 
(Ber. 1900, 33, 3214) failed to make cinchotoxine 
react with more than one molecule of amyl 
nitrite. The final disproof of Koenigs’ formula, 
and support for the formula proposed by Babe, 
came on the one hand from Koenigs himself 
and on .the other from Babe. In each case 
oximino- or isonitrosotoxines were shown to 
undergo smooth rupture, into simple quinoline 
derivatives, from the “ first half,” and piperi- 
dine derivatives from the second, when sub 
jeeted to the Beckmann rearrangement. Thus, 
Koenigs, Bemhart and Ibolo (Ber. 1907, 40, 
048, 2873) treated the o.ximo of Af-methylcincho- 
toxino with phosphorus' pentachloride, and 
hydrolysed the product with aqueous-mcthjd 
alcoholic sodium hydroxide, or with dilute 
hydrochloric acid. There were formed 4-amino- 
quinoh’ne, cinchoniiiic acid, A^-mcthylmero- 
quinene and (probably) ^-4-(iV-methjd-3-vinyl- 
pipcridyl)-eth 5 'lnmino, products which were 
decisive for Babe’s formula ns against that of 
Koenigs. Again, Babe (xvith Bitter, Ber. 1905, 
38, 2770; with Ackermann, ibid. 1907, 40, 
2013) subjected isonitroso-A'-methj'lcincho- 
toxino and isonitroso-A'-methylhydrocincho- 
toxino to the Beckmann rearrangement, and 
obtained cinchoninie acid and, from the first, 
the readily isolablo nitrile of A^-methylmcro- 
quincnc, from the second, the corresponding 
cincholoipon derivative. At about this time, 
also, ns has already been mentioned. Babe 
Buceeded in oxidising the secondary hydroxylio 
cinchona alkaloids to the corresponding ketones, 
in itself decisive evidence for his secondary 
hydroxylic formula as against Koenigs' tertiary 
one. As ho pointed out, however, other 
formul.-p, also containing a secondary hydro.xyl 
group, were conceivable, and these were 
finally disposed of by studying the action of 
amyl nitrite on tbo ketones (Babe, Ber. 1908, 
41, 62; Babe, Kuliga and Neumann, Anilalen, 
1909, 365, 353). The alternative formulaj 
envisaged by Babe contain a — CH, — CO — 
group, and demand the formation of isonitroso- 
kctoncs. Instead, it was found that fission 
once again took place in accordance with the 
scheme 


\ 


CH— CO !- 






C(— N = 0)— CO- 


C(=NOH) -f- HO— CO— 

There were formed, that is to say, cinchoninie 
acid and oximinovinylquinuclidine. 


HON. 


/I\ 

= C CH.CH. 


H.C CH.CH— CH=CH. 

Oiltninox InylqulnuclMlnc. 

Quininone, similarly, gave ri'e to this oximino- 
substance and to quininic acid, and hydro- 
cinchoninine furnished cinchoninie acid* and 
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ozin>ino«tli;lqtunuclidine. The oxioiioo* sa1> 
stancce on hydrolysis. afTorded hydrozvlamine, 
vith tnrroquineoe from the one and cincboloipon 
from the other. 

The constitution of the cinchona aHalmds aa 
well as of the cinchonatoxinca had, in this way, 
been finally established. 

(6) Synthesis. — ^ThisconstitutionwaaTcnfied 
in 1931 by the synthesis of hydroquinine and 
hydroqnijudino (Rabc, Huntenburg, Schultze 
and Volgcr, Ber. 1931, G4, 2487). The qrnthesis 
is tn four phases : 

Synthesis of quininic acid. 

Synthesis of Aomocineholoipon (VI). 

Condensation of quinmic acid with homo- 
cmcLoIoipon to form hydroquinotoxine. 

CoDTcrsion of bydroquinotozino to hydro- 
qumuio and hydroqiunidme. 

SynUiUis of ^ininie And . — The first phase, | 
which constitutes a modification of Knorr’s 
quinoline synthesis (Annalen, 188Q, 23d, 69), | 
proceeds in siz stages : 

1. Acetoacctic eater is condensed with p- 
anisidino by heating the eompanenta together 

2. The resulting p methozyacetoacetanibdc 
(I) IS nng closed by means of 90% sulphunc 
acid to 2-bydroiy-6 methozy>4-tnetbytqniDoline 

(U). 



<bH, 

I. 


6. To oxidise this styrjlquinoline derivatire 
with cold potassium permanganate in aqueous 
pyndine solution to 6-inethoxyquinobnc.4. 
caiboTylic acid (quinmic acid* ; tf. Kaufmana 
and Pejer, Ber. 1912, 45, 1805. 

Syntktiu of homoCincAo/oipon — The second 
phase, the sj'nthesis of Aomocincholoipon, pro* 

I coeds in three stages. Tho method used had 
been worVed out for a lower homologue by 
Rabe and KindJer (Ber. 1919, 52, 184G). The 
starting material, ^-coIlidiDe, or 4-meth}13. 
ethylpyndine, which was discovered by GreviUe 
Williams (1855) and Occhsner de Conmek 
(Compt. rend. ISSO, 81, 29C ; Ann. Chim. 18S2, 
fv], 27, 469) in the products of distilktion of 
cinchomne with potash, had been synthesised 
by Ruzicka and Fomasir (Hciv. Cbirn. Acta, 
1919, 2, 333 ; tte alto Rabe and Jantzen, Ber. 
1921, M, 925; E. KGnigs and Ottmann, ibid. 
p. 1343) 

1. CoUidine at 85* is condensed by means of 
zme chloride with chloral. 

2. The resulting compound (IV) is converted 
by means of alcohoLo sodium ethoxide into the 
acrylic acid denvative V, which is then — 

3 Catalyticolly hydrogenated in hydrochtone 
acid solution to give Aomocincholoipon (VI) 


OH N 



IV. 



3. This IS converted to tho corresponding 
chlorometboxymcthylquinoLne by treatment 
with a mixture of phosphorus oxy- and penta- 
chloride. 

4. The chlorine atom is then eliminated by 
reduction either catalytlally m alkaline alcobohe 
solution, or by means of aluminium and acetic 
acid. There is then formed p methoxylepidine 
(6 methoxy>4.mctby]qainoLne) 

The direct oxidation of 6-methoxjIepidine| 
docs not proceed smoothly, and it was found 
better— 

5. To condense it with beniaidebydo in thej 
presence of zinc chlondo to tho corresponding 
C-benzylidene compound (111), noQ then 


C-CH 

I H 

Hc r" 


C— CH,— CH, 


NH 

H.C CH— CH,— CH, 

VI. 

Tlie last stage results in a mixture of stereo- 
isomendes of which Aomocincholoipon w one; 
it can be isolated by fractional crystallisation of 
the d-tartrates of their ethyl esters. The 
desired stereoisomeride is obtained In pre- 
ponderating proportion only by rigidly adhering 
to a set of narrowly prescribed eooditions in 
tarrying out the hydrogenation. Among these 
may be mentioned the recommendation that 
the platinum catalyst be specially activated by 
the method of Varon (Ann. Chio. 1014, fu], 1. 



14o 


CIXCHONA ALIO\LOIDS. 


149) and that the reduction bo carried out at a 
prcFTOrc of 3 atmoiplicrcs and at C0'’-70'’. 

Conilrntation of Quintnic Acid tcilh homo- 
Cinchohijxm . — In tho next phase of the synthesis 

quinmic ester is condensed n ith /(ojaocincholojpon 

t^ter — tho latter in tho form of its A'-hcnroyl 
dernativo — by tho Claistn method. Rabo and 
Kmdltr (Bcr. 1918, 51, 13G0) had already, 
thirteen jears earlier, Bucccedtd m condensing 
cinchoninio ester w ith non-sj nthetic /loniocinclio- 
loipon to form hjdrocinclioto.\inc, and had 
obtained lijdroquinotOMiic from quininic ester 
in like manner {ibid. 1919, 52, 1842). Tho latter 
condensation, under tho agency of sodium 
cthoxide and in tho absence of a sohent, uas 
now repeated with synthetic i>i-bcn7oj’l/ionio- 
cincholoipoii ethjl ester. Tho product (VII) 
Mas hydrolysed by means of hj drochloric acid, 
tho carhctlioxy and bcnrojl groups being 
removed, and hydroquinotoxino formed. 



OMe 


CH„ 



CH-CH, CHj 


VII. 


Conicreion of llijdTOi[uinoloxinc lo Hydro 
juininc and Ilydroqumxdinc. — Tlio conxersion 
of hydroquinotoxino to Iiydroquinmo and hjdro- 
(|uimdino in tho Inst phase of tho synthesis, 
uhiili proceeds in three stages, is the earliest 
plinso to liaxo been clabumted, and dates 
back to 1908. In tho first two stages hjdro- 
quinotoxmo is t on\ i rted to Iij droquininonc, and 
this IS then mimed. 

Two nictliods exist for tho conxcision of 
cinehonatoMiies to cinthonnketonc.s. One x\as 
first described by Kabo in tho e.aso of cincho- 
toxino (Her. 1911, 44, 20S8). The other was 
deiistd by Kaufmann and Iluber (Her. 1913, 
46, 2913) for hj drocinehotoxino and hjdro- 
qiimotormc. Auonling to Rabe’s method the 
toxino IS bronniiated by means of hypo- 
bromoiis acid to a A’-bromotoxine, which then, 
undi r the age ney of sodium cthoMde in alcoholic 
sohition, iiiidergocs intramolecular alkjiation: 
he drogi n broiiiulc is eliminati d, the quinuehdiiic 
ring is closed, and a einehonakctono formed : 


HN 



1 oxlne. 



Br-N 


N-Ilnnimloxliie 


co- 


t InrhonatctoD''. 


Kanfmann’s method is similar. By brominat- 
ing with a mixture of bromine and strong 
hjdrohromio acid a C-bromotoxino is formed : 

NH NH 

1 \ I \ 

CO CH, 5- CO CH— Br 

I ■ I 

The second stage is identical with Rahe’s, a 
einehonakctono being produced also in this 
case by an analogous mechanism. 

Each method has certain adxantages o\cr 
the other. While Rahe's procedure is applicable 
to both saturated and unsaturated toxincs, 
Kaufmann’s reaction is unsuitable for the 
latter. Robe’s method, morcoeer, can he 
efrcctcd in one operation by the use of sodium 
hypobromite. On the other hand, tho C- 
bromotoxincs lend themsehes to manipulation 
more readily than do tho N-bromotoxincs ; 
they separate in the course of the bromination ns 
finely crystalline dihydrohromidcs. For tho 
complete synthesis in 1931, Rabe and Ins colla- 
borators actually used Kaufmann’s method. 

The Inst stage, the reduction of hjdroquinin- 
ono to hjdroquininc and Iijdroquinidinc (for a 
discussion of the formation of both alkaloids 
from the one ketone, see next section (c) ), 
was the first to bo aeliicecd, for Rabe, already 
m 1908, had obtained cinchonino by reducing 
(inehonmone with sodium in alcoholic holntion, 
and with iron filings m acetic acid (Bcr. 1908, 
41, 67). Kaufmann and Huber (/ c.) reduced 
hjdrocinchoninonc with palladium black and 
hjdrogcn and were tho first to obtain tioo 
stcrcoisomcric carbinols : hjdrocinthoninc and 
hjdrocinehonidinc. Tho other hydro-alkaloids 
were prepared from non-synthetic sources in a 
Bimilar manner (Rabe, Z. angew. Chein. 1913, 26 
343). Tho \ inj I alkaloids proved more diflii ult 
to prepare from the ketones, because tho \ inyl 
group on catalytic hjdrogcnation was also 
reduced. A reducing agent suitable for this 
purpose, whidi would attack tho ketone group 
but leaeo tho xinyl group and tho quinohiio 
nudciis intact, was finally found in nhiniinium 
metal, used on an alcoholic solution of the 
ketone in the presence of sodium cthoxide 
(Rabo and Kindler, Bcr. 1918, 51, 460 ; 

Vcreinigto Chininfabriken, Zimmer A, Co., 
G.m.b.H., G.R. 330813, 1920). 

In the senthcsis described in 1931, with which 
we nro hero concerned, the 8\ nthetic hjdroqiiin- 
irione was reducx.d by means of hjdrogcn and 
palladium black. A Ircshlj- prepared solution of 
the crjhlallino ketone, wliieli contains a pre- 
ponderant proportion of one of the two tauto- 
meric forms [see section (c) ], ga\e largely hjdro- 
quinidinc which was isolated ns tho tartrate. A 
little of a new stcrc-oisomerido (m.p. 121°; [a],, 
-t 70 9°) was also obtained, lljdroqiiininc was 
obtained bj- the reduction of an oilj’ equilibrium 
mixture of tautomeric forms. 

Although a comiilcte synthesis of hjdrocin- 
chonino and hjdroiiiichonidine has not be-cn 
formally described, these substanecs can 
xirtually be considered to li.uc been sunthesised. 
They ha\o liccn obtaincil from hjdrtKinchonin- 
one, and this from hj droeiiichotox’inc (Kaufmann 
and Hiilicr, / c.). Hj drocinehotoxino has been 
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prepared from cinchoninic ester and N.benzc^I- 
Aomocincholoipon ester (Rabe and Kmdlw. 
Bor. 1018, St. 1360). Tbe latter eubetance had 
at that time only been obtained by the oxidsUon 
of N-benzoylhjdrocinchotoxine (Kaufmaim and 
BrunDSchweilor. Bcr. 1916, 49, 2302), but haa 
now, as we have seen, been synthesised. Finally, 
cinchoninic acid was synthesised by Ffitzinger 
(J. pr. Chora. 1902, [it], 68, 263 ; <■/. Thielepape, 
Ber. 1938, 71, 387.) The taso » different for 
the unaaturated alkaloids cinchonine and 
quinine, tho syntheses of which present pecuhar 
diiHculties. 

It is of interest to note here, that by an 
analogous senes of reaetiona substances have 
been prepared from which the cinchona alkaloids 
mav be considered to bo denved. In 1922 
Rale (Ber. 1922. 55. {RJ, 522) proposed the 
names "rubano” and ‘‘ nibatoxane ’* for tho 
following structures . 


tircly, were described by Rabe, Kindler, and 
W^ner (Ber. 1922, 55, [B], 532) ; rubane itself 
(in optically active d- and 1- forms), the four 
mbanols (the analogues of the cinchona alka. 
loSdi), and the rubyl chlorides were prepared by 
Rabe and Riza (Annalen. 1933, 4^, 151) 
These substances are of purely academic 
interest except as regards their stereochemical 
retstionsfaips to the cinchona alkaloids. 

(c) Stereochemistry.— Tho cuchona alka. 
loids contain four dissimilar, asymmetric carbon 
atoms, marked (!) to (4) in tho following 
(brmida, in which Q stands for the quinolyl or 
6.methoxyquinoIyl residue, and R' for the 
vinyl or ethjl group. Sixteen stertoisomerie 
forms (8 pairs of mirror-imsge enantiomorpbs) 
of any one alkaloid should therefore be capable 
of existence. Cinchonine and cincbonidine are 
two such forms, but they are not an enaiitjo. 
motphous pair. 



N 

hX — H d^ 

III 

H,C CH,CH, 
'^CH 

Rubane. 



NH 


H.C-HiC CHjCH, 

' J I 

H,C CHjCH, 

Xl/' 

CH 

Rubatoxane. 

Rubatoxanone and rubanono, tho analogues of 
tho cinchonatoxines and cinchonakctoncs rcspec 


Q N 

111) Cl)/' I 'N 

H C CH, 


iH I 


n 


Although tho nitrogen atom is also unsym- 
metncal, it does not affect tho number of 
possible Btereoisomendes, for, when two asym- 
metne atoms are, directly or indirectly, Imiced 
together three times over, they constitute but 
one eentre of diss^metry, as can be seen with 
the aid of a model. This accounts, for example, 
for there being only two forma of camphor 
(Skraup, Ber. 1602. 35, 3061 ; Rabe, i&M. 1922. 
65.627). 

The two problems which challenge the 
chemist are (J) to determine the rtlalirt con- 
figurations or “ partial rotations ” of these four 
atoms in the venous alkaloids, and 2) to prepare, 
m each structural case, the 14 other possible 
stercoisomeiiiios. Tho present position is sum- 
marised in Table II, 


Taans II. 


Caw 

RcprescDtrd br Ibe follewlQa sILsloidi 

•' Tartlsl Rotation "of 
as}-ninieUlc C atoms. 

1 

Cinchonine, quinidinc, and their dibydro derivstives 

12 3 4 

-b - + -f 


epiCinchoniDC, epfquinidme, and their dihydru.den>a. 
tires 


3 

cpiCinchotndioe, cptquuune, and l&cir dihydro. 
derivatives 


4 

Cinehonidine, quinine, and their dihydro-derivativrs 

— 

5* 

d Hydroquioiflo (i-bydrocmcbomdiDO and the corre. 
spending vinyl alkaloids aro unknown) 

~ + + + 

ct 

/ llydroquinidmo (l-bydrocincbonine and the corre. 
spondmg vinyl alkaloids at« unknown) 

- + - - 


Not represented by known alkaloids 

— -h ” 


Not represented by known alkaloids 

- + - + 


• cnsntlomorph of rase 4 J cnanllomorph of ease 3 

t cnantiomorph of case 1. j cnantiomorph of case 2 
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This infornmlion has Ix'cn ohtaincd in the 
following manner : 

When cinchonine chloride in dilute sulphuric 
arid solution is reduced by means of iron filings, 
the halogen atom is replaced by hydrogen, and 
there is formed “ dcsoxycinchonine ” (Koenigs, 
]!cr. 1895, 28. 8143 ; 1890, 29, 372). The siimc 
applies to the other naturally oceurring 
nlhaloids, a distinct desoxy-base being formed 
in each case. These substances arc of central 
piguifieaneo for the solution of the problem, 
iunsmurh .as in their molecules carbon atom 4, 
but not 3, has become symmetrical. For this 
reason, Rabo and his collaborators (Annalcn, 
1932, 492, 242), mistrusting the validity of 
stereochemical arguments based on substances 
obtained by means of idiosphortis pcntachloridc, 
prepared tlie dcsoxy-bascs bj- a rlifTcrcnt route, 
rlz. by heating the liydrazoncs of the cinchona- 
ketones (c.g. cinchoninonchydrazonc) with 
powdered potash : 

C-=N— NHj-)-CH„+N;, 

a method duo to Kishner (J. Russ. Phys. Chem. 
See. 1011, 43, 1398, and later papers). No 
inodilication of the argument, however, was 
nece.ssary. 

The cinchona-toxincs and -ketones furnish 
cn.sc3 in which both carbon atoms 3 and 4 
are rendered inactive together, arhile carbon 
atoms 1 and 2 remain \inchnngcd. It is this 
circumstance which accounts for there being 
only one loxino and only one ketone for any 
one given pair of stcrcoisomoric parent alkaloids. 
The ketones are at first sight, liko the dcsoxy- 
bascs, symmctriral about carbon atom 4 but 
not about carbon atom 3, Rabo sbowed, 
however, that while this may bo the case for the 
solid substances, in solution cnolisation occurred, 
and dynamic equilibrium was established 
between the koto- and the cnol- forms : the 
cinchonakctoncs are tautomeric (Rabe, Kuliga, 
Marschall, Naumann and Russell, Annalcn, 
1910, 373, S.5). Thus the ketones are slightly 
soluble in strong caustic alkali solution; they 
form O-bcnzoyl derivatives and they exhibit 
nmlarotation. The asymmetty' of centre 3 
being destroyed in the cnol- form, complete 
racemisation of this centre, in the koto- form 
also, must take place in solution. 

That the couliguralion of centres 1 and 2 is 
the same for all the alkaloids was forc.shadowcd 
by I'a-stcur (Compt. rend. 1853, 37, 110), who 
observed that any one pair of slcrcoisomcric 
alkaloids w.as transformed to one and the same 
feebly dextrorotatory “ -icinc " (toxinc). Howanl 
(iI.C.S. 1873, 26, 1 177) also noted that the optical 
rotatory powers of cinchonicinc and of quinicinc 
"ere, fairly accurately, the arithmetic means of 
tho'c of cinelionine and cinchonidinc, and of 
quinine and quinidine respectively. The exten- 
tion of this argument from one stcrcoisomcric 
pair to another structurally di.stinct pair 
is made povsible for all the vinyl alkaloid.s on the 
one hand, and for all the hydro-alkaloid.s on the 
other, liy the fact that they all give ri.se to one 
and the lame optically identical mcroquinrne or 
einrholr'ijKin, ns the ca.se may lie. These 
ilegr.adalion product.s of the “second half" 
tont.am the original centres 1 and 2 intact. The 
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Btereochemical gap between the saturated and 
unsaturafed series avas first closed b_v Koenigs 
(Ber. 1002, 35, 1350), who reduced meroquinene 
by moans of zinc dust and cold, fuming hydriodic 
acid, and obtained cincholoipon, optie.ally 
identic<al with that gained from the hydro- 
alkaloids by degradation. Since that time the 
transition from the vinyl to the hydro-alkaloids 
has been often effected by the method of 
catalytic hydrogenation. 

Directly or indirectly, then, all the cinchona 
alkaloids give rise to one and the same einchol- 
oipon, and so have the same configuration about 
centres 1 and 2, the total contribution of whieh is 
weakly dc.xtrorotatory, ns shown by the optical 
rotatory power of the ketones and the toxinc.s. 
The individual configuration at each of these 
centres has been worked out recently (Henry, 
Solomon, and Gibbs, J.C.S. 1937, 594; 1938, (i) 
by a study of the isomcridcs of the unsaturated 
alkaloids formed by the action of mineral aoid.s 
(see section (d) lielow), and the results are 
included in Table 11. For the present purpo.so it 
will .suffice to regard c.irbon atoms 1 and 2 
ns constituting a single asymmetrio centre, 
which is dextrorotatory in total effect in the 
naturall 3 '-occurring alkaloids. On this basis 
therowill bo 8 stereoisomeridcs in anj' one ease of 
a single structural t_vpe. In the hj’droquinino 
series, 6 of these 8 eases aro represenfed. Of 
these, two, i-hydroquininc and rf-hydroquinidino, 
occur naturally ; their full mirror image enanfio- 
morphs, rf-hydroquinine and 1-hj'drnquinidino 
have been sj'nthesised by Rabe and .Schultzc 
(Ber. 1933, G6, [B], 120); the remaining two, epi- 
hj’droquininc and cpihydroquinidine, were pre- 
pared from h.vdroquininonc b^- reduction, ns well 
ns from hj-Ilroquinine or hydroquinidino by 
treatment with amjd alcoholic potash (Rabe and 
others, Annalcn, 1932, 492, 242). 

In spite of identity of configuration at centres 
1 and 2. the stereoisomeridcs cinchonine and 
cinchonidinc — to take an instance — arc, never- 
thclc.ss, distinct, and mu.st therefore have 
opposilo configurations either about carbon 
atom 3, or about carbon atom 4, or at both these 
centres. Now, the distinction between the two 
is preserved in the dcso.xj'-b.ases ; dcsoxj’cin- 
choninc is not the same as desoxj’cinchonidine, 
although they arc identical at centres 1 and 2 and 
also at 4, Ijcing sj-mmetrical at the latter point. 
The two desoxy-bases aro therefore epimeric 
about carbon atom 3. The same applies to tho 
parent alkaloids, except that these mav’ or may 
not be epimeric also about carbon atom 4. The 
ideal waj- to settle this last point would be bj- an 
analogous procedure. Unfortunatcl}', however, 
no derivative of the cinchona .alkaloids is known 
in which carbon atom 3 becomes symmetrical 
while carbon atom 4 remains unchanged. 

Tho problem is solved In- .stuih-ing the reduc- 
tion products of tho cinchonakctoncs. 

Carbon atoms 3 and 4 in the ketones arc racc- 
iniscd by the. dynamic equilibrium of tautomeric 
forms. On reduction back to the secondary 
alcoholic condition, however, they should 
resume a fixed di.s.svmmctiy. Now," tho pro- 
duction of two new asymmetric carbon atoms in a 
molecule already powessed of an indejicndcnt 
centre of dissymmetry, and optically active. 
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tboold result in four non.enantioiDorpIi(nis 
ilcreoi«omendes ; the«e need not necessanly be 
formed in equirslent proportions. The mine- 
tion of the nnehooa-ketones should therefore be 
expected to gire nse to four stereoisomene' 
carbinols ; the original naturally occurring 
pair, and two others. Thi« was first found to be 
the «»e with bj drocinehoninone (Veremigte 
Chinmfabnken. 2immer A Co , G m.b H., 6.P 
330S13, 1920), which, on reduction with 
aluminiuQ] or zinc m alcohohe solution and in 
presence of sodium ethoxide, funuahed the 
strongly dextrorotatory hjdroctnchonine 
(Wp + 150“), the strongly Ixvorotatory hydro, 
cinchonidine ([o]d —Os®), and two other 
alkaloids, one of [a]p .f S8 5® and the other of 
l“]p +4S®. It was then pointed out by King 
and P.ilmer (T C.S 1922, 121, 2577) that, witboot 
having to use the questionable procedure of 
applying m a stnctly quantitative sense Hud. 
son's rule of optical superposition, it was 
neierthcless possible to deduce, justifiably 
enough, that the strongly dextrorotatory 
hjdrocinchoninehad adextro configuration at 3 
and alio at4, that similarly, the strongly Ix^vo 
rotatory hydrocinchomdine had a l»ea con 
figuration at each of those centres} while of 
the two new alkaloids, both of a more feeble 
rotatory poucr than either of the preceding, 
naturally occuTnng stereoisomerides, one had a 
ciextro- at 3 and a It>o configuration at 4, and 
the other, nee rerea, was dtxiro at 4 and /*ro> 
at 3 The argument was generalised by analogy 
to all the cinchona alkaloid*, but it was pointed 
out that, on the evidence, it was impossible 
to establish the constitution of the new ** hydro* 
cinchonines " 

The justification for that generalisation, and 
the identification of each of the new "tjn- 
bs*es “ was fiimi*he<l by Rabe, Irachick, Suszka, 
.Muller, Nielsen, Kolbe, von Utegen and Hoch- 
st&tter (.tnttalcn, 1932, 492. 242) AU the ** <pi* 
ba*ea " («e Table II) were prepared, on the one 
hand, by reduction of the ketones, as bad been 
done in the Zimmer patent with hydrocmchonm 
one, and on the other hand, by epunensation 
of the parent alkaloids by means of amyl 
alcohohe potash, for, in the latter process, it 
was found, for example, that cinchonine gave n«e 
not only to cinchonidine (Koenigs and Husmann, 
Her 1^'9G, 29. 2185). but to a raixtiire in dynamic 
equilibrium of all four ftcrmisomrndcs in 
question— cinchonidine, cpicinchonidine, rp%- 
cinchonine, and unchangeii cinchonine It was 
found, m experimental vcnfieation of King and 
Palmer's analogical gencnli«alion, that the two 
most feebly rotating substances m any ono 
group of four stercoisomcndes were the new 
" tp\ bases " 

hinalJy, all the new alkaloids were identified 
b\ conicrsion to the chlorides, and reduction of 
these to the dc*oxy. bases in each case. In each 
group of four, one “ cpi-base ” gave n*e to one 
previously known ilcsoxy-base, and the other 
to the other. In the case of cinchonine, cm* 
chonidine, and their two new congeners, for 
example, one of the bttcr gave n*e to desoxy* 
cinchonine; it was hence identified as «p»- 
rinchoninc (+ at 3 , — at 4) ; theothcr furnished 
dnoxy cinchonidine, and was assigned its 


position as cpi'cinchonidine (— at 3 ; + at 4). 
This relation is illustrated below. 

Dextro-conflgnratlen at S. 

Cinchonine epiCinchonine 

(+224 4®; (+120-3®; 

+ at4) -at 4) 

L ^1 

I i 

Desoxy cinchonine 
(4=8ymm ) 


LacTo-eonSguration at 3 

epiCinchonidine Cinchonidine 

(+62 8®; (-111®; 

+ at4) -at 4) 

i I 

Desoxy cmclionidine 
(4=8ymni.) 

Hic synthesis of the optical antipodes of 
hydroquinine and of bydroquinidine (Cases 5 
and 6 m Table II) was effected by Rabe and 
Schnltzc (ic.) by precisely the same method 
whereby, as already explained their naturally 
occumng aterecisomendes had been synthesised 
two years earlier. 

The 0 and y^carbon atoms of Aemociache* 
loipon (which had then been synthesised, and 
formed one of the last stages in the mam 
lyntbesis) are unsymmetncaJ, and constitute 
carbon atoms 1 and 2 respectively u the sub 

NH 

HO.C— 

y 

AomoClnrhoIolpon. 

sequent cinchona molecule. RomoCincholoipon 
can therefore exut in two racemic modifua. 
tions, and both were in fact formed. Of the 
resolved, optically active components of one of 
the** forms, one, obtained by means ofd tartanc 
acid, has proved to be identical with diiorao* 
cmcholoipon (i e with that obtained by the 
oxidation of benxoylhydrocinchotoxine). The 
other. Its l«To-enantiomorph, obtained similarly 
by means of I tartanc acid, was estenfied and, 
m the form of its N bcnxoy 1 denvative, was now 
condensed with quinmie ester exactly as before. 
Carbon atoms 1 and 2 in the resulting hydro* 
qumoloxino therefore were Itiorotatory in 
combined effect. Thu new hydroqninotoxine 
was then com erted to a new hydroqmninouo os 
before, which, on reduction, gave nse to a 
mixture of carbmol* containing presumably four 
steieoisomendes Of these, only d hydroquinme 
and I hydixKjumidine, however, were isobted. 
They were identicol m all respects 
caturallr occurnrig f.hvdroquinine and a- 
bydroquinidine respectively, except that they 
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lincl opposite signs of rotation. Nuracric<nUy 
tlio rotations of the new cnnntiomorphs were 
respectively equal to those of hydroquininc 
and hydroquinidine. On admixture, each pair 
of cnnntiomorphs formed a racemic, optically 
inactive compound. 

The other storcoisomeric /iomocincholoipons, 
also present in Rahe’s crude sjuithetic product, 
vero not isolated. They would form the starting 
material for a synthesis of cinchona alkaloids in 
which earbon atoms 1 and 2 would have con- 
figurations differing, rdalivdy to one. another, 
from that present in the natural bases. These 
other /loniocincholoipons would provide a route 
to synthesis of some of the isomerides, which 
cnabloci Henry, Solomon and Gibbs (/.c.) to 
propose separate configurations for carbon : 
atoms 1 and 2, and a discussion of which 
follows. 

(d) Behaviour with Mineral Acids. — A 
broad distinction between the hydro-alkaloids 
and those of the unsaturated scries is that the 
former are substances which are relatively 
stable and indifferent to the action of strong 
mineral acids. These reagents sen’c, at most, to 
demethj’lato the methoxylated hydro-alkaloids, 
hydroquininc and hydroquinidine, to hydro- 
cupreine and hydrocupreidino respectively. 

The unsnlurntcd alkaloids, on the contmry, 
when treated with mineral acids, sometimes 
oven under relatively mild conditions, undergo a 
scries of changes the nature of whicli has been 
and, to a smaller extent, still is a vexed problem 
in the history of these alkaloids. The difficulty 
is to some extent an experimental one. The 
reaction usually gives rise not to a single 
substance, but to a variety of products which are 
difficult to separate i many have a marked 
tendency to form with one another loose com- 
pounds which behave ns single substances. 
Some, particularly the phenolic bases derived 
from quinine and quinidine, are difficult to 
crystallise and to characterise owing to in- 
st.ability in the air, or to indcfinitencss of melting- 
point, or owing to tho fact that they undergo 
slow decomposition on drying for analytical 
pur|)o«C3. 

This problem is still receiving active attention 
in several laboratories, but enough is now known 
to warrant the following tentative account, even 
though it may require modification in tho near 
future. For this rc.a.son also, and in view of the 
complexity of the subject, it will bo more con- 
venient not to cncuml>er tbe discussion with 
references cither to particular cases or to the 
ex])crimentnl evidence. The bibliography of the 
literature on which this account is b.ascd wifi be 
found at the end of this section. 

Three distinct types of subslanco may be 
produ^d when the tmsaturnted cinchona 
alkaloids are treated with mineral acids. The 
first tyi>e {A) arises from tho addition of the 
elements of the reagent to tho double Imnd, 
-The other two types result from the isomerisa- 
tion of tbe parent alkaloids by (11) wandering of 
the diiulile lK)nd, and (C) loss of the double bond 
by intramolecular ether formation involving the 
central hydroxyl group. In - addition, tin* 
mclhoxyl.ated alkaloids, quinine and quinidine, 
undergo demelhylntinn when tho action is 


sufficientlj’’ drastic ; the phenolic bases apo- 
quinine, apoquinidine, and their congeners aro 
then formed. Tho three types have had assigned 
to them tho following structural fomiulm 
rcspectix'cly, which are probably substantially 
correct : 
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Type C. 

Q stands for the qulnnlyl-, 0-liydroxy- or 
mcthoxyquliiolyl rcsldtie. 


A fourth type of substance is also formed. 
This cannot, however, be considered here, ns no 
general agreement has n's yet been reached con- 
cerning its structure. This fourth typo is 
represented by “ S-cinrhonine ” (“ a- and ^- 
cinchonhydrine ”) from cinchonine, “ niquinc ” 
from quinine, and “ niquidine ” from quinidine. 

Substances of typo A (X=halogen) arc formed 
to tlic exclusion of tho other types when any 
vinyl alkaloid is treated with very concentrated 
hot or cold halogen hydracid (c.j. hydrochloric 
acid, saturated nt -17°). The same'substanccs 
arc also produced when any of tho transforma- 
tion products, A (X = — OH), R, or C, are 
treated in similar fashion, except that a higher 
temperature is then requisite. 

When tho acids arc dilute and hot (e.p. 
hydrochloric acid of sp.gr. M2.'; nt 140°), or 
when sulphuric acid (50% and upwards) is 
used instead of the halogen acids, all three types 
aro formed side by side, except that in the case 
of the bevorotatory alkaloids, cinchonidinc and 
quinine, type C is absen*. This statement 
also applies cither to the parent alkaloids or 
to any of the transformation products under 
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No two parent alkaloids arc known to gjvo 
rise to any one and the sanio transformation 
product, it is nssumed, therefore, that the 
configurations of the four asymmetric carbon 
atoms originally prc.sent arc not afTcctcd by 
treatment with acids, and that the transforma- 
tion products derived from other possible, but 
still unknown, parent types would similarly 
occur in distinct sets.* llio c.Tistcnco of three 
jsoquinidincs of one typo renders this assumption 
untenable, at all events in the case of typo C. 
The third tVoquinidino is not derived from 
quinidinc, but probably from a stercoisomerido. 

Tlio following bibliography, on which the 
foregoing account of the behaviour of tho 
cinchona alkaloids towards mineral acids is 
based, is arranged on a chronological basis of 
authors. Tho publications of any ono author 
and his collaborators aro not interspersed with 
those of other authors, so that tho order of tho 
entire list is not clironological. Tho authors arc 
listed in order of date of the earliest publication : 

Zorn (J. pr. Chem. 1873, [ii], 8, 279) ; Hesse 
(Annalcn, 1880, 205, 314; 1888, 243, 131 ; 
1890, 260, 213 ; 1892, 267, 138 ; 1893, 276, 88, 
125) ; Julius (Monatsh. 1881, 6, 750) ; Comstock 
and Koenigs (Bor. 1887, 20, 2510) ; Koerugs 
(Annalcn, 1906, 347, 184) ; Jungfleisch and 
Lfgcr (Compt. rend. 1887, 105, 1255; 1888, 
106, 08, 357, 057, 1410; 1889, 108, 952 ; 1891, 
113, 051; 1892, 114, 1192; 1893, 117, 42; 
1891, 118, 29, 530 ; 1894, 119, 1268 ; 1895, 120, 
325; 1901,132,410,828; Ann. Chim. 1920, 14, 
59) : l/gcr (Compt. rend. 1918, 166, 76, 469, 
903; 1919, 168, 4W; 1919, 169, 67, 797; 
J. Pharra. Chim. 1930, 23, 558) ; Lippmann and 
neissner (Bcr. 1891, 24, 2827 ; 1893, 26, 2005; 
Monatsh. 1691, 12, 327; 1893, 14, 371; 1895, 
16, 34) ; Skraup (Jlonatsb. 1891, 12, 431 ; 
witli Schubert, Jlonatsb. 1891, 12, 669 ; Bcr. 
1892, 25, 2909; Monatsh. 1893, 14, 428; 
1897, 18, 411 ; 1899, 20, 571, 585; 1900, 21, 
512; with Zwerger, Monatsh. 1900, 21, 535; 
1902, 23, 455; 1904, 25, 894; Monatsh. 1901, 
22. 171, 253, 1083, 1097; 1903, 24, 291, 311 ; 
with Egcrcr, Monatsh. 1903, 24, 069) ; Pura 
(Monatsh. 1891, 12, 582; 1892,13,070; 1895, 
10, 08); Neumann (Monatsh. 1892, 13, 051); 
Conlicr von Liiwenhaupt (Monatsh. 1898, 19, 
401); von Aril (Monatsh. 1899, 20, 425); Ijinger 
(Monatsh. 1001, 22, 151, 157); Hlaa-niCka 
(.Monatsh. 1901, 22, 191); JVidmar (Monatsh. 
1901, 22, 970) : Kaas (Monatsh. 1904, 25. 1145; 
1905, 26, 119); Pfannl (.Monatsh. 1011, 32, 
241); Pancth (Monatsh. 1011, 32, 257); 
Bottcher and Horowitz (Monatsh. 1911, 32, 
793; 1912, 33, 507); Babe and Bottcher (Bcr. 
1917, 60, 127); Rosenmund and Kittler (Arch. 
Pharm. 1924, 262, 18) ; Giemsa and Bonath 
(Bcr. 1925, 58. [B], 87) ; P.-ankcl and Buhlca (Bcr. 
1925, 58, (B[, 559); Suszko el al. (BuU. Acad. 
Polonaise, A. 1925, 129; 1929,340; 1933,119; 
1935, 05, 360, 415, 457, 465; Rocz. Oicra. 
1933, 13. 300, 464; Rcc. trav. chim. 1933, 52. 
839, 817; 1935. 54, 481; 1936, 55, 392); 
Henry (with Kolomon, J.C.S. 1934, 1923; 
with .Solomon and Gibbs, ibid. 1935, 900 ; 1937, 
592) : Gotxlson (J.C.S. 1935, 1094) ; Solomon 
(it'M. 1938, 0). 

* ISetla the case of tj-pc 15, footnote on page 150. 


6. Peoperties of Indivihuai- Substances. — 
Tho following list, designed to give more 
detailed information concerning the discovery, 
occurrence, and properties of tho individual 
alkaloids and their derivatives, is arranged in 
alphabetical order of tho naturally occurring 
alkaloids (p. 128). After each description of an 
alkaloidal base there follow descriptions of its 
principal salts and derivatives, and tho more 
important of its transformation and degradation 
products. 

Aricine (quinovatino), C;3H2(i04N2, named 
after tho port of Arica in Peru, was discovered 
in Cusco bark (C. PeUcticrana) by Pelletier and 
Corriol (J. Pharm. Chim. 1829, 15, 575). It 
forms large, colourless prisms from alcohol, 
m.p. 188°, [a]” -58-2° (c=2 in 97% alcohol), 
but -)-14'5° in acid solution. It is soluble at 
15° in 100 parts of 00% alcohol, or 33 parts of 
ether, very soluble in chloroform and insolublo 
in- water. With concentrated sulphuric acid it 
gives a grconisb-ycllow colour, chonging to deep 
blue on addition of ammonium molybdate, and 
this becomes olive-green on warming. This 
colour reaction is also characteristic of ousconine. 
Nitric Jacid produces a deep green coloration, 
and affords a greenish-yellow solution. Aricino 
is astringent but not bitter in taste. It is a 
weak base, and its salts dissociate in water. 

Tbohydrocbloride, B-HCI,2H20. forms colour- 
less prisms, slightly soluble in cold water. Tho 
sulphate, B.-HjSO^, consists of fine needles, 
fairly soluble in* cold water. The acid sulphate, 
B-H2S04, is less soluble. Aricino also forms an 
acetate, a citrate, a hydriodido, and two 
oxalates, tho " binoxalate," B'C2H204,2H20, 
being verj' sparingly soluble in cold water. 
Tho platinicliloride, salicylate, and thiocyanato 
are also described (Hesse, Annalcn, 1878, 185, 
296; MoisSan and Landrin, J. Pharm. Chim. 
1890, 21, 337). 

Chairamidine, C22H25O4N2, was isolated 
from tho bark of Pemijia Purdicana by Hesso 
(Annalcn, 1884 , 225, 253). It is accompanied 
in tho bark by a scries of other alkaloids, and is 
isolated by first removing these as sulphates, 
hydrochlorides or thiocyanates. For details 
of tho method Hesse’s paper should bo con- 
sulted. Chairamidine is a wliitc, amorphous 
powder containing 1 H2O. Tho anhydrous 
substance bos m.p. 126°-128° (dccomp.), and 
[a]p -f 7-3° (e=3 in 97% alcohol). It is insolublo 
in water, and readily soluble in alcohol, ether, 
chloroform or benzene. It dissolves in con- 
centrated sulphurio acid to a 3-clIow solution, 
which slowly turns green. Animal charcoal 
removes it completcl3’ from a solution in acetic 
acid. Cliairamidino Ls a weak base, and its 
solutions in alcohol are neutral to litmus. Its 
salts are amorphous. 

Chairamine, Cj.HjjOjN., also occurs in 
Pemijia Purdieana (Hesse, Annalcn, 1884, 225, 
243), and is obtained ns the ht'drochlorido from 
the mother-liquors remaining after removing tho 
concusconino ns sulphate. Tlic base crv-stallises 
with 1 HjO from dilute alcohol (slender white 
needles) or from strong alcoliol (thick prisms). 
The hydrate melts at 140°, and the anhydrous 
base at 233° ; Hd about -f 100° in 07% alcohol. 
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It is foluWe at II* in 510 parts of 97% alcohol, 
but IS Tcadjly soluble in ether or chloroform. It 
dissolrea to a colourless solution in concentrated 
siijphunc add. but this slowly turns dark green. 
Thu colour is nbio pro»luced when concentrated 
nitric acid h addni to a solution of cbainmino m 
acetic acid. In addition to the crystalline h\dio- 
chlondc u<ed for its separation, a salphalt, 
B|‘H(SO^,8HjO. is also known. 

Cinchamidine. — S'e Hydrocinchonidme. 

Cinchona Febrifuge.-Ajcs Quinctum. 

Cinchonamine, CifH^iON^, wasisohted by 
Amaud (Compt. rend. 18:il, 93, S93 : 1S$3. 97, 
174). It occurs in the bark of^entijto Panltana 
together with cinchonine, concu«conine, chair 
amine, chairamidinc, conchaimminc, and con- 
chairamidme IIcssc (Annalen, 1834, 22S, 211, 
218) gives a scheme of separation The ein 
chommine is purified by taking advantage of the 
in«oIubihty of its nitrate The base crystnUisca 
from alcohol in needles or orthorhombic, tribn- 
luminescent pnsms, m p 18t“-lS5* (llesse), 
195" (Arasatl), {qV^* +121 1* (e=2 in OT% 
alcohol) It IS almost insoluble m cold water, 
but alightly soluble in Lot Hater, from nhich it 
rrjstalUses in short prisms Cinchonsmine 
di-sSolTCS in 31 G parts of 90?o alcohol at 17°, 
and in 100 parts of ether It is aUo soluble m 
chloroform, Vnzenc. light petroleum or carbon 
disulphide. Cinchonamine u aaid to be toxic, 
but more poucrfully antipyretic than ouininc 
Its solutions do not fluoresce, neither do they 
give the tballoioouin reaction. It differs from its 
isomcndes, hyurocinchonme and hydrocm 
chonidinc, in being rc.vJily attacked by potassium 
permangsnato Cinchonamine does not contain 
a methox}! group, but forms a metbiodide and 
an acet>t dcnvatire. With nitnc acid it forms 
a }rUoa, amorphotts, explosive dinitro denra. 
live. 

Cinchoniminc t« a strong discidic base wbVb 
forms uellslcfincd salts Of greatest interest u 
the nitrate, B HNO, (minute prisms, rap 
100°). the in«oUibiUty of which is found useful, 
as already stated, in punfying this alkaloid 
Amaud (Ann. Cliim. 1890, 19, 03) proposed the 
use of cinchonamine for the estimation ol 
nitratce, but the method is limited in itsapplira. 
lion (Howard and Chick. J.S C I 1909. 28. 53). 
Tbo hyiroehianAe, B HCt, soft laminT, or 
P HCI.H}Oi transparent cubical crystals, is 
soluble m 200 parts of water at 27“ (Howard 
and Perry, ibid 1905, 24, I2S1) The tulphatt, 
(pnsms), m contrsdistinciion to a 
number of cinchona alkaloids, is Tcry soluble ra 
water, os is also (be aeid tiilphnle, B HiSO^ 
(octahedra or pnsms). The citrate, hydro 
bromide, hydnodidc, mslate, platimcblpnde. 

r icratc, tartrate, and thiocyanate arc b1«o 
nown. Boutroiix and GenTresse (Compt rend. 
1897, 12S, 4G7) harodcscnbcrl ascncs of rtyslal. 
line double chlondcs with cadmium, line and 
copper. 

Cinchonicine . — Ste Cinchotoxinc under Cm- ' 

cAoaiae. I 

Cinchonldine, Ci,H{,ON,. occurs naturally 
in most cinchona barks, and particularly in 6*. 
rttcctrutra It can al<o be obtained atttffccdly 
by tre.ating cinchonine with amyl alcoholic 
potash (Koenigs and Ilusmann, Her. 1S9G, 29, 


2183). It was first isolated from C. lueujensit 
by Winckler (Jahresbenchl, 1847/184S. 620). 
who called it “ qninidine.” It was renamed 
“ cinchonidine ” by Pasteur (J. Pharm. Chim. 
1853. 23, 123), who suspected that the new 
alkaloid w.as isomeric with cinchonine. The 
confusion which resulted in the literature ma’f be 
t^arded as tyTucol of the uncertainty, which 
existed in (he middle of last century, concerning 
the identity of aeveral cinchona alkaloids (w*. 
eg. Hesse, Annalcn, 1865, 135, 334; 1873, 166, 
243; 1875,176.322; Per. 1877, 10. 2149, 2152). 
The identity of cmchonidine was ^ally plactd 
on a satisfactory K-isis by Skraup and Vortmann 
(Annalcn, 1879, 197, 226), who also gave it lh« 
correct empincal formula. It is isolated (from 
the mother.Iiquors from quinine sulphate) as 
tartrate, and purified either as neutral sulphate 
(llcase, Annalcn. 1880, 205, 196). or os acid 
sulphate ; for the preparation of the latter, 
each gram of enidc, dry cmchonidine base is 
dissolicd in 2 1 e c. of 50°^ suipbunc acid and 
11 c.c. of alcohol. The base is finally tecoxered 
and reerystalliacd from alcohol The product so 
obtained still contains some quinine and hydro* 
cmchonidine, which can be removed by re* 
erystailisation from benzene, and fractional 
crjstalbsation from alcohol respectively (Buttle, 
Henry, and Trevan, Biochem. J. 1034, 28, 
436). 

Crachonidmo crystallises in anhydrous, Utge 
trimctnc pnsms, or tbin plates. Its melting- 
point has been given variously, ranging from 
202* to 210 5* , the melting point given by 
Buttle, Henry, and Trevan (liid. p. 436) for 
their pure cinchonidioc is 201 5*. It u Ixvo- 
rotatory fa)}’* -1070* (c-1 in 1 vol. 
aIcoho!-t-2 vols chloroform) (Lenz, Z. anal. 
Chem 1888,27,503); -8C 2* (6-1-0955 In 
chloroform) (Babe e( al, Annalen, 1010, 373, 
100). -m 0* (e-0878 in 09% alcohol) (Rabe, 
fc); -178" (e=0735, le. d//40 solution in 
0 lA’ H,SO,) (Battle ef el, le.). Cmchonidine 
w almost insoluble in water (I in over 5,000) ; 
•t dissolves m 300 parts of cold alcohol 
(spgr. 0 935) or in 16 parts of 97% alcohol; 
ra over 1,C^ parts of dry ether, but in 
188 parts pf ether spgr. 0-72. It is readily 
soluble in chloroform or amyl alcohol. Cmchoni* 
dine solutions neither fiuoresee nor give the 
tballcioqum reaction (distinction from quinine 
and quinulmc). The alkaloid fa distinguished 
from its Btereoisomeride, cinchonine, in being 
Ixvorolatory, in its greater solubility in ether, 
and by giving an insoluble tartrate. On oxida- 
tion with potassium permanganate it gives n» 
to cinchotenidme (see p, 1546), and with chromic 
acid It is degraded to the same substances that 
aro formeil from cinchonine in like manner. 
On reduction with hydrogen in the presence of 
pislinam or palladium catalysts, hydfO«n- 
choiudine (y p ) is formed Cmchonidine gives 
rise to the same einebotoxino (onchonitme) 
that IS formed from cinchonine. 

Ctnehonidine Sulpbale, Bj-H|SOj, crystAUi^ 
from cold water in neciilcs ccmtaining BH|0, 
from hot water In needles containing 3HtO» 
andfeomalrohQlwith2HjO. The salt becomes 
anhydrous at 100* (m p. 205*, deeonp ), and 
absorbs 2H,0 on exposure. At 15* the salt is 
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polublc in 100 parts of water, 60 of alcohol, or 
1,000 of chloroform ; at 25° it dissolves in 63 
parts of water or 72 of alcohol. The soluhilitv in 
water at 80° is threefold that at 25°. 

Cinehonidine Acid Sulphate, B-HjSO^.SH.O, 
is readily soluble in water; [a]” —133-6° {c= 
0 08 of anhydrous salt, i.e. an Ilf/40 solution, in 
water). The same rotation is observed in MflO 
solution, and in O-lA-HjSO^. The telra- 
Kulphale, B-2H2S04,H20, is slowly soluble in 
water. 

Cinchonidine Hydrochloride, B-HCl.HjO, 
forms monoclinic prisms from water. It crystal- 
lises from alcohol in fine needles containing 
2H;0. The anhydrous salt has m.p. 242°; 

— 117-0° (c=l-214 in water). Tho salt is 
soluble at 12° in 30 parts of water, and in 300 
parts of ether ; it dissolves readily in alcohol or 
in chloroform. 

Cinehonidinc Tartrate, B„-CfHcOg,2H.O, 
forms fine needles soluhlo in 1,205 parts of water 
at 10°, and almost insoluble in sodium potassium 
tartrate solution. 

Other known salts of cinchonidino ineludo the 
dihydrochloride, hydrohroinido, dihydrobromidc, 
hyiiriodide, dihj-driodidc, nitrate, o.valatc, acid 
tartrate, benzoate, salicylate and succinate. A 
number of double compounds w-ith metallio 
salts have been described. 

Cinehonidinc if cthiodide, CjjHjjONj-CHjI, 
is formed from tho components in alcoholic 
solution at room temperature (2-t hours). Fine 
colourless needles, m.p. 248° (Claus and Bock, 
Bor, 1880, 13, 2192). 

Acctylcinchonidinc, Cj5H2j{CO-CH3)ON2, 
results from tho action of acetic anhydride at 
C0°-80°. Amorphous powder (Hesse, Annalon, 
1880. 205, 319; Ililditch, J.C.S. 1911, 99, 238). 

a-Chlorohydrocinehonidine, better a-chloro- 
dihydrocinchonidino (component of “ hydro- 
chlorocinchonidino ”), 

CjH5N-CH{OH)-C,H„N-CHCI-CH3, 

is obtained by tho action of hydrochloric acid, 
either at room feraperaturo -ivitli arid saturated 
at —17°, or at 85° w-ith tho orclinarj' concentrated 
arid. It is isolated from tho products of tho 
reaction ns acid sulphate or tartrate, and then 
fractionated as dihydrobromidc when it forms 
tho more soluhlo component. Tho base (from 
alcohol) has m.p. 231° (dccomp.), [a]^^ —135-6° 
(c-0-5 in iV-HCI) (Goodson, J.C.S. 1935, 
1090). 

The more sparingly soluble component in tho 
dihydrobromido fractionation is a -chlorohydro- 
cinchonidine, which is cpimcric with tho a- 
derivative at tho carbon atom cnrrj-ing tho 
chlorine atom. Tho o'-derivativo (base) crystal- 
lines from alcohol, has m.p. 240° and [ajp’ 
-02-5° (coO-O in A-HCI). Its acid sulphate, 
tartrate and dihydrobromido are also described 
(Good'on, ibid. p. 1097). 

MohylrocineJtonidine, better io<lodihydro- 
einchontdino (hydroiodocinchonidine), 

C,H,N— CH(OH)— CjHiiN— CHI— CHj, 

IS obt.ained by heating cinehonidinc with hydri- 
odic acid (sp.gr. 1-7) on the water-bath. Tlie bajm 
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has m.p. 166° (Neumann, Slonatsh. 1892, 13, 
051). 

apoGinchonidinc (Hesse, L6ger), p-cinehonidine 
(Hcmc, Neumann, Legcr), y-cinchonidine, iso- 
cinehonidine (Hesse, Pancth), 

CjHgN— CH (OH)— CoHjoN >C=CH— CH^ 

Tlieso four names have been used by tho authors, 
whoso names are bracketed after thorn, to 
designate a series of eight substances, tho 
modes of formation and characters of which aro 
assembled in the following table. Most probably 
only two pure substances, which aro geometrical 
isomcrides w-ith tho constitution indicated, aro 
involved ; some, if not all, of tho eight varieties 
described (Table III, p. 154), may bo mixtures 
in differing proportions. 

Tho cinchom'dino isomcrides form • mono- 
acetyl derivatives and react -with concentrated 
halogen hydracids to give tho same halogono- 
hydrocinchonidines as are obtained from tho 
parent alkaloid. 

Jlydroxyhydrocinchonidine, better, hydroxy- 
dihydrocJnchonidino, 

C3H2N-CH(0H)-C7H,2N-CH(0H)-CH3, 

is formed together -with and apocinchonidino in 
tho sulphuric acid method of Leger (Bull. Soc. 
chim. 1919, [iv], 25, 575). Like these, it crystal- 
lises from cliluto alcohol, but it forms a diacetyl- 
derivative. Hydroxyhydrocinchonidino has 
m.p. 242°-243°, and [aj“ —101-7° in alcohol. 

cpiCinchonidine, C„H220N2, is cpimcric wdth 
cinchonidino about the carbinol (CH-OH) 
group. It is obtained cither by hoati.ng 
cinchonino .with amyl alcohoUc potash (300 g. 
alkaloid, 160 g. KOH, 5-5 litres amyl alcohol), 
or by reducing cinchoninono (100 g.) dissolved 
in a solution of sodium (84 g.) in alcohol (2,280 
c.c.), with aluminium powder (84 g.). Tho cpi- 
cinchonidino is isolated from tho ether-soluble 
fraction of tho stcrco-isomcridcs formed, -with 
tho aid of tartaric, dibenzoyl- and dianisoyl- 
tartario acids. It forms small, colourless plates 
from ether, m.p. 103°-104°, [a]“ +62-8° 

(c=0-80-44 in alcohol), is readily soluble in tho 
usual organic solvents, and is non-iluorcscent 
(Raljo and others, Annalon, 1932, 492, 253.) 

Cinehonidinc Chloride, 

CjHjN— CHCI— C7H11N— CH = CH2, 
is formed -w-hen anhydrous cinchonidino hydro- 
chloride (33 g.) dissolved in cliloroform (300 c.c.) 
is slowly treated -with phosphorus pcntachlorido 
50 g.), care being taken to avoid any rise in 
tempemture by cooling with water. Tho 
product crystallises from a mixture of ether and 
ligroin (b.p. 40’-50°) in white crystals, m.p. 108°, 
[a]” -f 78-2° (c=2-020 in 99% alcohol) ; -f 90-9° 
(c=2-009 in chloroform). Tho hj-drochloridc, 
Cj.HsiNjCl-HCl, has [a]’‘ -l-24-I6° (c=l-573 
in water) (Comstock and Koenigs, Bor. 1884, 
17, 1987 ; Rnl>e, Kuliga, Marschall, Naumann 
and Rus-scll, Annalon, 1910, 373, 103). 

Hemryei nehon id ine, 

C,H.N— CHj— CjHjiN— CH=CH;, 

is prepared from cinchonidino chloride. A 5% 
solution of the chloride (12 g.) in 10% sulphuric 
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IM 


X.m,. 

Manner of Fomatloa &om 
Cinchonidine. 

M.P 

[ala. 

Author and 
Ilefertnce. 

opoCmchonldine 

Heating with 3 parts HCI 
(sp gr. 1-125) at 140l*-150® 
for &-10 hours. 

225* 

—129 2* in alcohol 
-160-4® in dll. 
HCI. 

Hesse, Aimalen, 
1880,205.323, 
327, 

opoCinchonidme 

Boiling with 4 parts of 50% 

2547 

—134 4* in alcohol. 

Lfger, Bull. Soc. 


HjSOf for 43 hours. 

to 

256r 

-166 6® in diL 
HCI. 

—139 3* in alco- 
hol-chloroform. 

rbim. 1919, 
[iTj, 25. 674. 

fi Ciochonidino 

Heating with 3 parts HCI 
(sp gr. M25) at 140°-1S0* 
for f^lO hours. 

206* 

to 

2or 

-181-4* in dll. 
HCI. 

Hesse (be.). 

p Cinchonidine 

From iodohydrocinehoni* 
dine and alcoholic KOH. 

244* 

—171 5® in alcohol 

Neumann, Jfon- 
atsh. 1892, 13. 
655. 

p L'mchonidme 

BoOing with 4 parts of 50^^ 

240* 

-126 6® in alcohol. 

l^ger. Bull. Soe. 

HjS 04 for 43 hours. 

to 

241* 

-1815® in dll. 
HCI. 

chim. 1919, 
livl. 25, 573. 

y-Cmcboaidine 

From iodohydrocmchoni. 
dine and alcohoLc 
AgNO,. 

233* 

— 1C4 6' in alcohol. 

Neumann, Mon* 
atsh. 1892,13, 
659. 

isoCinehonidine 

Solution 10 cold cone. 
H.SO.. 

235* 


Hesse, Annalen, 
1888,243.149. 

ijoCinchonidino 

Heating with 6 vols. of 
25.V.H,S04 at 100* for 

252“ 

-129* m alcohol- 
chloroform. 

Paneth, Mon- 
atab 1011,32. 
259.t69. 


■rid u fhdkrn with iron filings (17 g) for 72 
hours. The prodocl cTTstAlluts from hgran, 
bu m p eCf-fi?*. and C«]o -299* («=2006 in 
09% alcohol), or —19 7* in chloroform. On 
treatment with alcohobe potash it gives ns« to 
cinchene {itt vndtr cinchonine) (Koenigs, Brr. 
i 1890, 29. 373 ; Rabe ti cl . Annaleo, 1910, 873. 
IOC). 

CineJioUtxdtne, 

C,H,N— CH(OH>— C,H„N— CO,H. 
and formic and arc formed when cinchoiudine is 
oxidL«od with potaasium perraanzanate (Skraup 
and Vortciann. Annalcn, 1879, lOT. 235 , Hew, 
Ber. I8S1, 14, 1892). It cr^wtaUisn from 
alcohol in feathery crystals, or from water in 
monoclinic pnsms containing 3H|0 It has 
ra p. 256* (deeomp.), Ia]p* —201 4® (c— 5 in 
water eontamuig 3 equiralents of HCI), is 
rpanngly soluble in cold water, readily ao in 
hot, and diasolres in COO parts of boding alcohol. 
It IS soluble in acids as well as in caustic alkalis 
and is precipitated from the latter by carbon 
dioxide. Cinchotenidine is non fluorescent. 

Cinchonine, ON., was first isolated in 

the pure condition by Pelletier and Caventou 
(Ann. Chim. 1620, 15, 295). It occurs in all 
cinchona barks, one of the best sources being 
CiscAona 3/icrontAd. For purposes of qumine 
manufacture it ranka as a by-pr^uct and can be 
readily obtained from the crude isother'bqoors 
from which quinme sulphate has beenemlalhsed. 
by taking advantage of its sparing aolubiLty in 
ether and in alcohol. The cinchonidine is first 
Trnio%ed as tartrate, the nixed residual bases 
treate*! repeatedly with alcohol or ether, and the 
insoluble ciocho^e either recryitalliied Irota 


boding alcohol or converted into sulphate and 
recryataUised from water. The cuichoiune la 
finally reeryataJliaed from alcohol several times 
to remove traces of quioidino. The alkaloid so 
prepared (adaptation of a method given by 
Hesse, Annalcn, 1862, 122. 227) contains about 
15% of bydrocinchoruno which can bo removed 
by fractional cryataUisation of the d^)dro- 
bromidca, cinebonine dihydrobroDiido being the 
more soluble component (Duttle, Hen>y and 
Trevan, Biocbem. J. 1934, 28, 437) or by Thron 
and Dtrscherl's method (Annalen, 1035, 515, 
253). AJlbongh tho eoneet cmpincnl formula 
was given by Laurent in 1848 (Ann. Chun. 1848, 
19,365), the formula, C„H„ON,. proposed by 
Result in 1838 (Annalen, 1838, 26, 15) was 
current .untd 1870 when Skraup (Annalcn, 

1879. 197, 353) finalTy afiowed tfiat Laurentk 
formula must be adopted. Cinchoiuno crystal. 
Iises from alcohol or from ether In pnsms, the 
recorded meltmg point is very variable, and 
depends on the rale of beatmg (Hesse, Annalcn, 

1880, 205, 213, footnote); it is given as 255 4 
(Lenz. Z. anal. Cbem. 1889, 27, 57i), 234 
(Buttle. Henry and Trevan, ie), 264^ 
(Jungfleisch and L6ger, Compt. rend. 1901, 132. 
830), and 268 8* (Skraup. Annalen. 1879. 197. 
355). It IS dextroroUtoty, the mean of several 
published values being (o)d +225* in alcohol. 
Tho addition of chloroform, which enables a 
•tronger solution to be made, raises the speeme 
rotation (+234®). An Jf/40 aolulion in 
O-IA’-HjSO, shows +263 r. Cmchonine 
is soluble in 3.810 parts of water at 10®, 3.670 at 
2Cf, and 2,500 at lOCP ; it di*«>lv« in 115 porU 
of alcohol at 17°. but in 28 norU of the boitog 

solvent; in 370 parts of cold ether (sp gr, 0-73). 
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anil in 18 parU of a mixture of alcohol (4) and 
chloroform (1), although its solubility in chloro- 
form alone Is only about one-third of that in 
alcohol. Cinchonine is fnirl}- soluble in boiling 
amyl alcohol and in hot, but not cold, benzene. 
The addition of alkalis to aqueous solutions of 
cinchonine salts produces an amorphous pre- 
cipitate avhich gradually becomes crystalline, 
and u hich is .stated to be more easily soluble in 
solvents than the crystalline form. Cinchonine 
begins to sublime at about 220° and boils with 
some decomposition above its melting-point; 
in a vacuum, however, it is volatile unchanged. 
It is non-iluorescent and docs not give the 
tlmllcioquin reaction. Unlike cinchonidinc, it 
forms a soluble tartrate. Like quinine, cin- 
chonine is bitter to the taste. Although cin- 
chonine is a fairly’ strong diacidic base, aqueous 
solutions of its salts are liable to hydroly'sc and to 
deposit the base. On oxidation with potassium 
permanganate it gives rise to cinchotenine, 
and w ith chromic acid it funiishcs cinchoninonc, 
cinchoninic acid, meroquinene, cincholoiponic 
acid, and loiponic acid (for fuller descriptions of 
these products of o.xidation, xec below). On 
catalytic hydrogenation, hydrocinchoninc (<f.v.) 
is formed, while heating the acid sulphate with a 
little water at 140°, or boiling a solution of 
cinchonine in dilute acetic acid, gives rise to 
cinchotoxine (einchonicino) (see below). With 
strong mineral acids various addition and trans- 
formation products arc formed ; and with amyl 
alcoholio potash cinchonine enters into dy’nainic 
equilibrium with cpicinchonino, cpicinclionidinc, 
and cinchonidinc. 

Chirfioninc Sulphate, B2’H2S04,2H20, 
crystallises from water in the* form of hard, 
transparent prisms, which become anhydrous at 
100°, and then have m.p. 200° (detomp.). 
It is rc.adily soluble in alcohol, less so in water 
(70 parts cold, 13 parts at 100°), and dissolve.s in 
chloroform to about the same extent ns in water 
(<Iistinction from quinine and cinchonidinc). 
The salt dis.'.olvcs in 2,300 parts of ether at 25°. 
In 97% alcohol it shows [a]^ -bl93’3°— 0-374c, 
where c = grams of base in 100 c.c. The optical 
rotation in chloroform is -1133°. 

Vinchonine Acid Sulphate, B-H2S04,4H20, 
large, eolourlc.ss prisms, is difficult to crystallise, 
being very soluble both in water and in alcohol. 

Ciiirhnuiiic Hydrochloride, B'HCfiSHjO, 
cry.stnlli-ics from water in efllorcsccnt prismatic 
crystals, which contain only 1 H2O when dried 
in the air. The anhydrous salt melts at 217°- 
218° (decomp.) (Hcidelberger and Jacobs, 
>1. Amer. t'hem. Sue. 1919, 41, 819). It has 
-i- 177-4" (c.--! 1-083 anhydrous salt in 
Water) ; [a]"’ -f-133-C' (ct = l-407 in chloroform); 
[a]” .i-lcr>-5° (2-42.-)c in water) -}-214° (l-72c 
in Water containing 2 equivalents of HCI) 
-1 172-7'* (crsl in 97% alcohol), and -t-1G3-G°(c~ 
10 in 97');, ahxihol). The fait is sohible in the 
«'hl in 22 pails of water, in 1 [lart of alcohol, 
and 290 parts of ether. It also dissolves in 
cnioroform. 

Among other salts of cinchonine may be men- 
tioned tin- liihydrochloride, hydrobromide, 
dibydrobromidr, hydriodide, dihydriodide, 
hydriodate, nitrate, oxal.tte, d-tartnitc, and 


bitartrate, 1-bitartratc, benzoate, two citrates, 
salicylate, succinate and thiocyanate. A 
number of double compounds with metallic 
salts are known. 

Cinchonine Methiodide, 

CjHjN— CH(OH)— C,H„N(CHjl)— CH = CH,, 

is formed with a little difficulty from the com- 
ponents and melts at 254° (Claus and Jliillcr, 
Ber. 1880, 13, 2290, footnote). 

Cinchonine Ethiodidc, 

CjHjN— CH(OH)— C,H„N(C;HjI)— CH = CH;, 

is prepared by the gradual addition of ethyl 
iodide to a boiling solution of cinchonine in 
alcohol in the dark. It crystallises from water 
in white, silky anhydrous needles, decomp. 2G0° 
(Claus and Kemperdick, Ber. 1880, 13, 228G). 
Isomerio Cinchonine Ethiodidc, 

C(,H,N(C2Hit)— CH(OH)— CH^CH,, 

is made by heating 40 parts of cinchonine 
hy'driodidc with 15 parts of alcohol and 15 parts 
of ethyl iodide for 2 hours under pressure. 
Tho product (base) crystallises from w-ater in 
orange needles, and from alcohol in orange 
prisms, m.p. 184° (indef.) (Skraup and von 
Nonvall, Monatsh. 1894, 15, 40). It is oxidised 
with potassium permanganate to tho ethiodido 
of cinchoninic acid (Skraup, ibid. 433), and 
with a further molecule of ethyl iodide readily 
gives cinchonine dicthiodide, 

C,H,N(C:2HsI)— CH(OH>— C jHiiNICjHsI)— CH-=CHj, 

also formed from tho white monoethiodide, or 
from cinchonine, by heating at 150° with ethyl 
iodide in a scaled tube. It crystallises from 
w-atcr in large, dark yellow prisms with 1 HnO, 
decomp. 264°. It is readily soluble in ■water, 
and less soluble in alcohol than tho white mono- 
ethiodidc (Claus and Kemperdick, Ber. 1880, 13, 
2288). 

Acetylcinchonine, 

CjHjN— CH( 0 — COCH3)— CjHiiN— CH ^CHj, 

results from the action of acetic anhj’dride at 
G0°-S0° for 2 hours. Amorphous powder 
(Hesse, Annalcn, 1880, 205, 321 ; Hilditch, 
J.C.S. 1911, 99, 238 ; Sccklcs, Bee. trav. chim. 
1923, 42, 71). 

Uenzoylci iichon i nc, 

C5H4N— CH( 0 — COCjH;)— C-HjiN— CH’=CHj, 

is prepared by tho action of cxcc.ss of benzoyl 
chloride on cinchonine. It crystallises in prisms 
from ether and melts at 10G°-107° (lA-gor, Bull. 
Soc. chim. 1893, 9, 714 ; eee also Skraup, 
Monat.sh. 189.5, 16, 1C3, .and Sccklcs, Bee. trav. 
chim. 1923, 42, 71). 

a-Chlorohydrocinchonine, better a-chloro- 
ilihydrocinchonine (component of “ hydro- 
chlorocinchonine ”), 

CjHjN— CH(OH>— C,H„N— CHCI— CHj, 

is isolated as the dihydrochloride from the 
products of the reaction of concentrated hydro- 
chloric acid and cinchonine (Good.son. J.C.S. 
193.5, 109G). The base crystallises from alcohol 
in needles, has m.)). 230° (decomp.) and [a]^° 
-5-220-0° (c=0-5 in .Y-HCI). The dihydro- 
chloridc melts at 283°. 
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Tbe mother-bquors from the crude dihjdro* 
chloride contAin o'.eA/orDAydroc«BcAo7ii»c» which 
15 epimene with the e-denrative at the carbon 
atom carrying the chJorme atom. It is purified 
in the form of its tartrate, which is crystallised 
from methyl alcohoL The base, which crystal- 
lises from alcohol in minute needles, has mp 
223“ (dfcomp), and W” -f-KGO® (e=05 m 
A’-HCI). The dibjdrochlonde melts at 276* 
{dicomp.) and the tartrate, which ciystaUisca 
from methyl alcohol with 2HjO melts, aben 
anhydrous, at 212® {Jeeomp ). 

BromoAydrocincAoajn#, better bromodibydro 
cinchoiune (hydrobromocinchomne), 

CjH.N— CH(OH>— C,H,,N— CHBr— CH^ 
first prepared from cmchorune by Shraup 
(Annalen, ISSQ, 2Q1, 324) and Comstock and 
Koenigs (Her. 1887, 20, 2520), is obtained 
Dom cinchonine or a or ^ tsoeuichonine. aUo- 
cinchonine, or a or ^ bydroxjhjdrocinctiomne 
by heating with 10 pArla of 50% hydrobromie 
acid at 100“ (SLraup, Copony and Medanich, 
hlonatsh 1000. 21, 612, Zwerger. thtd. 1003, 24, 
119 5 Lfger, Bull. Soe chim. 1918. tir], 23. 133. 
323{ 1910 ,[it], 25.2G0) The base has m p. 185*. 
the dihydrohromide crjataUises from dilute hy- 
drobromic aeid in colouxless pnsms, m p 242 - 
243“ (Zwerger). [a]” -hl40 l“(e=>l 9S9 in water) 
(Lfgcr) The French antbor abo oientiocu a 
atercoiaomenc bromohydro compound, (aj^ 
+ 127 3“. 

a /edoAydroeincAonine (hydroiodociocbonme). 

C,H,N-CH(OH)-C,HnN— CHI-CM,, I 


by ita great stabihty (Rabe and Bdtteher, Ber. 
1917. SO, 127) ; it can bo distilled without 
decomposition. It crystalh^is from ether in 
coloarleas anhydrous pnsms, m p. 130-4“, 
W” +53 1“ (c=l in 97^0 alcohol), and +62 6* 
in water containing 4 equiralenta of HCI. 
It 15 almost uisolubto m water, but dissolves 
readily in alcohol, ether, acetone, benzene or 
chloroform. It is a strong bitertiary base, 
which IS alkaline even to pbenolphtbalcin. Its 
oxygen atom has tho ether function, for it cannot 
be aeylated, and does not react with phenyl- 
bydrazme. The hydrochloride, B HCJ,3HjO, 
hasmp 226“, and +5® (c= I of anhydrous 

aalt in water). On beating ita acid sulphate to 
140“, o-isoeinchonme undergoes the “ Pasteur ” 
reaction (Skraup and Zwerger, Monatsh. 1900, 

1 21, 535 : Ksas, lAtif. 1905, 119) girtng nse to 

I “ a-iso ^ cinchonieine," which, in the light of 
I the researches of Suszko and his collaborators on 
the tsoqiunidmes, must be formulated as 

C,H-N— C(0)-CH— CH,— CHCT * ^NH 
I ^CH— CH,-^ 

I (!h— CH, 

(see Dubas, Konopnicki and Suszko, Rocz. 
Cbcm 1033, 13, 464). On boding with dduts 
acetic acid, a isocmcboruno u coorerted into 
hydroxyhydrocmchotoxme, 

-CH-— CH.. 

C,H,N-CO— CH,— CH,— F H 


IS formed in predominating proportion when 
cmchorune or a Moetnchonino u heated at 100* 
with hydnodie acid (sp gr. 1 7) Tbe base, 
mieroscopie eolourlcta leadcte, has mp. 153*- 
[ 15C* idteomp). The hydrochlonde baa fain 
189 2“ (L^ger. ifi.d . 1918, [iv], 23. 240, 
a'.Iodohijdrveinchomne (bydroiodoupocincbou- 
ine) IS the epimendc of the preceding substaoce 
at the iodine carbon atom, and u formed from 
oHocinchonine and p irocinchoninc. Its hydro- 
chlornie has [olg +170-5" (L^ger, ic) 
a \aoCtnehonine (einchonihnc), 

C,H,N-CH(0)— C,HnN— CM— CM,. 


is oLtnincil by boiling cinchonine with four 
times Its weight of 50% sulphuric acid (Jung- 
ficiscb and Wgcr, Compt. rend. 1887, 105, 
1255 ; 1888,106. es, 657 , 1891,113,651 ; Ann 
Chim. 1920, 14, C2, 129 e< ttq. ; liease, Annalen, 
1888,243. 147 ; 1690,260,213). Kcansbiobc 

E repared in a ranety'of other ways, such as 
eating cinchonine with hydrochlonc acid 
(Hesse. i5i<f. 1893, 278. 01), or, best perhaps, 
by remoial of hydrogen halide from halogeno- 
hydrocinchoninc by means of alcoholic potash 
(Comstock and Koenigs, Her. 1687, 20, 2521 . 
bkrsup, Alonatsh. 1891, 12, 431 ; 1899, 20, 
585 : Her. 1892, 25. 2009 ; Jungfleiseh and 
L/ger, Compt rend. 1894. 118, 29). The last 
method Is to be preferred on account of yield, 
Hesse (Annalen, 1893, 276, 95} baring abown 
that a-ieocinchonino is conrertcrl into the 
P tsommdo by the action of lulpbune acid, 
a uoCmchonine is, ncrertheless, characterised 


(Rabe and Bbttcher, I c.). 

P iSoCintfiomnt (cmchonigine), a itcreoiso- 
mende of the preceding snutance, is probably 
epunene with it at carbon atom “ 6 *’ (see section 
M, p I49e) and is usually formed aide by side with 
It. as well as from it by the action ofsulphunc acid 
(see references above, and Jungfleiseh and I/gcr, 
Compt. mid. 1883, 106, 357 ; Ann. Cbim. 1920, 
14, 105 el »eq . ; Hesse, Atmalen, 1693, 276. 88 ; 
Skraup, 2Ionatsh. 1899, 20, 57t ; 1900, 21, 512). 
It IS even more stable than a isecmchonine. 
It exhibits dimorphism and separates from 
ether m transparent anhydrous crystals, 
belonging eithc to the orthorhombic or clino* 
rhombic systems. The two forms sro rcvetsiUy 
inicrconrcrtiblo. ^ isoCtnehoniue has m p. 
1307*, [a]” -GO 1* (C“l in 97% alcohol), and 
—36“ in water containing 4 equivalents of HCI. 
It isalmost insoJuble in water, but readily soluble 
in roost organic solvents including ether. It is a 
strong bitertiary base, but weaker than its 
a isoroendc, being alWaiine to blmus, but not to 
pbenolpiithalcin. It contains no hydroxyl or 
Leto group. Tbe hydrochloride melts at 213 , 
and IS soluble m about 50 parts of cold water ; 
fa]" —65 2® («=»I, anhydrous aalt, water). On 
heating its acid sulphate to 140“ P isocinchoninc, 
like the a isoroendc, undergoes tbe “ Pasteur 
reaction (Skraup, Ckipony, and Jfedsnich. 
Monatsh 1900. 21. 612 ; Koas. ibid. 1901. 25, 
1145 5 H>0.'>. 20. 119) giving nso to 
ctnchonicinc.’’ The same substance u also 
obtained by tbe isomerisation of cinchotoxine 
(oxalate) by means of concentrated sulphuno 
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ncid at 100’ (Skroup and Egercr, ibid. 1903, 24, 
609). 

ailoC inchonine (apocinclionine, pscudocinchon- 
inc), 

C,H,N-CH(OH)— C,HjoN> C = CH— CH,, 
n an isonicrido of the preceding two substances, 
and is usually formed along with them. It is 
a liitcrtiary base, forms acyl dcris’atives and 
adds the elements of hydrogen halide, giving 
ri'O to a small proportion of the same sub- 
Ft.sncf.s, which, under like conditions, are formed 
from cinchonine: the greater proportion of the 
resulting halogen derivatives are the same as 
those produced from ^-isocinchonino. It crystal- 
lises from alcohol, has m.p. 21G°-218° and [a]^ 
-f l.'iO’ (0=1 in alcohol). It is characterised b 3 '’ 
the sparing solubility of the base in ether, and 
of the neutral sulphate in water (Jungfleisch 
and Lcgcr, Ann. Chim. 1920, 14, 145 ct scq., in 
which arc further references to o/iocinchoninc). 
Although a geometrical isomeride of allocinchon- 
ino is unknown, a base, m.p. 232’-234°, not 
identified with certaintj’, by Jungfleisch and 
1/gcr (ibid. 181), probablj’ constitutes the 
missing substance. 

a-llydroTyhydrocinchoninc, better a-hj’droxy- 
dihydrocinchoninc, 

C,H,N— CH(OH>— C,HnN— CH(OH)— CH3, 

is formed together with the preceding substances 
when cinchonine is heated with 50% sulphuric 
acid (Jungfleisch and Wgcr, Compt. rend. 1887, 
105, I2r>r, ; 1888, 106, 08 ; 1889, 108, 952 ; 
Ann. Chim. 1920, 14, 71 ci ecq. ; I..6gcr, Compt. 
rend. 1918, 166, 903 ; 1919, 168, 404). It 
ciyptalliocs in colourless prisms, m.p. 2.52° 
(dffomp.), -fl 82-0° (c=l in 97% alcohol). It 

is charactcri-scd bj- its sparing solubilitj’ in ether 
and read}' solubility in 50% alcohol. It is 
almost insoluble in water, but dissolves readily in 
acetone, benzene or chloroform. a-Hydroxy- 
hydrocinchonino givc.s rise to a diacetjd deriva- 
tive. It is a strong bitertiary base alkaline to 
plicnolphthalcin. The neutral hj'drochloride, 
B’HCI,H.O, has m.p. 230° and -f 174-4° 
(r = l in water with 1 equivalent of HCI). The 
salt is very sparingly soluble in water. 

fi-Ihjdroxyhydrocinchonine, better P-hydroxy- 
dihydrocinchonine, is the cpiracridc of the 
foregoing substance at carbon atom “ 5 ” (sec sec- 
tion fid, p. 149c). The two epimcridcs are formed 
together {fee references above, and Jungfleisch 
and Ugcr, Compt. rend. 1891, 119, 12GS; 
1919, IGS. lai ; Ann. Chim. 1920, 14, 89 el scq.). 
It crj-?talli«r,s from 90% alcohol in small 
colourless, prismatic needles, m.p. 273° {decornp.)’ 
[o]” -f 187-2° (c-=l in 97% alcohol), or -f 203-1° 
in u.-itcr containing 2 equivalents of HCI. 
Although it is insoluble in water, /S-ln-droxj-- 
liydrocinchoninc is not immediatch- precipitated 
by alkalis from aqueous solutions of its salts, 
but separates in a fine mass of needles after .some 
hours. It is rcadilj- soluble in alcohol, but not in 
acetone. It has a low solubility in chloroform, 
although this solvent will take up a good deal of 
the Ka-e at the moment of precipitation from its 
pslts ; the greater part of the alkaloid is soon 
di-pwitcd in the ciy-stalline state. Like the c- 


cpimeride it forms a diacctj-l derivative, and is 
alkah'ne to phenolphthalein. A number of salts 
have been described. 

a- and P-Cinchonhydrine, components of 
" S-cinchonine,” are substances of disputed con- 
stitution, the formid.-e in question being 
C,gHjjONj. CjgHjiONj, and CisH.jON,. 
They are formed together with the cinchonino 
isomeridcs described above, when bromohydro- 
einchonine base is heated with dilute alcohol, or 
with alcoholic potash (Jungfleisch and Legcr, 
Compt. rend. 1894, 118, 29 ; Ann. Chim. 1920, 
14, 158, 162, 165 ; Legcr, Compt. rend. 1919, 
169, 797 ; Cordicr von Lowenhaupt, Jlonp.tsh. 
1898, 19, 472 ; von Arlt, ibid. 1899, 20, 440 ; 
Langcr, ibid. 1901, 22, 157). The a-isomeride 
crj'stalliscs from ether in prisms, m.p. 144-4°, 
Wlf +193-8° (c=l in water containing 2 equi- 
valents of HCI), or -fl39-8° in alcohol. The 
^-isomeride is similar. It crystallises from 
ether in prismatic needles, m.p. 153-8°, [a]^^ 
-fl06° (c=l in water containing 2 equivalents 
of HCI), or -f-72-2° in alcohol. The cinrhon- 
hydrincs are said to bo the analogues of niquino 
(see under Qtii.siXE), and to be tertiary- 
sceondarj’ bases ; they form diacctj-l-deriva- 
tives. 

A number of other “ transformation products ” 
of cinchonine arc described in the literature. 
5Iost of these, if not all, can be ignored ,- some 
arc identical with, or are impure forms of, one 
or other of the substances described above ; 
many arc obvious mixtures of one or more of the 
authentic compounds with one another, or w-ith 
hj-drocinchoninc (derived from commercial 
cinchonine). For a valuable summary of the 
position in 1899, which is still largelj* valid owing 
to the fact that most of these spurious isomeridcs 
had been prepared before that time, see Skraup, 
Monatsh. 1899, 20, 571. 

Cincholoxine (cinchonicinc), 

CjHjN— CO— CH;— CH,— CjH,N— CH = CH„ 

occurs in commercial quinoidinc, the question 
of its pre-existence in the bark being in dispute. 
It is best obtained nrtificiallj- from cinchonino or 
cinchonidinc, either bj- melting (or heating with 
gl\-ccrol at 210°) the acid sulphate or tartrate, 
of cither base, or, best perhaps, bj- tho “ wet " 
process of von Miller and Rohde (llcr. 189.5, 28, 
1064), in which cinchonine is boiled with 14 parts 
of 7% acetic acid for 33 hours. Cinchotoxino 
crj-stalliscs from absolute ether at 0° in long, 
thin prisms, m.p. 5S°-59°, [ 0 % -f46-3° in 
chloroform (c=2), -f 47-2° (Howard and Chick, 
r. infra), and -t-37-7° (Roques, r. infra), in 
alcohol; -f33-6° (c=l in water containing 4 
equivalents of HCI). It is rcadil_v soluble in 
ether (2 parts), alcohol, benreno or chloroform, 
less so in petroleum ; it dissolves in 564 
parts of water at 1S°, but is more soluble in 
aqueous solutions of ammonium s.alts, from which 
it cxjK-ls ammonia ; it is a strong base vs Inch 
abnorb-s carbon dioxide from the air. Cincho- 
toxine forms a crxsfallino hydriodide. oxalate, 
tartrate, nitrate (m.p. 160°), and double 

salts with zinc, cadmium, and platinic chlorides. 
Cinchotoxino is a tertiarv--'econdarv- base, which 
forms crx-stallinc alkj-lhalidc=. It is a ketone, 
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forming & jtBow phMj-lhjdrazone, mp. 14S*, 
from a mixturo of alcohol and light petroleom. 
CuicbotoxiDO 13 non Buoresccnt and docs not 
iTspond to the thalleioquin reaction, but gives a 
magnificent purple coloration with diaaobenzene- 
aulphonic acid m presence of alhah. It reacta 
vrith amyl nitnte m presence of sodium ethoxide 
to form an isonitroso* dcniatne, and mth 
nitrous acid pvrs a rutrosamme (N nitroso* 
derivative). (See Pasteur, Compt. rend )S33.37, 
no ; Hesse. Annalen. 16CS, |47, 241 , 1873. 
166, 277; 1875, 178. 253 ; Howard. J C.S. 
1872,25,101; Howard and Chick. J.S Cl 190D, 
28, 55 : Hoque*. Bull. Soc. chim. 1805, [luj, 13, 
1005; Ann. Chim 1897. 10. 234) 
epiCiw^fmiae. C]|HjjON,, la epimrnc with 
cinchonine about the carbinol (CH OH) group 
It IS obtained by reducing einchomnone (100 g ), 
dissolved m a solution of sodium ethoxide (Na 
84 g in alcohol 2.2$0 c c ), with aluminium 
ponder(S4g) Theepieinchoruncisisolatedfrotn 
the ether soluble fraction of tbestereoisomcndes 
formed, with the aid of tarlanc. dibenzoyl . and 
dianisojl* tarlano acids. It crystallisro from 
ether m long, eolourless prisms, pointed at their 
ends.mp 82®-83Mo)” +120-3* (c=0 8064 m 
alcohol). It 13 non fluoresrent, and very soluble 
in all the usual organio sohenta (Rabo and 
others, Annalen. 1932. 492, 253) 

CincAontnoRe, 

C,H,N— CO— C,H,iN— CH-CH,. 

IS obtained in verj* low jicld by the gentle 
oxidation of cinchonine or cinchonidine with 
ehromie acid (Habe, Ber 1007, 40, 36>5, 
IDOS, 41, 63 : Annalen, 1909, 364, 338) It i$ 
best prepared indirectly from cinchotoxine 
The toaine (56 g ) in cold A' hydrochloric and 
(200 e c.), cot er«i with a laj cr of ether and well 
alirrrd, u first N brommated by introducing 
in a thin stream a cold solution of bromine 
(32 g.) in 6% sodium hydroxide solution (400 g ) 
(i.e, NaOBr) The N-broraotozine (m p 153*) 
rrystallisea from ether, and is converted to 
einihoninono by treating a hot solution of 1 g in 
2*> c c. of alcohol with 3 c c. of a cold sodium 
cthoxido solution contAining Na 0-15 g (Kabc. 
Ber. 1911, 44, 20S9) Cinchoninono crystallises 
from ether or from 50®o alcohol in well dclined, 
faintly yellow pn«Tiis, m p 126*-I27". It 
exhibits mutarotation, the final values being 
[a]” +7Cr(c^3302ra99% alcohol), and (a}” 
+74 7* (e=3 305 in benzene) (Rabc and others, 
Annalen, 1910, 373, 110) Cinchoninone is 
readily soluble in alcohol, ether, benzene or 
chloroform, but not in water, and sparingly 
soluble in light petroleum. It dis-solves sbgbtly 
with a yellow colour m aqueous alkalis (enolisa. 
tion). The bydrochlondo (m p. 252®-253*) m 
very sotuLlo m water. The initial values of the 
optical rotation of this salt depend on whether 
it has been prcpareil from a fresh or stale 
solution of the baM ; the final values, however, 
aro the same: [a]j^ +1CCC* (c»l 656 in 
chloroform) and +C6+® in water (Raho and 
others, Lc.). Cinchoninone forms an amorphous 
oxime, and a benioyl^lcnvative (denvevl from 
the enol form), w hich cryitalhves from petroleum 
(b p over 60') m white needles, m p. 133’, On 


rednetion in a siutablo manner, cinchoninone 
gives rise to cinchonine, epicmchonine, epi- 
cinehoiudine, and cinchonidine. 

Cinehonine CAlorufe, 

C,H,N— CHCI— C,H„N— CH=CH^ 
is prepared by treating dry cinchoniuo hydro- 
chloride (33 g ) in chloroform (300 c.e.) with 
phosphorus penlachloride (50 g ) in the eoM 
(Ral« and others, Annalen, 1910, 373. 101) 
The product (m p. 72*) crystallises from ether 
or from aqueous alcohol with SH.O, which 
IS lost over snlphutie acid : the anhydrous have 
then melts at 110*, and has H 5.5 7* (c» 

1 975 in SD'Jo alcohol), and +62 2® (e=2 007 in 
chloroform). It is readily* soluble in most 
organic solvent*, but cot in water (Koenig*, 
Ber. 1880, 13, 2S6). Its hy drochloridc has [a]^ 
+49 5“ (c= 1*5555 in water). 

Desoxyetttthonine, 

C,H,N— CH,— C,HnN— CH-CHj, 

13 made bv reducing einehonine chloride liii- 
solved in 20 parts of 10°o sulphuric acid, with 
I) parts of iron fihngs at room temperature for 
72 hours. The desoxy-boso cf;»talh»cs from 
bght petroleum, has m p 91®, and (a)j,* + 179 3* 
(c»2 025in99*?o alcohol), and +194 3® in ehloro 
form (Babo and others, Annalen, 1910, 373, 165, 
IOC). 

CincAene, 

C,H,N— CH-C CC,H„N— CH-CH,. 

IS fonced when emrhomne or rinehonidme 
chloride is boiled with alcoholic potash. It 
crystallises from light petroleum in eoloiirira* 
leaflets, m p. I33*-i25®, and i* dextrorotatory. 
It can be di>ti)]cd without derompo«ilion 
(Koenigs. Ber ISSl, 14. 1854; Koenigs and 
Comstock, itid. I6S5, 18, 1219; Koenig*, ibid, 
1895.28, 3146). 

apoCiacAene, 4 {C-hydroiy-3 4dietbvl- 
phenyI)*quinolme, 

C,H,N— C,H,(OH){C,Hj), 

(Kenner and Statham, J C.S 1935. 299). ii 
obtainc*! by healing cinchene with hydrohromir 
acid (spec. 1*49) at 180“ under pressure forC toH 
hours (Koenigs, Ber. 18SI, 14, 18.51; Koenigs 
and Comstock, i&id. 18S5, 18, 1226). Ilcry'stal- 
byes from alcohol, and melts at 209''-21t)®. halls 
end ethers of opocinchene arc known (*e« 
Comstock and Koenig*, ibiJ. ISS.5. 18, 2379 ; 
1687. 20. 2674 ; Koenigs, J. pr. Chem. 1900.* 
[Hi. 61.1). 

CinthoHina!, 

C,H,N— CH(OH)— C,H„N— CH-O. 
and its acyl (acetyl and benzoyl) denvative*, 
C,H,N— CH(0— COR)— C,H„N— CH = 0. 
arc obtained from cinchonine and from its acy l 
denvatives by the action of ozone in cold 
chloroform solution. The resulting ozonidr* 
furnish on liyilrolviH IformaldchvdeJ, hydrogen 
peroxide, and tlie aldeliy die sulwtancea in 

question. The latter are amorphous (’inclion- 

teal has (oJo +100 5® in chloroform; the 
acetyl derivative has (ajp +28 2*. and the 
benzovl denvative —72 4’ (^-cklcs, Jtee. trav. 
ehim.'l923. 42. 69). 



CIKCHONA ALKALOIDS. 


Circholcnine, 

C.HgN— CH (OH)— C,Hi,N— COjH, 

obtained by oxidising a cooled solution of 
cinchonine in dilute sulphuric acid -n-ith pofas- 
sitim pcrra.'inganatc. It crystallises from water 
with 3HiO, m.p. ]97°-198% +115-6'> 

(c— 2 of trihydrato in a mixture of 2 vols. 
chloroform and 1 vol. alcohol), +17C'5° in dilute 
sulphuric acid (Hesse, Annnlcn, 1875, 176, 233 ; 
Skraup, ibid. 1879, 197, 379). Cinchotciune is 
soluble in hot water, but sparingly in alcohol. 
It dissolves readily in dilute acids and caustic 
alkalis, and is precipitated from the latter by 
carbon dioxide. As an acid, cinehoteninc forms 
salts, esters and on acid chloride. Like cin- 
chonine it can bo ncylatcd, but docs not react 
with the halogens or with their hydracids. 
It is stable to cold permanganate, but is rapidly 
oxidised by the hot reagent. With chromic acid 
the same oxidation products (but no meroquin- 
cne) result ns in the like oxidation of cinchonine. 

Cinchoninic Acid, quinolinc-4-carboxylio acid, 
CjHjN — COOH, wn.s first made by Cavontou 
and Willm (Bull. Soe. chim. 1869, [ii], 12, 214) 
bj' the oxidation of cinohonino with potassium 
permanganate. It is the most readily isolated 
of the oxidation products of cinchonine, cin- 
chonidine, their hydro- derivatives, and many of 
the derivatives and degradation products of 
these. It can bo prepared by the oxidation of 
cinchonine with chromic acid (Koenigs, Bor. 1 
1879, 12, 97) or nitric acid (Claus and Muchall, 
ibid. 1885, 18, 3G2) or by oxidation with nitric 
acid of the condensation product of lopidino with 
formaldehyde. It has been sjTithosiaed by the 
interaction of isatin with acctaldoximo under the 
agency of 40% potassium hydroxide (Pfitzinger, 
•1. pr. Chora. 1902, [ii], 66, 203 ; ef. Kaufmann, 
and Peycr, Ber. 1912, 45, 1805 ; Thiclcpapo, ibid. 
1938, 71, 387). Cinchoninic acid ciy’stalliscs 
from water in needles with 1 HjO, or in prisms 
with 2HjO, depending on the conditions, 
and becomes anhydrous r.t 100°. It has m.p 
253°-25'l°, is insoluble in ether, and sparingly 
soluble in water and in alcohol. 

Lepidinc, 4-methylquinolino, CjH^N — CH,, 
was first isolated from the products of dry dis- 
tillnlion of cinchonine with potash (Grovillc 
Williams, 1855), and has Irccn sj-nthesised by 
heating on the water-bath a mixture of equi- 
molccular parts of aniline, acetone, and mcthylal 
(or formaldehyde) saturated with hydrogen 
chloride (C. Beyer, J. pr. Chem. 1886, [ii], 33, 
418). Ix!pidino can Ire prepared by lic.ating 
hydrocincheno or cinchene arith 25% phosphoric 
acid at 170"-180° (Koenigs, Ber. 1894,27, 1501 ; 
1890, 23, 2077). Lepidino is a hygroscopic, 
sternutatory oil, b.p. 2G4'2°/7G0 mm., which 
solidifies on cooling and then melts at 9’-10°. 
It is sparingly soluble in water and is volatile in 
steam. 

Oriminofinyiquinticlidine, vin 3 -lquinuclidonc- 
exime. HO— Nr-C<C,H,oN— CH = CH.,is 
formed together with cinchoninic acid from 
cinchoninono (or with quininic acid from 
quininone), when these ketones, dissolved in 
cold alroliolic sodium ctho.xidc, arc trcatcxl 
with a little more than one molecular proportion 
of amyl nitrite. It cryst.alliscs from a mixture 


of ether and fight petroleum (b.p. ^°) in white 
needles, or from ethyl acetate in colourl(^ 
prisms, m.p. 146°— 147°. The oxime is rMdiiy 
soluble in water, alcohol and benzene, fairly 
soluble in ether and ethyl acetate, and sparingly 
soluble in light petroleum. It is volatile in 
steam, and sublimes below its melting-point. 
On hydrolysis with hydrochloric acid, tho 
bicyclio system undergoes rupture, and there 
are formed hydroxylamino and meroquinene 
(Babe, Ber. 1908, 41, 68 ; Annalen, 1909, 
365, 361). . 

Meroquinene, 3-vinylpiperidinc-4-acetic acid, 

CHj=CH— CsH.N— CHj,— COjH, 

is present among tho products of oxidation of 
cinchonine, cinehotoxino, and quinine with 
chromic acid (Koem'gs, Ber. 1894, 27, 1501 ; 
Annnlcn, 1906, 347, 196, 198). It is readily 
prepared by heating cinchene or quinene with 
25% phosphoric acid at 170°-180° (Koenigs, 
Ber. 1894, 27, 901, 904 ; Annalen, 1906, 347, 
194, 195). Its N-mcthyl derivative is very 
readily obtained by subjecting isonitroso-N- 
methylcinchotoxino to the Beckmann rearrange- 
ment, when tho easily isolablo- N-methylmcro- 
quinene-nitrilo is formed (Rabe and Ritter, 
Ber. 1905, 38, 2770). From a mixture of methyl 
alcohol and ethyl acetate meroquinene separates 
in almost colourless crystals, m.p. 223°-224°, 
[a]™ -f 27-6° (c=10 in water). It is very soluble 
in water, very sparingly so in cold alcohol, and 
almost insoluble in ether or chloroform. Its 
hydrochloride has m.p 146°-148°, and the 
N-nitroso-derivativo molts at 07°. On reduction 
with zinc and hydriodic acid, meroquinene is 
converted to cincholoipon (see tinder Hydro- 
cinchonine, below) (Koenigs, Ber. 1902, 35, 
1350), and on oxidation with cold potassium 
permanganate in acid solution it gives rise to 
Skraup’s cincholoiponic acid. Meroquinene is 
an amphoteric substance ; its ethyl ester is a 
strong monoacidic base, while its N -acetyl and 
-nitroso- derivatives arc monobasic acids. 

d-p.Cincholoiponic Acid, 3-carboxy'pipcridine- 
4-acctic acid, HO^C — CjHjN — CHj — CO.H, 
results from the oxidation either with potassium 
permanganate or chromic acid or both, of all 
tho vinyl-alkaloids, of tho toxincs and tenines, of 
meroquinene, of cincholoipon, and of numerous 
other transformation and degradation products 
of tho cinchona alkaloids (Skraup, Monatsh. 
1888, 9, 783 ; 1889, 10, 39 ; 1895, 16, 175 ; 
1896, 17, 365 ; with Wurstl, ibid. 1899, 10, 
22.5 ; with Bum, ibid. 227 ; Schnidcrschitsch, 
ibid. 1889, 10, 54, 57 ; Wflrstl, ibid. 07, 70 ; 
Koenigs, Ber. 1895, 28, 3150 ; Annalen, 1900, 
347, 20S). It has been synthesised by Wohl, 
Los.init.sch and Jlaag (Ber. 1907, 40, 4698; 
1909, 42, 027). Cincholoiponic acid crystallises 
from water in prisms containing 1 H-'O (m.p. 
12G°-127°) which is lost at 120°-12.5°. Tho 
anhydrous acid melts at 225°-22G°, and has 
[a]^ -f 30T° (c=4 in water). It is very soluble in 
water and readily so in alcoholic hydrogen 
chloride, but it is insoluble in absolute alcohol 
and in ether. Its hydrocliloride has m.p. 192°- 
194°, [a]p -1-38° (c—4 in water), and is fairly 
soluble in cold water and in alrohol, more 
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sp&ringljftoinhjdrocUoricaciil. Ctncholoiponic 
acid beharca as a monobasic acid, but ita N- 
nitroso. and N.acetjl deriTatires manifest fnO 
dibasic properties. On oxidation \ritb cold 
potassium permanganate solntion it gi> ea rise to 
loiponic acid. 

LotpOTnc Acid, pipendine.3 4.dicarboiyLc 
acid, C,H,N (CO|H)^ is obtamed as described 
above (Sk»up, Monatah. 18%, 17, 376). It is 
also found in small amount in the mother liquors 
from the cincholoipomc acid obtained by the 
oxidation of cinchonmc. Loiponjc acid eiyatal- 
liscs from water in prisms, m p 259®-260*. 
It IS sparingly soluble m cold water, and dis 
solvesmaboutSOpartsof hot water ; itisalmost 
insoluble in hot alcohol, readily soluble both in 
acids and in alkalis, and, on titrabon, bebaTcs 
aa a monobasic acid. It forms a nitroeo* 
denvatiie, m.p 167“-16S“, and its hydro- 
chloride (m.p. 216“-?20®) has about -fl2* 
(£=^8 33 in water) (Koenigs, Ber. 1897, 30, 
1330). 

Cincholine. Stt Hjdrocincbonine, p. lC2i. 

Cinchotoxine. ^<e under Cinchonine, p. 157c. 

Conchairamldlne. Ct,H,(0,N,, occurs in 
the bark of Aeniju PurJitana together with 
cinchonine, cmchonamine, concuscomne, chair- 
amine, cbairamidme, and conchoiramine It 
was isolated by Ucsse (Annalen, 1884, 225, S36). 
yor a scheme of separation the ongtnal paper 
ahouM bo consuhed (thid. 211, 218) It ts 
obtaiQcd as a crystallme euJphate from the 
filtrate remaining after the chatramine has been 
sejiarated as hjdrocblonde, and the eonchair 
ammo aa thiocyanate. Concbatramidine 
separates from its solutions as an oil, and this 
gradually crystallises with 1H|0. The an- 
hydrous baso has m p. lU^-llS”, and [«)^* 
—CO' (e»-3 in 07% alcohol). It is very soluble 
in alcoliol. ether, moroform, benzene, or acetone 
It is a weak base, neutral to litmus Con. 
rentralcd sulpfaunc acid gives a dark green 
colour. TLo hydrochloride, 8 HC1.3H,0, 
sulphate, Bj HiSO^.ldHiO, and other erysiat. 
lino salts have wn described. 

Conchairaminei was isolated 

by Hesse (Annalen, l88-i, 225, 246) from the 
mixture of alkaloids occumog in the bark of 
liemtita /'ardiranaAftcrremoTlngconcuseoniDO 
as sulphate, and chauamine ashydrochlonde, the 
concbairamino is precipitated by potassium thio- 
cyanate TLo base crystallises from alcohol in 
tiiick. colourless pnsms, B H|0 C|H^OH, tu p. 
82°-8C°. The alcohol of ciystall^tion is ex- 
pelled at 100°, leaving tho monohydrato (m.p. 
10S°-1I0°) which, m Its turn, becomes anhydrous 
and amorphous at 115*. The anhydrous form 
melts at about 120*, and has [a]p -fCS 4* (c=2 in 
07% alcohol). An acetic acid solution of con- 
cbairaminc, precipitated with ammonia, yields 
white crystalline flocks of the base, which 
contain 1 H,0, and dehydrate and melt at 110*. 
It IS soluble in chloroform, ether, and hot 
alcohol. A solution in acetic acid pves a dark 
green coloration with concentrated nitnc acid, 
and sulphuric acid produces a brown eolation 
turning dark green. The base is neutral to 
litmus, but forms wellHlcfincd crystalline aalta, 
such as the hydrochbnde, B-HCI, and sulphate. 


Bj-HjSOj 9H|0. It forms two mcthlodiJes- 
one crystalhses with 3H,0 and is white; 
the other, yellow, hss 1 HjO. 

Concusconine, CjjHjjOjN,. wasboUtedw 
the sulphate by Hcaso (Annabn, 1884, 225, 
234) from the alkaloids in the bark of Ptmijta 
: Panfieufui. The base crystallises from alcohol 
in monoclmic needles containing 1H,0, mp. 
144* ; on further heating the melt toLdifie^’ 
and re melts at 206*-203*, [a]p -i-40 8* (c=2 of 
the hydrate in 97% alcohol), but Howard and 
Qiiek (J.S C.I. 1909, 28, 55) record the value 
-H9 57®. Concuscomne is insoluble in water, 
v«y sparingly soluble in cold alcohol, and 
readily soluble in ether or chloroform. A 
solution in acetic or hydrochloric acid gives a 
dark green colour with concentrated nitric acid. 
TV'ith concentrated sulphuric acid a bluish green 
colour IS produced, turning to olne green on 
warming Concuscomne is a weak base, neutral 
to litmus, and its salts sre for the most part 
amorphous. It gives rise to two methiodidrs, 
and eontams two methoxyt groups. 

Conquinamlne, CiyH^iO.N}, is present to- 
gether with quinamine in smaQ quantity m most 
cinchona barks, and was first isolated by Hesse 
(Ber. 1877. 19. 2158). It is found in the 
^cobohe mother liquors from wlueh qmnammo 
has been ciystalbsed, and is isolated by means 
of light petroleum, and purified by crystallisation 
of tbo nitrate, oxalate, or hydrobromidc. U 
eiystalLses from alcohol m long prisms or 
pyramids, m p. 123*, [a]^ +2914* (e-1 m 
alcohol). It IS fairly soluble m alcohol, ether, or 
benzene, but not in 50?^ alcohol or in water. 
It resemblee quinamine in behaviour, and seems 
to bo closely related to it, for on melting its 
oxalate, or on heating with hydrochlorio acid 
(apgr. 1‘125) quinamicino and opoquinamino are 
formed, which are also obtained from qiimamine. 
A number of crystalline salts of conquinamine 
have been deaenbed (llease, Annalen, 1881, 209, 
62 ; Oudemons, tbid. 38). 

Conquinine, <See Qumidinc (p. ICOh). 

Cupreine, Cj|K||0|Nj, occurs together uiib 
other cinchona alkaloids (but not cinchonidine) 
in the so colled “ Cuprea bark ” (fileniiyia prdus- 
evlala), which is no longer collected com- 
mercially, and there being no known way of 
preparing it artificially from other alkaloids, 
cupreine is now unobtainable. It was first 
isolated by Paul and Cownlcy (Pbarm. J. 1681, 
15, 221, 401) from ** Aomoquiuino," a loose 
compound of quinine and cupreine, at first 
mistaken for a new alkaloid resembling quinine : 
Aotnoquininc is claimed to have been discovend 
by lieeso’a assistant. Tod (see Hcs*e, Ber. 
1882. 15. 857 j 1883, 16, 00), but it was fint 
described in the published literature by Paul and 
Cownley (Pharia. J. 1881, 12. 497). The name 
“ uftraquinino ’’was proposed for it by Uhiffin 
(tUd. 497) and “ Aomoquinine ” by J low ard and 
Hodgkin (itid. 528; J.C.S. 1882,41. CC) ; tttaUf 
Hesse (Annalen. 1884, 225. 05 ; 1881, 226. 2i0r 
18S5. 230, 55). 

Cupreine crystallises from ether in concen- 
tncaliy grouped pnsms containing 2H|0, 
which can only be expcllc<l at 120“-125*. f rom 
dilute alcohol it crystallises with l/3H|0. 
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Tlic anhydrous b.ase melts at 10S° and has [o]” 
— 173-5'’ (c=l-2 in alcohol). For rotations in 
various nllcalinc solutions, .sec Oudcmans (Rec. 
trav. chim. 18D0, 9, 171). It is readily soluble in 
alrohnl, but sparingly so in ether, chloroform, or 
benzene. As a phenol, cupreine dissolves freely 
in aqueous caustic alkalis, from -svliich it 
is reprccipitatcd by carbon dio.xide, but is not 
readdy soluble in ammonia. Cupreine is non- 
(luorcsccnt, but gives the thnllcioquin reaction, 
and a red-brown coloration with ferric chloride 
solution. Stcrcochcmically, cupreine is cin- 
thonidinc with a hydroxj'l group in the 0-posi- 
tion of the quinoline nucleus, or the phenol of 
which quinine is the metliyl ether, for cupreine 
gi\es rise to quimne when heated with It 
molceulcs of methyl nitrate in presence of sodium 
incfhoxidu in a scaled tube at 100° (Grimaux and 
Arnaud, Compt. rend. 1891, 112, 774). With 
methyl iodide there are formed cupreine meth- 
iodide, dimethiodide, quinine methiodido or 
dimctliiodidc, depending on tho conditions. 
With hydroehloric acid it gives rise, like quinine, 
to " fipoquininc ” (see wider Quinine) (Hesse), 
and on catalytic hydrogenation to hj-drocuprcine 
(sec iiii(/fr Hydroquininc) (Gieinsa and Halber- 
kann, Rer. 1918, 51, 1325). It forma a diacctyl 
deri\nti\c. 

The salts of cupreine arc colourless, and tho 
acid salts afford eolouiless solutions, but the 
neutral salts di.s'.olvc in water with an intenso 
jcilow colour. 'Tho sulphate, B;-HjS04, eiystal- 
liscs from water in nnhydrous'nccdlcs (Howard 
and Chick, J.S.C.I. 1909, 28, 55), m.p. 257° 
(decamp.) (Giemsa and Halbcrkann, /.c.), soluble 
in 813 jiarts of water at 17°, and in 209 parts 
at 100°. It is also sparingly soluble in alcohol. 
The acid sulphate, B-HjS04, contains IH.O 
according to Hcs«c, and Howard and Chick, iJut 
2H;0 according to Oudcmans (Rec. trav. chim. 
I8S9, 8, 147) and Giemsa and Haibcrkann. 
It separates in large, transparent, faintly 
yellow, prismatic plates, —197-9° (c= 

1-1821 in water), and is soluble in about 70 
parts of cold water. A letrasulphatc is also 
known. Cupreine ht/drochloride, B-HCI,H;0 
(colourless needles), dissolves in about 50 ymrts 
of cold water, and has [a]” —154-8° to -157-1° 
in water (c— 0 57 to 0-8G), and —107-3° to 
— 109 7° in alcohol (c^O-0 to 1-42). For other 
salts the papers of Hesse and of Ouderaans 
already cited should bo consulted, and for 
physiological action of cupreine see Grimaux 
and La horde (Compt. rend. Soc. Biol. 1892,44, 
OOS). 

The procedure whereby Grimaux and Arnaud 
(l.e.) sticcecdod in methylating cupremo to 
(luinino enabled them also to jircparo the 
follow ing series of horaologucs of quinine : 

(?uircf/,i/Iiac, C.jH.jO.N,, ethylcupreinc, 
(Compt. rend. 1891, 112, 1301), m.p. IGO-" (dru). 
In),, -109 4°. The sulphate, B.-H.SOj.H.b, 
dLs'ohcs in 397 parts of w.vtcr at i5°. According 
to Giemsa and Haibcrkann (Her. 1918, 61, 1332) 
the base has m.p. 1G5°-1GG°, and [a]'" -158-9’ 
in alcohol. 

QuinpropyUne, C;jH;,OjN-, ii-propyl- 
cupteinc (Grimaux nml Anuiiid, Compt. rend. 
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1892, 114, 072), m.p. 164° (dry). The sulphate, 
B2 -HjS 04,1 JH.O, is soluble in 454 parts of 
water at 13°. 

Quinisopropylinc, C.2H;g02N;, iiopropyl- 
cupreinc (ibid.), m.p. 151° ; B2-H2S04,H;0, 
dissolves in 307 parts of water at 10°. 

Quinisoamyltnc, C24H32O2N2, isoamyl- 
ciiprcino (ibid.), is amorphous, m.p. 107°. 
B.-H2S04 is soluble in 4,170 parts of water at 
11*5°. 

Unlike cupreine, the above homologous ethers 
fluoresce in dilute sulphurie acid solution. 
They arc said to bo more powerfully anti- 
pyretic, but more toxic than quinine (Grimaux, 
Labordc and Bourni, Compt. rend. 1894, 118, 
1303). 

Cuscamidine, of undetermined composition, 
occurs in Cusco bark (Cinchona Pcllctierana). It 
is amorphous, and is obtained together with 
cuscamine (w-hich it closely resembles) by tho 
addition of nitric acid to an acetic acid solution 
of the total alkaloids of tho bark. The tw-o 
bases arc separated from one another as oxalates. 
The salts of cuscamidine are amorphous and are 
more soluble than those of cuscamine (Hesse, 
Annalcn, 1880, 200, 304). 

Cuscamine, of undetermined composition, is 
obtained from Cusco bark (sec under Cusca- 
midine, abate). 1 1 crystallises from alcohol in 
prisms, m.p. 218°, is readily soluble in ether and 
in hot alcohol, but sparinglj' so in cold alcohol. 
It gives a yellow- colour with concentrated 
Eulphunc acid, turning brow-n on w arming ; on 
adding molybdic acid a bluish-green colour is 
obtained, turning brown on heating, and violet- 
brow-n on re-cooling. With nitric acid a yellow 
coloration 13 obtained. Cnaeamine is not a 
strong base, but manj- salts arc known, some of 
which are crystaWno (Hesse). 

Cusconidine, of undetermined composition, 
is an amorphous alkaloid occurring in Cusco 
bark (Cinchona Pelletierana). It is obtained 
from cusconinc mother-liquors (sec bclotp). Its 
salts are amorphous (Hesse, Annalen, 1880, 200, 
303). 

Cusconine, C22H;j04N2, occurs in Cusco 
bark and is obtained ns sulphate after removing 
the aricine (g.v.) as acetate. It w-ns discovered 
by Leverkoehn in 1829. It cri-.stnllises fiom 
ether in white leaflets w-ith SHjO. The water 
is lost at 100° and tho dry base has m.p. 110°, 
[a]p —54-3° (c--2 in 97% alcohol). It dissohes 
in 35 parts of ether at 15°, more easily in alcohol 
or acetone, very readily in chloroform, and is 
insoluble in water. Cusconine gives the same 
eolour reactions with sulphurie acid and w-ith 
ammonium molybdate as docs aricine (7.1-.). 
It is a weak base : its salts have an acid reaction, 
and arc amorphous (Hesse, Annalen, 1877, 185. 
290). 

Dicinchonine (dkinchonicine), C3,H440.N4, 
has the same empirical composition "as cmcfion- 
ine, and although its molecular weight is half 
that indicated by tho formula, Hesse prefers tho 
double formula by analogy with diconquinine. 
It occurs in Cinchona rosulcnta and in C. 
suceinibra together w-ith the other jirincipai 
cinchona alkaloids. Being soluble and amor- 
phous it tends to puiss into the so-called “ quino- 
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dine ” fraction io gninine manofactare, and » 
recovered therefrom aa the thiocyanate. It »§ 
punfied by crystallisation of the hydrochlonde. 
The free base is a yellow amorphous enhetance, 

P ^0% [“]» +91-"’ (e=l 52 in 97«; alcohol). 
It IS very soluble m alcohol, ether, acetone, 
chloroform, or benzene, bot not in uTlotis. It 
does not give the thalleioquin reaction. It is a 
strong base, and its hyircehiondt, B 2HCL 
crystallij>es well {Hesse, Annalen. 18S5. 227, 153) 
On beating with bj dtochlonc acid, it is converted 
into the isomeric, amorphous diupocmchonine, 
soluble in ether, alcohol, or chloroform, |a]i> 
4-20° in alcohol {Hesse, Annalen, I8S0, 205, 
333). Diflpocinchonine is a mirtnre of isomcndea 
containing o. and P Mocinchonine (Jungflcisch 
and L^er, Compt. rend. 1892, 114, 1192; 
Hesse, Annalen. 1893, 276, 118). 

Diconquinine (diquinicine), 
the essential constituent of commercial “guinoi* 
dine” {?r.). is prepared by removing from 
qoinoidine the toxines m the form of oxalates 
A chloroform extract of the residue, a ted- 
brown amorphous mass, constitutes '* dicon. 
quinine” (Hesse, Ber 1877, 10, 3155) It is 
dextrorotatory, fluorescent in dilute suipbunc I 
acid, and shows the thalleioquin reaction Its 
salts are amorphous. According to Hesse 
diconquuune is to be considered as denved from 
the condensation of two moIecuJea of con- 
quinine (quiiudinc) with the eluninstion of one 
molecule of water Then seems to be little 
evidenco for this view, and Hesse himself foosd 
that the molecular weight of ^conqumine com* 
fponded to the single (C)() fonnoU 

Hydrocinchonidtne (cinchamidme.dibydro. 
rincbonidino). C„H||ON}. was flnt isolated by 
Forst an<l Boimnger (tier. 1891. 14, 1270) 
by oxidising commercial cinchomdine, which 
contains hjdrocinchonidine, from Cmthona 
Lfdjrnana, vkith told potassium permanganate 
m arid solution The cinchomdine being con 
verted to the amphotcnc substance cuvehotem- 
dine (ter under Cinchomdine), and tho hydro- 
cinchomdine remaining for (he most part 
unchanged, it could be readily isobted. Hydro 
cinchomdine is best prepaid by^ the catalytic 
hydrogenation of emeborndme, with which it is 
nlrntical except that it contains an ethyl side- 
chain in pbco of the vinyl group of the latter. 
It IS identical with Hesse's cinchamidine (Ber. 
1881, 14, 1683.) which he isolated from the 
mothcr-liqnors of cinchomdine sulphate. 

Hy drocinchomdine ciyttallues from hot dJule 
alcohol in hexagonal IrsRets, m p 229'’-230% 
(ojy -984° {e-2 in 97% alcohol); -1«C*' 
(e=0 735, i.r. an J//40 solution in 0-hV-H,SO4)| 
{Duttk, Henry and Trevon, Biochem J. 1934,1 
28, 438). It H almost insoluble m water, very| 
sparingly soluble in ether and chloroform, and 
more t{>anngly soluble in alcohol than is cin- 
ihomdine. It is non flooresrent and does not 
show the thallrioqmn reaction. 

The hylroekloTjde, B HCI,2HjO (Hesse, 
Annalen, 189’. 214. 1) has [a]o -804* (e= 
1-19 of hydrated salt in water). It m Teiy| 
soluble in * ater or alcohol. According to Heidel- 
berger and Jacobs (J. Amcr. Chera. Soe. 1919, 
41, 821) the salt crystalluea from a mixture of 


alcohol, ether and bght petroleum in anhydrous, 
microscopic needles and plates, m p. 202'’-.203*, 
MJ* —89-4° {c=l-197 in water), and is readily 
aidttble in chloroform, and fairly soluble m 
acetone. 

The tuJphjjie, Bj-HjSOj.THjO, needles, is 
soluble in 57 parts of cold water. 

Hydrocinchomdine is stable, it is not readily 
oxidised by potassium permanganate, nor 
isomensed by the action of hot mineral acids, 
but on ruelting the acid sulphate, hydro* 
cinchotoxine (see under hydrocinchonine) is 
formed and on heating with bydrochlonc acid in 
sealed tubes epihydrocmchonidme is formed. 
On oxidation with chromic acid it gives nse to 
cmchoninic acid. 

epi/fydrocincAonidw, CjjHjtONy, is epi- 
mcnc with hydrocmchonidine about the rarbinol 
(CH-OH) group, and is obtained either by the 
catalytic hydrogenation of epicinchomdine. 
Of by the catalytic reduction of bydrocinchonia- 
one or by mversion of hydrocinehonme (jc) 
with amyl alcohoLe potassium hydroxide (lUbe, 
and otheis, Annalen. 1932. 492, 254, 255, 2(>3). 
It crystallises from ether in colourless needles, 
mp. 106°. +48 3“ (c-l-OOt in 99®; 

alcohol) It IS very readily soluble m ether and 
u acetone, and more so than eyihydrocinchon- 
ine. fpiHydrocincbomdine was fijrat desenbed. 
but not named, by V’ereinigto Cbtninfsbnkrn, 
Zimmcf 1 Co , 0 TS.b H., in G.P. 330813, lOJO. 

iljfdrvettuhontdtnt ChUmde, 

C,H,N-CHCI-C,H„N— C»Hj, 
was prepared by Cohen and King (Proc. Boy. 
Soc. 1933. B. 125, 54). The hydrochlonde 
crystallisea from alcohol, m p. 233“-235* 
(decomp.), (a)”’ +24* (e*0 5 in water). 

DeaoryAydroriacAoaidiac. 

C,H,N— CHr“CTH„N-C,Hj. 
baa been made by the catalytic hydrogenation of 
cmchonidino chlondn (Cohen and King, Proc. 
Roy. Soc. 1938, B. 125. 5G). It has also been 
obtained from epibydrocinchonidioe chloniie 
by reduction with iron and sulphuno and (Rabe 
and others, .\nnalcn, 1933, 492, 250), and from 
(he bydrazone of bydrocinchomnone by heating 
at 180* with potassium hydroxide (ibid. 2C3. 
264, 265). In the last preparation a mixture 
of dosoxyhydrocinchonj<Lno and desozyhydro- 
cinchonine (see under Hydrocinchonine) i* 
formed, the desoxyhydrocinchonidme being 
isolated as tho diarusoyltartrato from acetone. 
Tho base has m.p. 62“ (ibid. 256) or 42*— 44* (lAid. 
265). and (o)b -21-2* (c-0 4 or 0 8 in alcohol). 
The hydrochionde, from a mixture of methyl 
alcohol and ether, has m p. 186*-I88*, and [o}J,' 
+0-0*{c=I-03 in water). 

Hydrocinchonine (einchotine, dihydrocin- 
chonine), C||H,,ON|. was first isobted from 
Actniyta Purditana hy Caventou and Wdim 
(Annalen, 1870. SuppL 7, 247). U occurs la 
most cinchona barLs, and « a common com- 
ponent of commcrcbl cuichomne, whence Hesse 
obtainol It by oxidation with potassium 
permanganate m sulphuric acid solution at (r 
(Annalen, 1873. 168. 256). He therefore re- 
garded it as an oxidation protluct of cinchonine. 
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I)iit Skr.iup showed Inter that it pre-exists in the 
“ einchoninc,” and that the cfTect of the reaction 
with pcrmangnnate is to oxidise the latter 
alkaloid, not to hydrocinehoninc hut to the 
amphoteric Ruhstance cinchotcninc, and thus to 
facilitate the isolation of the hydroeinehoninc 
which is left largely unattacked (Annalen, 1879, 
197, .362). Other methods for isolating hj-dro- 
cinchoninc depend on the crystallisation of the 
hydriodides (Hesse, Annalen, 1890, 260, 213, 
220; 1898, 300, 1-6; Pum, Jlonatsh. 189.7, 16, 
70), on heating with dilute sulphuric acid (the 
cinchonine becomes gre.atly altered, whereas the 
hydrocinehoninc, remaining unchanged, can he 
readily separated from the resulting mixture) 
(.liingflcisch and Ix'ger, Bull. Soc. chim. 1838, 49, 
747 ; 1901, 25, 881), on fractional crystallisation 
of the dihydrobromidcs (Buttle, Henry and 
Trevan, Bioehem. .T, 1934, 28, 437), and best, 
on the formation of a compound between cin- 
chonine, but not hydrocinehoninc, and mercuric 
acetate (Thron .and Dirschcrl, Annalen, 1935, 
616, 2(72). Hydrocinchonino is most con- 

veniently prepared, however, by the catal 3 ’tic 
hydrogenation of cinchonine, from which it 
clifTers onlj’ in containing an cthjd side-chain 
in place of the vinjd group of the latter. 

Hj-drocinchonino crystallises from alcohol in 
prisms and scales. Its melting-point is variously 
given between 267° (Buttle, Ilenry and Trevan, 
l.c.) and 278° (.Tungfleisch and Lcger, l.c.). 
Hesse found 268°-269°, and Skraup 277-3°; 
[all, in alcohol, between -f 189-8° (R.ibo and 
otliers, Annalen, 1910, 373, 100) and -(-204-5° 
(Hc.sse, ibid. 1898, SOO, 46) ; [a]p in aqueous 
acid solution between -f 225-8° (Buttle, e( al.) 
and -t-227-7° (Jungflei.sch and I/gcr). Hj'dro- 
rinchonine dissolves in 1,300 parts of cold water, 
but is more soluble in boiling w-atcr. It dissolves 
in 534 parts of ether, or 220 parts of alcohol at 
20°, and is much less soluble than cinchonine 
in an alcohol-chloroform mixture. 

Hydrocinchonino is stable tow-ards mineral 
acids, and is unable to react additivcl^' with 
hj-driodic acid, but heated in a scaled tubo with 
25®[, hydrochloric acid, it gives rise to some 
f/iihydrocinchonino (sre below) ; it can bo sul- 
|)honatod bj- means of concentrated sulphuric 
acid. Boiling w-ith dilute acetic acid affords 
hydrorinchotoxino (sre Icloir). It is not rc.adilj’ 
attacked bj- potassium permanganate, but with 
chromic acid it is oxidised to hj'drocinchoninono 
(fee below), cinchoninic acid, cincholoipon (see 
below), cincholoiponio and loiponic acids {ece 
under Cinchonine). 

Ili/droeinebonine Jltjdroehloride, B-HCl,2H.O 
(Porst and Bohringcr, Bcr. ISSl, 14, 437 ; 
\on Arlt, Monatsh. 1899, 20, 431 ; Hcidclbergcr 
and .lacobs, ,1. Aracr. Chem. Soc. 1919, 41, 
826) crv.sinllises from water in needles, m.p. 
216° (von Arlt), or 221°-223° (dry) (Hcidcllx^rgcr 
and .Incobs), [a]p -f 159-3° (c— 0-741 in water), 
l! is .soluble in 47 parts of cold water. 

nie filphnle, B.-H.SOj, crystallises in 
prisms, Icatlcts, or needles with 2, 6, 9, but 
ordinarih- with 11 or 12HjO, dej>cnding on the 
conditions. The dihj-dr.ate has [c]]," -1-104-4° 
(cs.2 in alcohol). The anhj-drous s.alt, svhich 
abjorbs 2H.O on expo'urv, has m.p. 195°, is 


soluble in about 30 parts of cold water and in 
about 10 of boiling water. The dodecahydrate 
is efflorescent. Many other salts of hj-dro- 
cinchonino aro known such ns tho neutral and 
acid hydrobromidc and hj-driodide, acid 
hj-drochlorideand sulphate, two tartrates, and a 
thiocyanate. 

Jlydrocinchotoxinc (dihj-drocinchotoxinc, hj-- 
drocinchonicine, cinchotinetoxinc, cinchoticine), 

CjHgN— CO— CH,— CHj— CsHsN— C.H;;, 

is obtained by boiling hydrocinchonino with 
dilute acetic acid (Kaufmann and Huber, 
Bcr. 1913, 46, 2919 ; Kaufmann, Rothlin, and 
Bninnschw-eilcr, ibid. 1916, 49, 2303). It has 
also been obtained by “ partial sj-nfhc.sis ” 
(Rabo and Kindler, ibid. 1918, 51, 1360) from 
cinchoninic ester and benzoj-l/iornocincholoipon 
ctlyl ester; (for tho subsequent synthesis of 
Aomocincholoipon, ece Rabe and others, ibid. 

1931, 64,2493). It is a viscous oU, [a]p^ -p8-S° 
(c=C-I7 in alcohol). Its N-benzovd-derivativo 
has m.p. 124°, and tho dipiernto of its phenj-1- 
hj-drazonc melts at 215°. Tho free toxino, which 
is readily soluble in ether or in dilute alcohol, 
c.an bo brominated, and is then on treatment w-ith 
alkali converted into hj-drocinchoninono (ece 
below). Hydrocinchotoxino gives purple colora- 
tions w-ith nitrobenzeno containing nitrolhio- 
phene and with diazobonzcnesulphonic acid. 

cpiHydrocinchonine, CjjHj^ONj, is cpimerio 
w-ith hj-droeinchonino about the carbinol 
(CH-OH) group. It was first obtained but 
not named by Vercinigte Chininfabriken, J5immcr 
& Co., G.m.b.H., G.P. 330813/1920, by tho 
reduction of h^-drocinchoninono w-ith aluminium 
or zinc in alcoholic solution in presence of sodium 
cthoxide. It can also bo obtained from lydro- 
cinchoninonc by catalytic reduction, from hydro- 
cinchonine by epiracrisation with amyl alcoholic 
jTOtash, and from cpicinchonino by catalytic 
hydrogenation (Rabo and others, Annalen, 

1932, 492, 252-255, 263). In all cases except tho 
Inst, a mixture of hydrocinehoninc, hydrocin- 
chonidinc, epihydrocinchonino, and cpihydro- 
cinchonidino is produced. Tho first two 
naturally occurring alkaloids aro readily re- 
moved by taking advantage of their sparing 
solubility in other. Tho two residual cpi-bases 
aro separated mechanically' and by fractional 
crystallisation from ether and from acetone, 
cpillydrocinchonine crystallises from acetone in 
colourless, tapering prisms, m.p. 120°, faff 
-h88-4° (c -=1-0012 in 99% alcohol). It is 
readily soluble in ether or acetone, and very 
readily so in alcohol or benzene. 

JJydrocincboninonc, 

C,H,N-C0-C-H„N-C,H5, 

is obtained in low- yield by the gentle oxidation 
of hydrocinchonino w-ith chromic acid (Rabe, 
Naumann and Kuliga, Annalen, 1909, 364,’ 
349), but is best prepared indirectly from’ 
hydroeinchoto.xino by way of tho C-bromo 
derivative (Kaufmann and Huber, Bor. 1913, 46, 
2920 ; Kaiifra.ann and Hacnslcr, ibid. 1917, 50,’ 
703 : Rabe and Kindler, ibid. 1918, 51, 1305)! 
It separates in palo yellow crvstals from 60% 
alcohol, has m.p. 138’ (Rabe) or 130° 
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(Kaufoasfl) aod [a]^) (final valoe) on tbe aTmge 
+76* in aleobol (f=from S to 4). Tie 
fhloride, which ia qnite white, R3^taIIi3e3 Dom 
alcohol and ether and ha3in.p.fi65°. Tbeoxune 
is amorphoQs. For the mntarotation of hvdio- 
cinchoninoae. «e« Rabe and others (Annalen, 
1910,373. 118}. 

Bydrontiehoniiit CAlonde, 

C,H|N— CHCl— CjHiiN— C,H*. 
is made hy treating dry hydrocinehoninc hydro- 
chloride in chlorofona with phoaphoras penta- 
chloride (Koenigs and Hoerlin, Be'. 18W, 27, 
2291 ; Jacob* and Heidelberger, J. Amer. 
Chem. Soe. 1922. 44. 1037) C^stallised from 
etherit has m p. 63*-87® {tnd*f ) or with t SHjO 
from aqueous acetaae, m.p. 70® (tade/). The 
Utter form, on drying in a desiccator, becomes 
amorphous and has [a]” +36'4* (c=I-001 in 
alcohol). It is eery readjy soluble in organic 
eolrents. The h^roehlonde, m p. 227®-22S®, 
[ajp +48 8* {e=l 107 m water), crystallises 
from 83% alcohol, and is sparingly soluble in 
cold water or alcohol, but more readily so in the 
boding solvent. The hydrobromide is very 
sparingly soluble in water. 

Dtsoryhtfdroct ncAoai ne, 

C,H,N— CH,— C,H„N— C,H,. 

U made either by reducing hydrocinchonine 
chloride with iron in dilute eulphonc acid i 
(E. G. W Schmidt, Dissertation, Jena, 1913, 
Jacobs and HcidcIbcrgcr, J Amer. Chem Soc 
1022, 44, 1083), or by hydrogenating deeoxy. 
rmehonine or cmchcne using a paUadian. 
calcium carbonate catalyst (Schopf and Schmidt. 
Annalen, 1928, 465, 127), or by heating the 
.hydrazone of hTdrocinehoninone with powdered 
, potassium hyd^roxide (Habe and roo Riegen, 
Annalen, 1932, 492. 263). De^osyhjdro- 
cinchonme base crystaUisea from moist ether or 
from aqueous acetone with 2H,0, m p. CO®, 
{a]” +113 8® (c— 1-014 in alcohol). The water is 
lost m dry air or in a desiccator, and the base 
becomes amorphous. It separatee in the an- 
hydrous condition from light petroleum or from 
abeolole ether, and then has to-p. 74*. 

+ 147® in alcohol. It is easily soluble in organic 
eoleents. The hydrochloride cryetallisee from 
alcohol in narrow glistening pUtes and prisms, 
ra p 19r-199*. (c]p‘ +69-3° (c=l 0C8 in water).! 
The salt u fairly soluble in alcohol, very readily 
ao m methyl alcohol or ui chloroform, but less so i 
in acetone. The Aylnodide has m p. 230®-t3l®. 

Jlyirorinefiene, 

C,H,N— CH=C < C,H„N— C,H,. 

is prepared by boOiug hydrocmchonine chlondo 
with alcoholic potash (Koenigs and Hoerlin, 
Ber, 1694. 27. 2291 ; Koemes. i6id. 1895, 28. 
3146 ; J. pr. Chem. 1900, (ii). 61, 44 ; see alto 
Koenig*. Her. 1894. 27. 1604). It crystallise* 
from aqueous methyl alcohol in leaflets, mp 
145*. )Vith 25 phosphoric acid at 170® it u 
bjdrolyaed to Icpidine (j r. itsder Cinchonine) 
and cincholoipon (tte fcelotf), but does not react 
with hydrobromic acid (distinction fro'~ 


emchece). It is isomeric with, but distinct fron, 
desoxycinchonine. 

OmnmoclAi/lqv>ntich'di»e, ethrlquianclidone- 

oxime,HO—N=C<C*H„N—C,H,. is formed 

together with cmchonmic acid from hydro- 
cinchoninone, when this ketone, dissolve in 
cold alcohohe sodium cthoxide, is treated with a 
bttle more than one molecular proportion of 
amyl nitntc (Rabe and Naumann, Annalen, 
1909, 365, 363). It crystallises in white needles 
from a miiture of light petroleum (b p. G0°-65®) 
and ethyl acetate, and has m.p. 133°-134®. It is 
readily soluble in water, alcohol, ether, or 
ethyl acetate, but less bo in hght petroleum. On 
hydrolysis with hydrochloric acid, the bicrche 
system undergoes rupture, and there are formed 
hydroxylamine and cincholoipon. 

Cindtoiotpon, 3-ethylpiperidine-4 acetic arid, 
CjHj— C,H,N— CH,— CO.H. was first dis- 
covered by Skraup (Jlonatsn 18SS, 9, 805) in 
the products of oxidation of cmchomne and 
qmiunc with chromic acid. It was shown hr 
Koenigs, however (Ber, 1894, 27, 1594 ; with 
Hoerlin, tbid 2290). that the cmcholoipon wu 
derived not from these alkaloids but from the 
hydro alkaloids present in the commercial 
materials. Cincholoipon can bo prepared either 
by the hydrolysis of hydrocincheno with 25% 
phoephone scid at 170®, or by oxidation of 
oydroeincbomne with chromic acid (Koemgs, 
and Koemgs and Hoerlm. le) It has elso 
been prepared bv the reduction of metoqmnens 
(fr. tnoer CincLonine) either with sme and 
bydnodic acid (Koenig*, ihid. 1902, 35, 1350), 
or better ratal^ically (Kaufmaan, Zelier and 
Huber, <5>d. 1913, 46, 1830). It can also be 
prepaid from hydrocinchoninone, bv tbs 
action of amyl nitnte followed by hydrolysis 
(see Oxinunoetbylqiunuelidine, ohote). Its N- 
methyl derivative IS readily obtained by subject- 
ing tsonitroso-N-methyicinchotozine to the 
Beckmann transformation ; the easily isolable 
N-methyl denvat ive of the mtnle of cmcholoipon 
IS then formed (Rabe and Ackermann, Ber. 
1907, 40, 2013). Cincholoipon crystallises from 
methyl alcohol and has to p. 236*. It is soluble 
in water. The ht/droehlondt consists of yellow 
rhombic crystals, m p. 200®, readily soluble in 
water or la alcohol, bat aot la ether. The salt 
has fa)^ — 5 6®{c»»10 in water). CibcAo/oi/wi 
efAyl (tier hydrochloride has m p. 158® and 
[e]” +5-71® (e=8 29 in water). 

Hydroquinldine, CjgH,,O^N|. occurs in 
commercial quinidme, sometimes in large 
amount. It was first isolated from this soorre 
Forsl and BShnnger by oxidation with 
potassium permanganate in acid solution at 0® 
(Ber. 1881, 14, 1954; 1882, 15. 520, 1656). the 
effect being to oxidise the unssturated qnmidine 
to the alkali-soinbic quitenidine, and thus to 
facilitate the isolation of the htdroquinidine. 
It is best prepared by catalrtic hydrogenation 
of quimdtne, from which it differi only in havng 
an ethyl side-chain in place of a vinyl gro '? 
It has been synthesised by Rabe, Iluntcnbutf. 
Schnitxe and Volger (Ber. 1931, 64, 24S7). 

Hydroqnimdine crystallises from ether (itout 
plates) or alcohol (needles), and H said to contain 
2 SHjO which ia easily expelled, but the exist- 
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cncc of inicli a hvdratc is doubtful (Giemsa and 
Halbcrkann, Bcf.I921, 54, [B], 1201). Tho drj- 
base melts at 109“ and has [ajjJ’ +231'3° {c= 
2-0210 in alcohol), and +299° (c=0-815, i.c. an 
.V/40 solution in O-l.V-H.SO^). It is sparingly 
Bolublo in ether, but dissolves readily in hot 
alcohol. It gives the thalleioquin reaction, and 
fluoresces in dilute sulphuric acid solution. 
Under tho influence of hot mineral acids it is 
dcmcthylatcd to hydrocupreidinc (v. infra), 
but docs not undergo isomerisation. It is 
fairly stable towards potassium permanganate, 
hut with chromic acid is oxidised to quininic 
acid {q.v. -under Quinine), and cineholoipon (v. 
supra). 

Jlydroquinidinc Hydrochloride, B-HCl, is 
readily soluble in water, melts at 273°-274°, 
and has [a]),'* +183-9° (c=l'3 in water) (Ileidcl- 
l)crger and Jacobs, J. Amcr. Chem. Soc. 1919, 
41, 820). 

Uyd roqu in iVi n c iSu/pAff/c, B j- H , S O 4 , sepa ra tes 
from water above 20° in needles containing 
3H.O (Giemsa and Halbcrkann) or 2H«0 
(Hesse). Tho anhydrous salt, m.p. 214°, 
docs not absorb water on re-exposure. When 
crystallised below 10°, the stdphato separates in 
prisms, and these are so efflorescent that it is 
diflicult to determine their initial water content, 
which is given ns 8 and ISHjO, hut may be ns 
high ns 18 H«0. Tho hydr.itc stable in the air 
appears to bo B2-HjS04.2H20, for tho an- 
hydrous salt reabsorbs that amount on exposure, 
llydroquinidino sulphate dissolves in 92-3 parts 
of water at 10°. 

The dihydrochloridc has been used to separate 
quinidine and hydroquinidino (Buttle, Hcniy 
and Trevnn, Biochem. J. 1934, 28, 434); tho 
dihydrohromidc has been described by Emde 
(llelv. Chim. Acta, 1932, 15, 575). The neutral 
tartrate, B2-C4H„05,2Hj0, is readily soluble in 
water, but tho acid tartrate, B-C^HjOj.SH.O, 
is siiaringly soluble. 

cyillydroquinidinc, C2oH2(;0;N,. is cpimcric 
with liydroquinidine about the carbinol 
(CH-OH) group. It is obt.aincd cither by 
heating hydroquinino with amyl alcoholic 
]xit.a.ssium hj-droxidc, or by the catalytic reduc- 
tion of hydroquininone, or by catalytic hydro- 
genation of rpiquinidine. In each case except 
the last, a mixture of hydroquinine, hydro- 
quinidine. eyu hydroquinino and e/r/hydroqiiini- 
dine is produced. After removing the first two 
naturally occurring alkaloids ns neutral and acid 
tartrate respectively, the two c/ii-b.ases arc 
n-parated n.s neutral dibcnzoyltartrates from 
Ix-nrene. The rpihydroquinidino so obtained 
from the more soluble component is finallj- 
piirilied by n'crv-stallisation of the b.ase from 
ether. f/)illydro(|uinidinc has been .synthesised 
(IvalK- and others, Bcr. 1931, 64, 2499). It 
forms wilourlc.s.s, flat prisms from ether, m.p. 
122 , +73-7° (C--0-3321 in alcohol), is 

vor\- readily .soluble in alcsdiol, fairly soluble in 
ether, .and is strongly lluore.srent in sulphuric 
niid solution. It.s dibenr.oyltartrate, m.p. 1.50°- 
157’, ri sparingly soluble in water, ether, ben- 
rene, or cold .alcohol, but readily so in hot alcohol 
(B.al- and others, .-'innalen, 1932, 492, 253, 250, 
257, 2G1). 


liydroquinidine Chloride, 

CHjO-CjHjN— CHCI— CjHiiN— C2H5, 

is prepared from dry hydroquinidino hydro- 
chloride and phosphorus pcntachlorido in 
chloroform solution (Heidelbergcr and Jacobs, 
J. Aracr. Chem. Soc. 1920, 42, 1497). It crystal- 
lises from light petroleum in cream-tinted plates, 
m.p. 93-5°-95°, [a]^ +20° (c=0-6 in alcohol). 
The hydrochloride, needles from alcohol, m.p 
208°-209°, [o]“ +39-7° (c=0-795 in water), is 
readily soluble in water and in methyl nleohol, 
less so in ethyl alcohol or in chloroform, and 
sparingly so in acetone. 

Desoxyhydroquinidine, 

CH3O— CjHjN— CHj— C,HiiN— CjHj, 

is obtained by reducing hydroquinidino chloride 
with iron filings in dilute sulphuric acid (Heidel- 
berger and Jacobs, J. Amcr. Chem. Soc. 1920, 
42, 1497). It has also been made similarly from 
cpihydroquinidino chloride (Babe and others, 
Annalcn, 1932, 492, 258), and tho following par- 
ticulars are taken from these two sources (c/. 
Giemsa and Halbcrkann, Ber. 1921, 54, 1203). 
Dc3oxyh3-droquinidino crj-stalliscs from 00% 
alcohol with 2H;0, m.p. 85°-87°, [a]p ° +167-3° 
(c= 1-124 in alcohol). Tho anhj-drous base 
melts lower at C8-5°-70°. 

It is readily soluble in alcohol, acetone, 
chloroform, or benzene and less so in ether. It 
gives tho thalleioquin reaction and fluoresces 
in dilute sulphuric acid solution (purple). Its 
lydrobromide melts at 151°-152°. 

Hydrocupreidinc, C]5H2402N2, was first 
obtained by Heidelbergcr and Jacobs (J. Amer. 
Chem. Soc. 1919, 41, 827) b^- tho domethj’lation 
of hj-droquinidinc with 4 parts of boiling 40% 
h\-drobromic acid at 125°. It can also bo 
prepared from hj-droquinidino with strong 
sulphuric acid, tho resulting hj’drocuprcidino 
sulphonic acid being saponified by heating -with 
dilute hj-drochloric or sulphuric acid (Giemsa 
and Bonath, Bcr. 1925,58, [B], 93), or directly 
by boiling -ivith 60% sulphuric acid (Henry and 
Solomon, J.C.S. 1934, 1929) Hj-drocupreidino 
ciystalliscs from aqueous alcohol (Heidelbergcr 
and Jacobs) or from acetone (Henry and 
Solomon) as an indefinite hj-drato which is 
difficult to dty without discoloration ; the 
hj’drate melts at 170°. Tho anhj-drous base 
melts indefinitely- at 195°. According to Giemsa 
and Bonath the base crystallises from absolute 
alcohol, and then ha.s m.p. 193°. The specific 
rotations given for the dry base in alcohol are 
widely different: +253--!° (Heidelbergcr anil 
Jacobs), -j.242-,5° (Gicm.sa and Bonath), +227-2° 
(Henry and Solomon). Tho base is readily 
soluble in cold alcohol, less readily in chloroform 
or acetone, and sparingly in ether. It is non- 
liuoresccnt, and docs not give a coloration 
with bromine water and ammonia. The hydro- 
chloride ciy.slalli-^cs from 50% alcohol in rosettes 
of needles which are not anh_vdrous. ns stated by- 
Henry and Solomon (I.c.), but contain 1 H-O ; 
the anhydrous salt melts at 232‘, and has [a],, 
+ 194° in water. Thu dihydrochloridc is 
sp.aringly- soluble in dilute hydrochloric- acid. 
For other salt.s and for the cthy-1 ether of hy-dm- 
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cupreiJin^, «« Ilfitlelberger and Jacobs (/e.), 
and for other homologous alk^l ethen, tte 
Ghosh and Chatter]ee (J. In dian Chem. Soe. 
1931, 8. 257 ; 1932. 9. 83 ; Buttle, Hewy, 
Solomon, Trevan and Gibbs, Biochem. J. 1933, 
32. 52). 

Hydroquinine, C4,H{«0}N|, accompanies 
quinine in onchona barhs and in commereial 
quinine sulphate. It was first isolated by Hesse 
(Ber. 1882, 15, 856 ; Annalen, 1687, Zit, 257. 
2S6) from quinine sulphate mother.bquors, by I 
taking advantage of the fact that hydroqtuiune | 
acid sulphate, B H^SOi, or hjdroqmnine 
dihydrobrormde, B2HBr, is more soluble in 
water than tho corresponding quinine salt. 
Quinine can m this way be completely freed from ; 
h^droqumine, but the latter ean only be pre-i 
pared in the pure state by osidi^g with I 
pota.ssium permanganate the mixture of quinine ' 
and h^droquinino obtained in the mother 
liquors ; the quinine becomes oxidised to the 
atkah soluhlo quiterune, and the hydroquinine, 
being left largely unattaeked, ean then be ^ 
readily isolated. It is, however, beat prepared I 
bj the catalytic hydrogetiation of quinine, from I 
uhich it diflers only in that it has an ethyl side, 
chain in place of the Moyl group of the latter 
This process has in the last decade or two 
acquired much technical importance, partly 
bccau'o of the demand for hydroquinine itself as 
a therapeutic agent, and partly because it eon* 
stitutcs tbo starting matenal for the naou- 
factureofthe hjdrocupreine ethers ('* optochia,” 
'‘Tuzin") Early examples of such catalytic 
procoi><cs ran be found tn tho following patents: 
or 234137/1911. 252136/1013. 207300/1913; 
U.l’ 3948/1912. Ear details of processes, see 
Catalysis ct I^DC8T£UL CueuisTBY, Vol. II. 

\ P ■♦22 

‘ Hydroquinine base is precipitated by sodium 

' hydroxide solution from aqueous solutions of its 
salts, when it separates m amorphous flakes 
which gradually become crystalline and contam 
2H,0. This form turns to a soft rubbery mass 
l«low 100*. but the anhydrous form, which 
iryatnlli«e8 from ether or benicne, melts at 
172 S' (Lenz, Z anal Chem 1698, 27, 561) 
and has (a]p —142 2* (c=2 4 m 95% alcohol) 
(Hesse), or —235 7* (c^OSlS, i e. an J//40 
solution in 01.Y.H,SO4) (Buttle, Henry and 
Trevan, Biochom. J. 1934, 28. 430) It is readily 
soluble m most organic solvents, including ether, 
but not m water or alkaLs ; it nevertheless 
clissolics appreciably in ammonia solution 
llydruquinino is fluorescent in dilute stilphunc 
acid solution, and gives the thalleioqum teartwm 
It is rclatiiely stable towards permanganate, 
but IS oxidised by chromio acid to quinmic aeid 
(7 r. under Quinine) and cincfaoloipon (q r under I 
iiydrocinchonmc). On melting its acid su) 
phatr, or on boiling with dilute acetic acid, it 
IS transformed to hydroquinatosine (e. •»/«) 
Uith strong mineral acids (HCI, HBr, HI, 
H1SO4) or aluminium chloride it undergoes 
dcmcthybtion (tee ‘•Hydrocupreine” belw), 
but not isomerisation, jlydroquinine is bitter j 
to the taste, and is equal or superior in ■ 
maUnal activity to quinine. 

Jlydroquinine JJj^rochloride, B HCI,2HjO, 
crystallisis from water in prisms, sbf 


anhydrous salt melts at 200®-20S®, and has 
—123 9* {e=M13 in water). It also crystalk-ics 
from a mix tureof acetoneand ether with 0 SHjO. 

It 13 leaildy soluble in water, alcohol or acetone, 
but not in ether (Hesse, Annalen, 1887, 241, 
264 ; Heidelberget and Jacobs, J. Anver. Chera, 
Soc 1919.41,820} 

Uydroqu\n\neSulphaIe,Q^ HjSO^, crystallises 
from water in needles containing 6H,0 when 
stable, but probably with 8H.O at first. The 
salt is soluble in343 partsof cold water, and when 
anhydrous re-absorbs 4 or 6H,0 on exposure. 
The ae\d tulphalt, B'HjSOi. crystallises with 
SHfO and is extremely soluble in water. The 
di^^rohromiife crystallises with 3H|0, and the 

hydrous salt has [a]},* —152 5® in water, 
tfany other salts of hydroqumine are known. 
It forma loose compounds with eeveral other 
cinchona alkaloids and also with anethole ; it 
forms an amorphous acetyl- denvatne, a 
ciystalline benzoyl- derivstive (m p. I02°-]07°}. 
and a methiodide. 

Ilydroqutnoloxine (hydroquinicine), 

CHjO— CjHjN— CO—CH,— CHj— CjH,N— C,H„ 

is prepared from hydroqumine cither by heating 
the acid sulphate at 140* (Hesse, Annalen, 16S7. 
241. 273) or by boding in dilute acetic acid 
(Rabe, Ber 1013, 45, 2927, Kaufmann and 
Huber. i6id. 1913. 46. 3921 ; Heidelberger and 
Jacobs, J. Amer Chem. Soc. 1922, 44, 1092) 
It baa been synthesised by Babe and hu co* 
workers (Ber. 1931, 64, 3497; ttt alio Babo 
and Kjodler, i&td. 1910,52, 1S42). Jtisayellow 
Tarmsb, (o)p —17* {c=3 m water with 3HCI}, 
easily soluble in alcohol, ether, or chlotofora. 
Its solution in dilute lulpburie aeidis j cllow, hut 
non fluorescent, and it gives the thalleioqmn 
reaction The rufpfuttt, B, H,S04, crystoUiies 
from a mixture of aqueous alcohol and 
acetone with 3H}0; the anhydrous salt has 
mp. m®-176*, W*D* (e-0 969 w 

water) Ozahe acid precipitates an amorphous 
arohite, which is soluble m chloroform (distinc- 
tion from quinotoxine); the dibemoyllarlraU 
melts at 170®. 

rpillydroquinine. is epinierie 

with hydroqumine about lhccaTbinol(CH OH) 
group. It can bo prepared either from 
hydroqumine by epimeri«tion with amyl 
alcohokc potassium hydroxide, or from hydro* 
quinonc by catalytic reduction, or by tho cata- 
lytic hydrogenation of epiquimne. _ In the 
first two cases there is formed a mixture of 
hydroqumine, hydroquinidine, epi'hydroqumine 
end epihydroqumidine. The first two natunvUv 
occumng alkaloids are rcmoicd as neutral and 
acid tartrate re8})cctii ely ; the two rpi-bases are 
then 8ep.arate<l as neutral dibenioyltartnlc* 
from benzene. The epihydroqumine so obtained 
from the more sparingly soluble component is 
finally purified by roerystallisation of its hydro- 
chloride from acetone. Attempts to crystallne 
the base have so far failed ; it is a x isroiis oil, 
[<i]J -b32® (c=0 95 in alcohol), readily soluble In 
organic solients, and showing a strong ^e 
fluorescence in 8ul[ihune acid solution. Too 
dibcflzoyltartratc, m p. 151® crystallises from 
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nccfonc, nntl is sparingly soluble in -wratcr, 
Ijcnzonc, light petroleum or ether readily so in 
alcohol or chloroform (Rabe and co-workers, 
Annalcn, 1932, 492, 253, 256, 2-57, 260). 
Ilydroqnininone, 

CH,0— CjHjN— CO— CjHji— C;Hj, 

was first prepared by Irschick (Dissertation, 
Jena, 1913) by the gentle oxidation of hydro- 
quinine with chromic acid. It is best prepared 
indirectly from hydroquinotoxinc. By bro- 
minating in hydrobromic arid solution the C- 
broraotoxino is obtained, which, on trc.atmcnt 
with sodium othoxide in alcoholic solution, gives 
rise to the desired ketone (Kaufmann and 
Ilulwr, Bcr. 1913, 46, 2922). It has been 
synthesifled by Rabe and his co-workers (Bcr. 

I Ml, 64, 2497 ; etc aho Rabe and Kindler, ibid. 
1919, 52, 184.5). Hj’droquininono ciystalliscs 
from ether in yellowish needles or leaflets, 
m.p. 99°; it shows mutarotation : [a]^ (final 
value) -f 73-]5° (c=l-784 in alcohol) (Kaufmann 
and Huber; Rabe and Kindler; Irschick’s 
ketone, prepared by direct oxidation, and Rabe’s 
synthetic ketone have lower rotations, +65-0° 
and -)-68-8° respectively). The picratc melts at 
221 ° 

llydroquxnine. Chloride, 

CH 3 O— CjHjN— CHCI— CjH„N— C.Hj, 

is prcp.arcd by the action of phosphorus ponta- 
chloride on dry hydroquinine dihydrochloridc 
dissolved in cold cliloroform (Hcidclbcrgcr and 
Jacobs, J. Amor. Chom. Soo. 1920, 42, 1491 ; 
Giemsa and Halbcrkann, Bcr. 1921, M, fB], 
1191). It crystallises from dilute alcohol or 
from petroleum spirit (b.p. 80°-90°) in cream- 
coloured rhombs, m.p. 144°, [a]^ ° -h42-l° (c= 
1-365 in aleohol) or -f 43° (c=3-0136 in alcohol), 
llydroquinino chloride is readily soluble in 
alcohol, acetone, chloroform, or bcnr.cno, less 
readily in ether, fairly soluble in boiling 
but scry sparingly soluble in cold petroleum 
spirit. It is a light-sensitive substance which 
gives the fhallcioquin reaction. Aqueous 
acid solutions are yellow, but non-fluore.scent. 
The hydrochloride, B-HCI, m.p. 232°-233°, 
—2-9° (c = l-197 in water) cryetalliscs from 
f>(y)o alcohol, and is somewhat sparingly soluble 
in water or alcohol. 

Deeoryhydrogu i nine, 

CH 3 O— C,HjN— CHj— C,H„N— C.Hj, 

is obtained by rcrlucing hydroquinino ehloridc 
with iron in dilute sulphurio arid solution 
(lteidcll)orgcr and Jacobs, J. Arncr. Chem. Soc. 

1920, 42, 1492 ; Giemsa and Halbcrkann, Bcr. 

1921, 54, 1198), or in the same manner from cpi- 

bjdroqiiinine rhlorido (Rabe and others, 
Atmalch, 1932. 492, 25S). Dcsoxyhydro- 

quinino ciystalliscs from aqueous acetone in 
colourless, silky needles which contain SHjO 
and melt at 69°, solidify on further heating, 
and melt again at 9.5°. Tlie 3H.O is readily 
lost in a dcsiceator ; the anhydrous b,ase is oily, 
ab<orlH 2HjO from the air, and in doing so 
ciyst,a^lli«cs. The tribydrate has [a]p* -77-5° 
(e- 1-241 in alcohol) and is readily soluble in 


organic solvents ; it gives the thallcioquin and 
fluorescence tests. The hydrochloride, B-HCl, 
crystallises from acetone in anhydrous needles, 
m.p. 179°-180°,[a]o ‘ -6-8°(c=l-034 in water). 
The salt dissolves readily in wafer, alcohol, 
methyl alcohol, chloroform, or hot acetone or 
benzene, but sparingly in cold acetone or benzene. 

Hydroquinene, 

CH3O— CsHjN— CH=C <C5 HioN— C jHs, 

is prepared by boiling hydroquinino chloride 
with alcoboUc potn-ssium hj-droxido (Giemsa and 
Halbcrkann, Bcr. 1921, 64, [B], 1194). It crj-stal- 
lises from a mixture of ether and light petroleum 
in colourless rosettes of eolBn-shaped needles, 
and on rcciystallisation from dilute alcohol or 
acetone, separates with SHjO. The anhydrous 
Bubstaneo melts at 78°-79°, and has [a]p° 
-b29-5° (c=2-678 in alcohol). It is readily 
soluble in the usual organic solvents, except in 
light petroleum. Hydroquinene gives the 
thallcioquin test, fluoresces in dilute nitric acid 
solution, and is instantly attacked by pota.ssium 
permanganate. The hydrochloride melts at 
209°. 

Hydrocupreine, is prepared by 

demcthylating hydroquininc with hot hydro- 
chloric (Hesse, Annalen, 1887, 241, 280), hydro- 
bromic (Heidelbcrgcr and Jacobs, J- Amcr. 
Chem. Soc. 1919, 41, 821), or hydriodio acid 
(Bum, Monatsh. 1895, 16, 73), w-ith aluminium 
chloride in nitrobenzene solution (Oberlin, Arch. 
Pharm. 1927, 265, 270), or with concentrated 
sulphuric acid, when a sulphonic acid is formed 
which is hydrolysed by boiling with dilute 
hydrochloric or sulphuric acid (Giemsa and 
Bonath, Bcr. 1925, 58, [B], 89, 92). It can also 
bo obtained by the catal^-tio hydrogenation of 
cupreine (Giemsa and Halbcrkann, ibid. 1918, 
51, 1328), but best, perhaps, by boiling hydro- 
quinino with 60% sulphuric acid. Apart from 
demcthylation, no change takes place, for h3-dro- 
quinino is regenerated w-hen hj-drocuproine is 
mcthj-lafcd by means of diazomethanc (Oberlin.) 

Hydrocupreino is precipitated bj- means of 
ammonia as a micro-crystalline powder contain- 
ing 2H,0, but ciystalliscs (if pure) from alcohol, 
dilute alcohol, or from a mixture of chloroform 
and benzene in the anbj-drous condition. From 
licnzene alone it separates as a jell}-. It becomes 
amorphous on heating below its melting-point, 
and this accounts for a divergence among the 
published figures ; HessoandPum give m.p. 170°; 
Giemsa and Halbcrkann record 264°, while 
Gicm.sa and Bonath, seven j-cars later, record 
186°; according to Heidelbcrgcr and Jacobs 
hj-drocupreino becomes a glassj- mass filled with 
bubbles of gas at 185°— 190', and this docs not 
become complctclj- liquid until 230°. The specific 
rotation of lydrocuprcino in alcohol is given 
variousR- between the extremes —148-7° 
(neidell>crpcr and Jacobs) and —159-2° (Giemsa 
and Bonath). Hj-drocupreine is rcadilj- soluble 
in alcohol or chloroform, and ns a phenol 
dissolves frccR-in caustic alkalis. It is sparingly 
soluble in ether or cth\-l acetate, almost in- 
soluble in light {wfrolcum or water, and dissolves 
with diflicultj- in ammonia solution. llj-dro- 
cupreine is non-fluorcscent and docs not give 
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th^ thalJrioqnin n^actioR aUhoa:;h He$*e claims 
to have obtained the preen colour 1^ using 
bleaching pjowder. Aqueous solutions of the 
neutral salts, like those of cupreine, are of an 
intense'y jellow colour, which is immediately 
discharged on the addition of mineral acids, 
//ydroeuprctflc AydrocAlorirfc (B HCl) eijstal- 
liRCS from water acidified nith bjdrocfalone 
acid in anhydrous needle*, duonp. £3j*-2fc0®, 
melting at the latter temperature. [aJJ* 
—132 3’ (c=0 945 in alcohol), it is spanngly 
soluble in water, acetone, or ehlorofonn, leadilv 
di«»oIres in alcohol and ven readilj in meth>l 
alcohol. The dtXydrocklondt, B 2HCI.HtO. 
melt* at 224® The «eutrol»»//iAo/f. B, H^SO,. 
w anhjdrous and xerj spanngh* soluble in water 
or in alcohol. The aetd nlphatt, B H^SO,, 
sep.trales with 4HjO . the anhjdrous salt, m p 
2(0’. reabsorbs tH^O on eaposure The 
iarlratf, Bj C,H,0,.2Hj0, inelta at 242®. 
Other a.tlts piTp.-iretl include the dilijdro 
bromide and and nitrate. 

Ujclroeupreine gites nv to a toxine. hidro. 
eupreinofoxine (hjdrocupreione), in the 
ordinar}' way, but a number of dentatnes such 
as ii3 ilrocuprcine bromide and dcsottbtdro 
rupreinc hate been obtained b\ demctbylating 
the corresponding hydroquinine'dematnes. As 
a phenol, htdrociipreine. in common with 
eupmne, couples with dmoniom solution*, 
ginng n*e to an interesting aeries of dyes. 

A fontidcrablc amount of attention baa been 
psen to the alky! ethers of hydrocuprewe and 
hydrocuprcinotoxinc since the di*eosery of their 
sinking baeteneidal action by Morgenrotb and 
colltboraton, who infestiga'tol the complete 
smearromcthyl loceoKCw) Tho*cintere«teO 
in the results of these biokigieal inrestigations 
1 and their possible therapeutic application sbouhl 
f eon*tdt The Tlierai'eutie Agents of the 
Quinoline Group" by ton Uettingen (Chemical 
Catalog Cb Inc , New York. 1933). ' Handbuch 
der Chemothcrapie ■■ by jnehl and beHo*s 
liergcr {Fi'fliera Medirini<ihc nurhhandlung, 
lyq'zig. 1932) and ‘ Hercut Adranres m 
Chtmotherapy ' by Findlay (J and A ChurchiU, 
Ixindon, 1930) ior the preparation of aoinc of 
the*e 6ub«lanees, ac« 3ercinigtc ChtQjnfabnl.eD, 
Zimmer A Co. G.m b 11 . G I* 2347)2, 1912. 
14.4.14.0 f, LTIL , GjnoM'v awi bUlhetLinn., U<u; 
1018, fil, 1332 . ilcidciberger and Jacobs, 
J Amer Clicm boc 1919, 41, h21, 1922, 44, 
1097. SIottA and Behnurh, Her 1933. 69., 
[H], 3C0, and for the entire senca op to C||. | 
are Buttle. Henry, Solomon, Tret an and CibL*. 
Bioehcm. J 1938, 32. 01. Among the Utter 
known products arc i»tnmyIhydroenpreine 
dihtdrtKhlori'lc (" eucupin ”). arrwieljlhydfo- j 
rtipreme dibydrochhindo ("■ turin ' ) anil flAyl 
AyilrofupreiKe hyimtilandi (*' optochm 


C,H_0— C,HjN— CH(OH)— C,H„N— HCI. 
whirh 1* recogniscil in tho ” I mini Statrs 
I'harmacojKiia." AI. nie salt re.sdilt riyslal 
Il'o* from A tniiturc of acetono and etber, m }•. 
232"-23t'. (a]J,‘ -123 C® (€=0939 in water). It 
ij revldy ►oliiblc m water or alcohol The ba<o 
on the market i* aho amorphoii*. but bis imn 
obuincU crystalhno from toluene ; tbe an* 


bjdrotis base bas m p. 123’-12S* and fain 
-1362®(e=I-003inalcohoI) “ 

Javanlne. of undeterminwl composition, w« 

! isolated by Hesse (Ber. 1877, 10. 2162) from tie 
bark of Ctxehona Calisaya TSr. jarttmea. Jt 
rrystallises from water in rhombic leaflets, is 
readily soluble in ether, forma a rrvstalhne 
oxalate, and dissolres in ddute eulpbunc and 
with an intensely yellow colour. 

A’ljwidiwe — i^cf vndtr Quinidine. 

Pancinc. Cj^Hj^ONj, was discorered by 
Winckler (JahresWncht. 1843. 27, 338) in the 
barks of Bueva Aeranrfra and CincAonn ItSta. 
Later, Hesse founil it m C. tnttiruhra of Darjeel- 
ing (Phans J. 1670, 1. 344; Annalen, 1873, 
IW. 263) It i* an amorpherus, yellow powder, 
m p ] 16®, soluble in water, alcohol, ether or 
light petroleum Its saKs are alao amorphous, 
and It* nitrate is insoluble 

Quinamtine, C,,Ht40,N}. was isolated from 
the bark of CinrAona tueciniLra bv He«se (Ber 
1S72, 5, 263 , see also iltd. 1877, 10, 2137; 
Annalen. 1873. 166, 2CC . 1881, 207. 28S). 
It occurs only m small quantities, but u widely 
cb*tnbuttd, one of the nebest sourees beiog 
CiflcAono Ltdgeriana Oudemans (.4nna)eo, 
1679. 197. 49) found that the total alkaloids of 
C sueci^bn contained 4 5% of quinamtoe. 
It IS best isolated from quiruno sulphate 
mother bquors (see foregoing refercnecs and ila 
Vnj, Pharm J 1S74, 4. COO . Howard. tltJ 
1875.5, 1) by remoring quinine and cinehomdme 
aa tartnles. and rincnonine as thiocyanale 
The qomamine crystallises from ft solution of the 
residual bases in 80% aleoLol, or may l<o purified 
by cnslalliaation of the nitrate. The base 
ctystaUi*ew in long, anhydrous necdlea, tup. 
172®, (o]Jf +93 4* (c-2 m ehlorofonn). er 
+ 1(M3* in alcohol It is almost insolullo in 
water, spanngly so in alcohol, and fairly soluhlo 
m ether, A giNts n nth yellow coloration wilh 
eoneentrated sulphuric acid m the nresenro of a 
btlle nitric uritl , on diluting with water, the 
colour changes through purple to pink. Quin- 
amine is a monoaeidic base, and its and salts are 
amorphous ; the neutral salts, of which a fairly 
large number have been prepared, crystallise 
well. It contains no roelho\^l group, w readily 
osidi*ed, and is scry unstable towards and*, a 
vanety of products l<cing formed (Yle*i*e. 
Annalen, 1881, 207. 292 ft seq). 3 cry mild 
treatment, such aa boiling with 1% aulphunc 
acid, or eien standing at the onbnary tempera- 
tare in 13% hydrorhlone acid, auftitcs to i*<^ 
rocn*e qiiinamine to quinnmi'line (m p 93’, 
(ojp +4 5’ m alcohol). This is I*'*! prepiml 
(itfrf 299) by heating qiiinaminC with 5 partaef 
IQ^o tartaric aewl solution for 2 hours To 
pether with quinamidinc i* always ftinunl m 
smaller amount another isnmcride, tjuin'tivic'-e 
(mp 109’. (0% +3S* in alcohol), -whifh 11 
obtained also from conquinamino (91.). Im* 
prcstcst amount whmi nn alcoholic aolulion M 
quiruminc and sulphate containing a hltle 
gtyerrol m c\aioralc»i at Or-5>0°. and the rc»«lue 

healolat 10i/’forfercralminulM(i'/c«/, «W.3ii3) 

If the n-*idue i* htalol at 12'» -13'(’ in>uiwl ol 
at Ksi’, an amorjihoii* substance prij/o'juinatni- 
cine. CjjHjgOjNt, u formed (id'in, ibiJ. 30o) 
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When Ijoilcd witli hydrochloric ncid (sp.gr. 
Iri2,'i) or with 25% sulphuric ncid for 3 minutes, 
quinnraino is dch 3 -dratcd to apoquinamine 
(CjpH.jON,, idem, ibid. 204} (m.p. 114°; base 
optically inactive, hydrochloride, 

Itcvorotatoiy). opoQuinamine is formed in the 
same way also from quinamicino or eonquinamino 
{q.v.}. Qiiinaraine and apoquinaminc give rise to 
one and the same ncctjd.dcrix’ntive, which on 
hj-drolj’sis furnishes the latter base. On heating 
at HO" witli hj’drochloric ncid saturated at 
— 17° quinamino is converted into a rubbery 
mass, which is insoluble in dilute acids, or in 
ordiiinrj’ organic solvents. 

Quinctum. — This name was used bj- de Vrij 
to describe the total alkaloids of C. suecirubra, 
uhich in the carl^’ da^-s of cinchona-planting he 
rceommended as the most economical method of 
utilising cinchona alkaloids. The preparation 
was also known ns “ cinchona febrifuge.” 
When Cinchona svccirvhra was supplanted b^’ 
species yielding bark richer in quinine, it became 
didicult to Huppl.v " quinctum ” and the demand 
was met in two diiTcrent waj-s. The residues of 
tho total alkaloids of “ factory bark,” after the 
removal of quinine, were made into a quinctum 
substitute In- tho return of some quinine and 
the product was known ns “ cinchona febrifuge.” 
Its variability in composition has frcqucntli’ 
been commented upon {see, for example, 
I,enguo of Nations, Health Section, C.H. 
Mnlarin/IfiS, Geneva 14/4/1031 ; Howard, Trans, 
lloj-. Soc. Trop. Med. Hj-g. 1920, 18, 358; 
Goodsoii and Henry, Quart. J. Pharra. 1930, 3, 
238) and it is desirable that it should bo replaced 
hy a sfattdardiscd preparation sucit as totaqirina 
().. 132). 

Cinchona febrifuge was sold principally to 
indigent natives’ in tropical countries. There 
wn.s also a certain demand for quinctum in 
Kuroire, and under the new conditions this 
demand was met hj- mixtures of the crystalline 
alkaloids of cinchona, but as there was no 
standnnl this product wn.s also variable (League 
of Nations, Health Section, l.c., 15-lS), artd the 
Malaria Commission of tho League of Nations 
propo.scd in 1931 that tho name quinctum should 
be restricted to a mixture in equal parts of 
quinine, einchonine, and einehonidino. This 
standard is recngni.scd in the “Hritish Pharma- 
eeutieal Corlex,” 1931, which requires that quine- 
turn shall contain not Ic.ss than 00% of quinine 
and einehonidine ns determined hv tho “ Hritish 
I’harm.aeopceia ” method for totnquina (see 
p. 132). Tlio loss in drying is not to exceed .5%, 
and the ash must be 1% or le.-s. 

Quinicine . — Usee Quinotoxine, rinrffr Quinine. 

Quinidine (r-onijiiininc), Cj(,H.,0;N.. is a 
rialiirally occurring dcxtroro*tato*ry ‘stc’rcoi.so. 
lurride of quinine, and is sfcrx-orhemie.alIy 
idcntiial uith cinchonine, except that it cori- 
tniiis .a methovyl group in the G-position of the 
ipiiiu.liiic nueleus. It is found in .small quantity 
in mo-t cinchona bark.s, but e.siH-eiitllv in C’. 
piCn.'s;!,!*, f. amyjJalifiJla, .ami C. Vnlisat.’a. 
tjiiinidine is now cxtractcsl on a commercial 
scilc, but at one lime it was said to bo pro- 
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cipitated together with the amorphous alkaloids 
in the “tails” of quinine manufacture, and so 
passed into tho agglomeration of alkaloids 
termed by Sertumcr “ quinoidine ” (1828). 
It was from this source that Henry andDelondro 
(1833) prepared an alkaloid which thej’ termed 
“quinidine,” while Van He 3 -ningcn (1849) also 
isolated a crystalline alkaloid, isomeric with 
quinine, but called it “ ^-quinine,” for Winclder 
(1847) had in the meantime used tho name 
“ quinidine ” for another alkaloid. Pasteur 
(1853) renamed Winckler’s alkaloid “ cin- 
chonidine ” (the name which it now bears, g.r.), 
and reverted to Henry and Delondre’s original 
name for tho alkaloid hero in question, which ho 
isolated also from commeroial cinchonine, and 
which de Vrij (1857) showed to bo identical with 
Van Heyningen's )3-quininc. To avoid confusion 
with Wincldcr’s alkaloid (einehonidine), Hesse 
(1865) proposed for the quinidine, now of un- 
ambiguous idcntit 3 ’, tho name “ conquinino,” a 
name much used in Gcrmnn 3 ’ but not elsewhere. 
Tho alkaloid is now almost ovcrywvhcre known as 
quinidine. 

Quinidine is prepared from quinine sulphate 
mother-liquors, from which, on adding caustic 
soda, it passes together with einehonidine into 
ether. Tho einehonidine is removed as tartrate, 
and tho quinidine isolated ns hydriodidc. It is 
the Icn.st soluble of tho cinehona h 3 ’driodidcs. 
The base is finally recovered, and reciystalliscd 
from alcohol. Quinidine so prepared contains 
large amounts (c.g. 30%) of h 3 'droquinidino which 
can be removed either b 3 ' Thron and Dirschcrl's 
mercuric acetate process (Annnlcn, 1935, 515, 
252), or b 3 ' fractional rccr 3 ’stnllisation of tho 
dih 3 ’droehlorido from water (Buttle, Henr 3 ’ and 
Trevan, Biochera. .7. 1034, 28, 434). 

Arcording to Hc.sso (Ber. 1877, 10, 2154; 
cf. M 3 diu 8 , ibid. 1880, 19, 1773) quinidine 
eiy.stnilises from dilute alcohol in prisms con- 
t.aining 2-6H,0 (losing O-SH.O on exposure); 
from absolute alcohol it separates with 1 EtOH ; 
from ordinary ether in rhombohedra containing 
2H.O ; from absolute ether with JEf„0; 
from boiling water in leaflets with 1-5H;0; 
and from benzene it cr 3 ’stnlliscs in anhydrous 
needles, m.p. 172°. The quinidine of tho “British 
Phannaccutical Codex,” 1934, 872, contains 
2HjO and melts at about 108°. The published 
rotations of quinidine are: -p2G2° (c=2 in 
alcohol) (Hille, Arch. Pharm. 1903, 241, 77) ; 
-f2.50° (c=3-2 in alcohol) (Oudemans, Annalen, 
1870, 182, 45) ; -p243‘5° {r.— 0-~‘l in alcohol) 
(Kabo, ibid. 1910, 373, 100): -t-230° (e^l-8 in 
chloroform) (He.sse, ibid. 1875, 176, 224) and 
-p334-2° (c=0'Sl, i.r. an A//40 .solution in O-l.V- 
H.SO,) (Buttle rt nl. I.r.). I'or other rotations, 
see Oudemans (l.c.) and I.,cn7. (Z. aiwl. Chem. 
188,8, 27, 571). Quinidine is not ver 3 ' readily 
soluble in nn 3 ’ one organic solvent ; it dissolve.s 
best in alcohol, but is soluble also in ether, 
chloroform, lienzeno or etlnd acetate : it is 
almost insoluble in cold water, hut di— oivcs 
in 7.>tJ parts of boiling water. It give.s the 
thalleioquin re-iction, and exhibits” a bluo 
fluorescence in dilute sulphuric acid. Quinidine 
cIo..“cl 3 ' re.'Pinbles quinine both in chemical and 
pharmai-ological projicrties ; Imth yield the 
same toxinc, quinone, quininic acid, and 
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meroqrunene ; on oxid&tion with poiassiom 
perman^an&te it gim rise to qnitenidiDe 
(««e btlote) and on cstaljtic hjdrograatton 
to hydroquinidine (q r.}. On heating mlh 
mineral aeids it undergoes ranons changes, uo> 
and opoquinidme and their cogeners being 
formed [tt* itlmc). Qmnidme is not greatlj 
inferior to quinine in antimalanal efflcae;. It 
has been recommended for tzse in place of the 
IcTorotatoiy quinine in cases of “qmnine 
idiosyncrasy '* 

Qii\Kid\TieJIydrocXloT\de,^ HCt, erystallises in 
asbestos lihe pnsms containing 1H,0 (Hesse, 
Annalen. 1S6S. 146, 362; 1875, 178. 225), (alt, 
+205 8® (4 928.? m water), +212® (2 562e m 
97^oaleobol) TheanhydrocS8altmeItaat25S®— 
259®. It is readily soluble m alcohol or hot 
water, but only in 62 5 parts of water at 10®. 
It dissoircs alM m ehloroform, but is almost 
insoluble in ether. 

Quinui\ne SuJpktitt, Bj HjSO|, ciystallisea 
from hot water m prums with SH^O (Hesse, 
AnnaJen, 1868, 146, 364; 1875,176,226; 1876, 
182, 141). It u desenb^ in '* British Pharma* 
copceia,” 1932, 364, as colourless, needle-like 
crystals. It baa [o^g +1795® (e>=l m water), 
+211-5® (c»*2 in alcohol), or +164 2® (c=3 of 
anhydrous salt in chloroform). It u soluble in 
about 100 parts of cold water, 7 parts of l^ih^ 
water, 10 parts of alcohol, or 20 of chloroform 
It u almost insoluble m ether- The anhydrous 
salt reabsorbs SH,0 on exposure and u bght 
Moaities Th« acid sulphate is readily soluble 
in water 

Quinidiu Ft/dnodide. 6HI, u precipitated 
as a crystalline powder when a solution of a 
quinidine salt is treated with potassiom iodide. 
It IS used for the isolation and estimation of 
qninidine, being rery sparingly soluble u cold 
water (I in about 1,250) and also m alcohol or 
boiLng water. 

The flealrol tartrote, B, C|H,0|,H,0, dis- 
solrrs in about 40 parts of water, the oetd tartrute 
B C.H,0,.3H,0 (ni p 100®) m 400 parts. 

^tnidine Mtlktodtdt, 

CH,0 C,H,N CH(OH) C,H„N(CH,I) CH CH,. 

is formed from the components in the cold, or 
more readily on boiling ui alcoholic solution in 
the dark. It crystallises in colourless needles 
with 1 H,0, and is readily soluble in alcohol or 
boiling water, but spanngly ao in cold water. 
The anhydrous methiodide has m.p. 248® (Clans, 
Annalen, 1892, 269, 232). The anhydrous 
tlhiodide is similar and has the same m.p. The 
dlmeAUdidf, 

CH,0-C,H,N(CH,I}.CH(OH)-C,H„N(CH,I)-CH-CM, 

rtyslalkae* in yellow thorabie plate* with 
l-SHjO, m p. 156*. It IS more readily soluble 
in water, but less readily ao in alcohol than the 
monomcthiodide. 

Aceljftqutnidme, 

CHjO-CjHjN^HtO-CO-CHjJ-CjHjjN-CH-CH. 

is formed on warming quuudine with acetic 
anhydride at C0®-S0®. It is an amorphons 
powder readily soluble m ether (Hesse, Annalen. 
1860, 205. 318). 


ALKALOIDS. 

a-CUcrohydroquinidinf, 

CH,0— C,HjN— CH(OH)— C,HnN-CHa-CH,. 
is isolated as the dihydrobromide from ths 
products of the reaction of concentrated hydro, 
chlone acid and qninidine (Goodson, J.C.S. 
1935. 1097). The base crystallises in needles 
with 2H|0 &om 70% alcohol. The anhydrous 
base has m p. 206®, decamp. 225®, [a]J,‘ +2763° 
(c=0-5 m JT-HCI). The dihydrohromidc has 
m p. 253®, [bJp +200® in water. 

The mother liquors from the crude dihydro- 
bromide contain af-ddorohydraiptinidlnt, isolated 
as the neutral tartrate. The base crystallises 
from dilute alcohol in needles with 3H,0. 
The anhydrous base has m p. 200®, decamp. 229®, 
W?+240-r(c=()-6inAr.HCI). Thctartrate, 
B, C,H,0,,11H,0, crystallises from 30% 
alcohol, and when dried smters at 152® and froths 
at 196® (Goodsom l.e-)- 

todahydraquinidxnt, better iododihydroqniiii- 
dme (hydroiodoquiiudme), 

CHjO— C»H^N— CHfOHJ— C,HjjN— CHI— CH,. 
The dihydriodide, B2HI (known in tbe early 
literature as “ tnhydnodoqiunidine ") is formed 
when quinidine is wanned with hydriodie aad 
(Schnbert and Skranp), Monatsh. 1801, 12, 
669; Lippmann and Fleissner, tbtd. 1802, 13. 
433), and has m p. 230®. The base hbersted by 
means of ammonia crystallisee from alcohol m 
pnsms. and has m.p. 205®-206*. 
o-isoQuiRidine, 

CH,0— C,H»N— CH(0)— C,H„N-CH-CH„ 

is formed when quliudine is warmed with itroag 
bydrobromie or bydrochJone aeid for 50 hours, 
and tbe product boded with alcohoLe potash 
(Domadski and Susxko, Boll. Acad. Polonaise, 
A. 1933, 119). It separates from aqueous 
acetone with iH|0 and mclta at about 60*. 
Tbe sinhydrous base (from dry acetone) melts at 
133® and has [a]i> -hill® in alcohol. It gtres 
the fluorcscrnco and thalleioquin tests, and on 
beating with sulphuric acid ^tcs rise to P iso- 
quinidine. Tbe hydrochloride has m p. 224*. 

^-isoQvinidine, Moopoquinidine isocupre- 
idinc) methyl ether, is a stereoisomende of the 
preceding substance, and is formed when quini- 
dme. o-MO- or y-isoqiuiudine is heated with 
moderately concentrated sulphuric add or by 
metbylatmg ssoopoqninldine {P isocnpreidioe) 
(rfannJ. Monatah. 1911, 32, 241 ; Panetb, 
ibul, 257; KonopnickJ and Susxko, BalL Acad. 
Polonaise, A. 1929, 340; Henry, Solomon and 
Cibbe, J.C.S. 1935, 966). It crystallises from 
moist ether or from dilute alcohol with 3H|0. 
m.p. 72®. The anhydrous base has m.p. 142°. 
Io}d -9 7® in alcohol, or +29® in 0 -!X-H,SOt. 
The neutral evJphale, B("H,S 04 . 7 H, 0 . hss 
[ojp — 47-1* in water (when dehydrated) (Henry 
c4 of ), or -35 5® (as hydrate) PfannI). 

y-Bo^inUine is a stercoisomerido of the two 
pmceding substances, and is formed along 
« isoquinidine and with niqnidine when qniiu<^« 
ts warmed with strong bydrobromie or hydi^ 
chloric add for 50 hours, and the product loiM 
with alcoholic potash (Doroaftski and Su^o, 
Hec. trsT. chim. 1935. 54. 481). It cryiUHiscs 



CINCnOXA ALKALOIDS. 


171 


from nqurous nccfonc ^ith 2HjO, m p. about 
70''. The anhjdrous base, •«hich cannot be 
crystallised, baa [a]j, +51-1° in alcohol. The 
acid nitrate has m.p. 190° and the hydnodide, 
m.p. 180°-183°. 

ilcthyh^oquinidinc, 

CHjO— CjHjN— CH(OH)— C,H,oN> C.= CH— CHj. 
an ifiomcride of the preceding three substances, 
is formed together with ^-uoquinidino w hen quin»- 
dme IS heated uith 60% sulphuric acid, or by 
incthj luting apoquinidine (Henry, Solomon and 
Gibbs, J.CS. 1933, 906). It separates from 
ether or alcohol in anhydrous cty stals, m.p. 185°, 
[a]5f +278° in OlA'-HjSOj, or +193 2° in 
akohol. From aqueous acetone it crystalbscs 
Aiith 1 JHjO,m p about90°. The hydrochloride 
B'HCI,HjO, crystallises from water or alcohol , 
the anhy d'rous salt has m.p. 207°, [aln + 174 7° 
in aattr. The geometrical isomerido of this 
substance, ncoisojiiinidinc, crystallises from 
ether \utli 2H2O ; it has m p. 83°, and [a]p 
•bl98C° in dll. HjSO^ or +98 7° in alcohol 
(Henry, Solomon and Gibbs, ibid 1937, 690). 

Niqtiidinc (Uomaiiski and Siiszlo, Bull. Acad. 
I’olonnise, A. 1935, 467) is claimed to be 
isomeric uitli qiiinidinc, and to have the partial 
structure 

CHjO— CjHsN— CH(OH)— CH CH„ 

in which the quinuchdiiio bridge has undergone 
rupture. It is also claimed to be an analogue of 
niquino (sec under Quinine) the composition of 
which IS still in dispute Kiquidine occurs along 
with o- and y-isoquinidino when the halogcno- 
hi droquinidmcs arc dchalogcnatcd w ith alcoliohc 
potash. It crystallises from acetone, m.p. 101°, 
la]j, +171° in alcohol. The acid oxalate has 
ni |). 200°-207° and the dihydrobromide, ni.p 
260°. It has a secondary nitrogen atom and 
forms N -acetyl and diacetyl dcri\nti\cs. 

npo(?Hfai(/i7ie, 

HO— C,HjN— CHCOH)— C(H,oN-C:; CH— CHj, 

IS one of the phenolic products formed when 
qumidino is demethylatcd with boiling 00% 
sulphuric acid (Henry, Solomon and Gibbs, 
J.C S. 1935, 900). It is soluble in sodium 
hydroxide solution, from which it is precipitated 
again by carbon dioxide. It cristalliscs from 
alcohol with lEtOH (m p. I 72°) or from 
acetone with IMe.CO (m p. 178°-1S0°), 
and these can only be remoicd at 1.50°- 
100°. qiie nnlixdroiis base has m p. 185°-190 
and [c.}„ +291-4° in dil H.SOj or +208 0° 
in alcohol (figures calc for anhydrous base from 
imasurciiicnts on the alcoholatc). The hydro- 
chloride, B-HCl, which IS y cllow in aqueous 
solution, crystallises from alcohol with lEtOH 
(nip. 1SJ'-1S.5°) which is replaced by 2HjO 
on cxtiosurc to nir (m p 235°), but which is not 
‘xpcllcd on drying at 120’. The dibydrafc of 
this salt is also obtained by crysinllisalioii 
from wntir : 1 HjO is rtadily expelled at 120°, 
the other is more tenaciously retained. The 
pcoinctrical i--omcridcof this substance, ncoapo- 
Vnini+jif, crystnllifcs from ether or alcohol, 
rap. 200°, lo]„ +200-2' in dil. H.SO, or 


+ 120 7° in alcohol (Henry, Solomon, and Gibbs, 
ibid. 1937, 595). 

isoapoQutnidine (^-isocupreidine). 


HO— Cs,HsN— CH(0)— C7 HjiN— CH— CH 3, 


is formed along with apoquinidino when quini- 
dme or p isoqumidine is demethylatcd by boiling 
with 60% sulphuric acid (Henry and Solomon, 
J.C.S. 1934, 1923; Ludwiczak and Suszko, 
Bull. Acad. Polonaise, A, 1935, 65). It is a 
phenohe base soluble in alkali, and on methyla- 
tion affords p-tsoquinidinc. It cry stallises from 
alcohol, has m.p. 245° and [a]p —12 6° in alcohol, 
or +25 6° m 0 lA'-HjSO^. The hydrochlonde 
has m.p. 255° and is yclloav in aqueous solution. 

Apart from apo- and isoapoqmnidino, Ludwic- 
zakowna, Suszko and Zwierzchowski (Rec. 
trav. chim. 1933, 52, 847) find also “ cupreidino ” 
among the products obtained by the demothyla- 
tion of" qumidino ” with boding 60% sulphuric 
acid. The new phenolic base is claimed to bear 
tho same stereo-chemical relation to cupreine 
as qumidino bears to quinine, i.e. that it is the 
phenol corresponding to quinidine, and quinidino 
18 said to bo regenerated from it on methyla- 
tion. Tlio possibility, however, of such de- 
mctliylation without simultaneous isomensation 
has been questioned (Henry and Solomon, 
J.CS. 1034, 1923 ; Thron and Dirscherl, 
Annalcn, 1935, 515, 252), and it has been 
made probable that the Polish workers’ “ cupre- 
idinc ’’ 18 hydrocupreidino denved from tho 
hydroquinino which may bo present to tho 
extent of about 20% in commercial qumidino. 

cpilJiiinWinc, C.oHjjOjN,, is epimerie with 
qumidinc about tfio carbmol (CH-OH) group. 
It occurs naturally and can bo isolated from 
“ qumoidmo ’’ (tho residues from quinine manu- 
facture) (Dirschcrl and Thron, Annalcn, 1935, 
521, 48), but is best obtained by epimerisation of 
quinine or qumidino by bodmg with amyl 
alcoholic potassium liydroxido. There is formed 
a mixture m dy-namio equilibrium of quinine, 
qumidinc, epiquinme, and epiquinidmo. The 
quinine being removed as neutral tartrate, and 
tho quinidmc ns acid tartrate, tho two cpi-bascs 
are isolated ns dihydrochloridcs ; tho ept- 
qumine is then removed ns tho sparingly soluble 
dibcnzoyltartratc. The residual cpiqiimidino 
dibcnzoyllartrate is purified by’ recry stallisation. 
Tho base crystalli=es from ether m ghstening 
leaflets, mp. 113°, +102-4° (C-0SG48 in 

alcohol). It 18 x-cry readily soluble in alcohol, 
but less so in ether. It is more strongly fluores- 
cent than either quimno or quinidmc. Tho 
dibcnzoyllartrate has m.p. 107°, and tho 
dihydrochloridc, m.p. 195°-190° (Rabo and 
others, Annalcn, 1932, 492, 252, 258-201). 

Quinidmc Chloride, 


CHjO— C,HjN— CHCI— C,H„N— CH CHj, 

is prepared by treating dry quinidine hydro- 
chloride m chloroform with phosphorus pentn- 
chlondc (Comstock and Koenigs, Bcr. 188.5, 18, 
1223 ; Babe, Annalcn, 1910, 373, 104). It 
crystallises from ether or a mixture of ether 
and benzene, m.p. 131°-132°, [q]^ +35 25° 
(c— 1-943 in alcohol). It dissoRes readily in 
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Alcohol, benzene or cUoroform fairly sparingly ' 
in dry ether, and rery spanogfy la light 
petroleum. The hydrxhlondt (Ueidelberger 
and Jacobs, J. Amer. Chem. Soc. 1320. 42. 1501) 
cijstalh^es from a mvsture of absolute alcoh^ 
and a little dtj ether m cream-coloured, woolly 
needles, m.p. 190®-20G®, [aj^ -t-47 7® (e=l 017 m 
water). It la rcadil}’ soluble in water or meth}! 
alcohol, less rcadjt3' ao m chloroform and almost 
in»olabla in acetone. 

Dtsoryjuintdtnt, 


CHjO— C,H,N— CH,— CjHjiN— CH=*CH, 


is prepared by reducing a dilute eulphunc acid 
Boltoion of quinidine ^onde aith iron filings 
(Koenigs, Dec ISdo. 28, 8147 ; Rabe, Annalcn, 
1910, 373, 107 , Giemsa and Kalberkann, Ber 
1921, 54, 1200) It separates from ether or 
from aqueous acetone or alcohol with 2HjO, 
m p 80'’-82®, [a]^ for anhydrous base in alcohol 
-I-21I* (llabe) or -fl94* (Gicmsa and llalber- 
kann) It showa an intense violet Quorescence 
m tartaric acid ns well a.s in alcoholir solution 
The hydnthloridt (Heidelbergcr and Jacobs, 
J Amer. Chem. Soc 1920, 42, ICOl) eiyataliises 
from a mixture of alcohol and ether with the 
equiialcntoflH^O. m p \ndif I25*-U5* (dry), 
and (oJo* -f82* in water {dry) The salt is 
readily soluble in water, alcohol, or chloroform, 
fatrlv readily in hot acetone and somewhat also 
in Genxene Dcsoxj quimdine, which closely 
resembles qiunenc (7 1 , under Quinine), is charac- 
terised by the ready eokbdity of ita acid 
tartrate 
Qudenidtne, 


turn, estimation, and detection of quinine, u 
well as of the detection of impurities thcreia. 
the reader is directed to the first three sections of 
this article. 

The quinine of commerce nsuslly contains 
ctnchomdine and hydroquimne as impuntirs. 
These are readily remov^ by recrystalhsation 
of the sulphate, acid sulphate, dihy drobroraidr, 
d camphorsniphonatc, or d-bromocaniphor- 
sulphonste, or by regeneration of the base from 
the penodide known as herapolJiiie [tee licsso, 
Pharm. J. 1884, 15, 860 ; 1885, 16, 358, 81S ; 
1886. 17. 585, Tutm, liid. 1909, 83, 600; 
Emde, Heir. Chim Acta, 1932, 15, 574 ; Buttle, 
Henry, and Trevan, Biochem. J. 1934, 28, 433). 
Hydi^uinine may also be removed by the 
mercuno acetate process of Thron and Dirscherl 
(Aiuialen, 1933,515,252). 

The percentage composition of quinine 
(Cj^HtfON) was first correctly determined by 
Liebig (1838) : the empineal formula 


CHaO— CjHjN— CH(OH)— C,Hj,N-CO,H. 
IS obtained by the oxidation of quimdine ti 
sulphuric acid solution at (f with potassium 
permanganate (I'orst and Bfihringer. Ber. 
1882, 15, 1059) It mstalliscs from hot water 
or from dilute alcohol in leaflets with 244,0, 
m p 240'’-24G° (decomp ), fa]” -t-258* (c««5 of; 
anhydrous substaneo in A'-H^SO^) (Goodron, 
Henry , an<l JIache, Biochetn J 1030,24,881) 
It IS soluble 111 200 parts of cold water, hut more 
rcadiK m hot w aterand very sparingly in alcohol. 
Aa an acid it is soluble m alkalis . it shows the 
thnlleioquin reaction and a blue iluorescenrc in 
dilute sulphuric and solution The and sul. 
phate, B H,SO,.3H|0, cryataUises from dilute 
alcohol. 

epiQuinidlne. — Sft undtr Quimdine. 

Quinine. C,gH.|0,N,. is tlio most important 
of the nnehona alkaluids. It was fi.'st isolated 
by IVlIctier ami Caientou (Ann. Chtm 1820. 15. 
3J8) from the '* cinchomno ” of Gomes (1810), 
a crystalline mixture of alkaloids obtained 
from Vauquehn’a " qmna ” (1809), the latter 
was an amorphous extract of cinchona bark, 
and had been first prepared by Foorrrov in. 
1702. Quinine oecum in all genuine cinchona I 
Lark", and particularly in Calitnyt bark, the 
eullimtcd descendant of which, C Ledymana, 
being inaile to yield as much as 8% of quinine. 
For an account of the oceurrcnec of quinine, 
of the cultivation and commercial hutoiy of 
cmcUoui plantations, of the extraction, prepatv 


C,.H„0,N, 


assigned to it the same year by Beguault was 
not established until 1834, when Strcckrr 
confirmed it by analyses of quisino alkyliodidn 
(Annalcn, 1834 , 91, 135). For the constitotion 
of quinine and other cinchona atkaloidi, r. 
section 5 (p. 137) of this article 
Quinine base is precipitated from aqueous scid 
eolations of its salts at first as a w bite, anby drous 
amorphous powder. To avoid precipitating th« 
frequently sparingly soluble neutral salts 
(particularly, for example, the sulphate . 


2(B H,S04)+2NaOH 

»B,-H,S 04 +Na,S 0 ,+ 2 H, 0 ). 
this operation is best performed by introducing 
the alkaloidal solution T^cry slowly info a larn 
excess of the well stirred solution of the alkak 
When ammonia is used as the prcripitatirg 
agent, the amorphous base gradually turns into 
eryatalhno eflloresccnt tnliydratc, B3H,0. 
_ p. 57®. t HjO IS lost on diying in the air, so 
that the article of commerce is usually B 2H,0; 
theothertwowater molecules aro rvmoicdoicr 
coneentratcil autphuric acid or on drying in an 
oven Tho anhy drous base can also 1» oLtainnl 
by riystaliisation from hot dilute alcohol, boding 
water, or ammorua solution at 100® under 
pressure, or by precipitating a hot solution ofa 
quiiune salt w ith sodium carbonate or bicarbon- 
ate Quinine separates from benreno in cryitab 
of tho composition B.CiH, Anhy drous qumino 
base has m p. 173 5®, (a]„ in alcohol — 1CU3 
(6=2) (Hesse, Annalcn, 1875, 176. 206). or 
—167 5®(e=I 6) (Oudemans, iM. 1870, 182, 41)- 
oe -158 2® (c=m36) (Habe. ilirf. 1910. 373. 
100): [oJb in chloroform — 116®(C“2); («)[>“ 
dilute hydrochloric or aulphiirio and — 27» to 
-273® (c=l 6) (Oudemans). or -2315“ (e-98. 
le an J//40 solution) (Buttle, Henry and 
Trevan, Biochcm. J. 193 1. 28, 430). Ono pirt el 
quintno requicea for solution ncarlv 2.000 {arts cl 
cokl water, but dissohes in al-out LOO*) part* 
boiling water ; tho prcsencti of fi*e<l alkali* 
low era the solubility, but ammonia augments m 
supers.atoratc<l solutions being readily f'^rtneo. 
Qiunino dissohes m less than Its own , 

^eohol ; «i ether its solubiUty dcpcniW great j 
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on the quality of tho Eolvcnt, nnd 'vridcly 
varying figures have been published (1 in 4-5 to 
1 in 114) ; it is more solublo in wet ether than 
in the dry solvent, and, n.s with ammonia, 
readily forms supersaturated solution-s, which 
may account for some of the high solubilities 
recorded. On evaporation, ethereal solutions 
leave a residue consisting of a rcsinoid mass. 
Quinine is ver}- soluble also in ehloroform (1 in 2 
parts), but requires nearly 200 parts of carbon 
tetrachloride. It is fairlysolublcin cthjd acetate, 
sparingly in cold but fairly readily in hot ben- 
rcnc, nnd is almost insoluble in light petroleum 
(b.p. GO') (1 in 5,000 parts). Dilute solutions of 
quinine in dilute sulphuric and other o.vy.acids 
exhibit a blue fluorescence, which is weakened 
nnd may even bo destroyed by tho addition of 
halides, ferrocynnides, or thiosulphates. This 
property enables one part of quinine to be 
detected in several hundred thousand parts of 
vntcr. Tlie thnlloioquin reaction is not quite so 
delicate ; a faintly acid solution of quinine is 
treated with chlorine or bromine water drop by 
drop until there is a slight excess of tho halogen 
(bleaching powder is sometimes used), when on 
addition of an excess of dilute ammonia solu- 
tion, a rich emerald green coloration or pre- 
cipitate is produced. 

Quinine undergoes a variety of chemical re- 
actions ; the products are described in greater 
detail lx;low. On heating with dilute organic 
acids, or on melting certain salts, or on heating 
them in glycerol, quinotoxino (quinicine) is 
formed ; with mineral acids quinine undergoes 
i‘'Omcrisation to iVoquinine, nnd also simul- 
taneous demcthylation, upoquinino nnd other 
phenolic Bubstniiccs being formed. Pota-ssium 
permanganate oxidises it to quitenine, nnd 
chromic ncid to quininio acid and to mero- 
quineno and its o.xidation products (see under 
Cinchonine). On cntalytic hydrogenation it 
gives rise to hydroquininc. 

Quinine Sulphate, B.-HjSOj, crj'stalliscs from 
toiling wafer probably with 8H;0. Being verj’ 
cflloresccnt, however, tho water content is 
difilcult to determine with nccuracy, nnd is often 
given ns 7 nnd 7-5 H.O. Tho latter hydrate is 
oflicial in the “ British Pharmneopoeia," 1932 
(p. 370). Tho salt, tho appearance of which is 
influenced by impurities, forms a light mass of 
ro!cmrlcs.s, odourless, glistening silky needles, of 
intensely bitter taste. They rnpidy effloresce on 
ex jMjsure or on warming nt 50'’ with the formation 
of lustreless crv'stals. B,'HjS 04 , 2 H; 0 , which 
constitutes tho stable form, and is formed also 
from the anhydrous salt on exposure. Tlic 
anhvdrous salt, which can bo obtained bv drving 
nt 100’, has [oId -235° (c--=l in dil. HjSO,) 
(Ttitin, Pharra. d. 1909, 83, C03). The salt with 
7-5 HjO requires for solution nearly SOO parts 
of cold water, but dissolves in 30 parts of boiling 
s'aicr. U is roluble in 05 parts of cold 90^o 
alcohol, less soluble in absolute alcohol, nnd very 
roluble m hot 90% alcohol. It nbo dissolves 
in 30 ('arts of glycerol, but hardly nt all in 
1 tier or chloroform, although in a mixture of 
tie htter with alcohol it is more soluble than 
< ither solvent alone. Quinine sulphate is 
frdatly .-.’toline to litmus, nnd on exposure to 
hsb.t slowly turns yellow. 


Quinine Acid Sulphate (bisulphate), 
B-H,S04,7H,0, 

crystallises from svater in small, colourless, 
transparent or opaque, aci.ular crystals. It is 
odourless, but intensely bitter. The salt is 
efflorescent and light-sensitive. Aqueous solu- 
tions arc fluorescent, and ncid to litmus, but not 
to Congo red. The anhydrous salt has m.p. 160° 
(decomp.) and —211-7° (c=l-06, i.c. an 
-lf/40 solution in water). It is soluble in about 
10 parts of cold water or 20 of alcohol, but is 
much more soluble at lugher temperatures. 
The " tciraiulphale," B-2HjSOj, crystallises 
from water with THjO or from alcohol with 
6H;0. It is very soluble in water, less so in 
alcohol. 

Quinine Hydrochloride, B-HCl,2HjO, forms 
colourless glistening needles, wliich arc efflorcs- 
cent in warm or dry air. The anhydrous salt 
has m.p. 15S°-1G6°, and [a]p —155-8° in 
w-ater, and about the same rotation in alcohol. 
It is remarkable in having a greatly diminished 
rotation in chloroform (—57° in 1%, and only 
—21° in 9% solution). Tho solubility of this 
salt in water is given variously- between 2-5 and 
6% ; it ia very soluble in alcohol, chloro- 
form, or boiling water. The dihydrochloride, 
B-2HCI, forms a white crystallino pow-der, 
m.p. 1S0°-185° (decomp.), very soluble in water, 
less 60 in alcohol. 

Quinine Hydrobromidc, B-HBr, crystallises 
with 1 H.O according to Hesso (Chetn. Zentr. 
1902, ii, 953), but with 2 H 2 O according to tho 
“British Pharmaceutical Codex,” 1934, 8S7. 
It is soluble in 55 parts of cold water, but is 
readily soluble in alcohol, chloroform, or boiling 
w-ater. The dihydrobromide, B-2HBr,3H.O, is 
very soluble in water or alcohol. 

A very largo number of other salts, derivatives 
and preparations of quinine, are known ; only a 
small selection, however, can be given hero 
of those that arc available for use in 
medicine. 

Quinine and Urea Uydrochloridc, 

BHClCO(NH,),-HCl,5HjO, 

is prepared by dissolving a molecular proportion 
of urea (60 parts) in a solution of quinine hydro, 
chloride (400 parts) in 300 parts hydrochloric 
acid (sp.gr. 1-05). The salt hav-ing the above 
composition crystallises out. It has m.p. 72° 
nnd is soluble in one part of water and 
two parts of alcohol. It is ncid to litmus in 
aqueous solution, nnd gives the fluorescence 
nnd thallcioquin reactions characteristic of 
quinine, A similar preparation is quinine nnd 
urethane hydrochloride; usually prepared ns a 
solution for injection ("British Pharmaceutical 
Codc.x,” 1034, pp. SS9, 12S7). 

Quinine Acctylcalicylale, B-CjHjO^, prepared 
by railing alcoholic solutions of the com- 
ponents. is a white crystalline powder, m.p. 
about 160°, soluble in 330 parts of water, or 50 of 
alcohol. 

Quinine Citrate, Bj-CjHjOj.T-SH.O, or 
Bj-C 4H,0;,7H.0, white needles, soluble in 
about l,t.“00 parts of water. 
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Quinine Zfiealiq/ioMiieylaie or binlicylo* ; 
ealieyUte (“ quinisal," “ gniniaan ”), 

B 2(C,H»0,— CjHjO,), 
is prepared by mizisg goiniae acid enlpbatoand 
so^am salicyloaallcylate in aqueous eolation. 
It u deacnbcd as a white roIcrociystaUino powder 
haring only a slightly bitter taste, insoluble in 
water and very soluble in alcohoL 

Quinine Formate (“ guinoform ”), B CHfO^ 
consists of crystals, mp. about 130\ fairly 
soluble m water. 

Quinine GlyeerophoepAate (" kinennne ”), 
B.'CjHjOj-HjPO,,4H,0, £mm guinine hydro 
chlondo and calcium glycerophosphate, occurs 
in crystals, m p. 154°, soluble in 200 parts of 
water. It is bitter. 

Quinine Uifpophosphle, B HjP0,.2H,0, is a 
crystallino or amorphous powder lairly readily 
soluble in water. 

Quinine lodobiemutieU, (Blljjj B 2Ht, » red 
amorphous powder prepared by mixing solu- 
tions of quuune hydrochloride, bismuth chJonde. 
potassium iodide, and hydrochloric acid (Fran- 
cois and Sjgmn, J Pharm Chim. 1925, 2, 59). 

Quinine PkoepKale, B, 2 HjP 04 . 6 Hj 0 , or 
Bj'HjPOiiSHjO, occurs in needles which 
resemble guinmo sulphate both is appearance 
and solubility. 

Quinine Salieylate, BCiHfOj.HjO, from 
guuune sulphate and sooium salicylate m 
aqueous solution. It occurs in white silky 
needles, Tcry sparingly soluble in water 

Quihiiu Tannale u prepared by mixing so)u> 
tions of qaiomo sulphate and tannic ecid in the 
presence of ammonia It is a pale yellow, 
amorphous powder, having an astringent, barely 
bitter taste. It u slightly soluble and only 
slowly absorbed. 

Quinine VaUmJe (valcnanste), 
BCjH„0,H,0. 

consists of colourless, lustrous, pearly crystals, 
or of a white, niicro-crystallme powder, m.p 
about 9<r, slightly soluble in water, and haviiig a 
hitter taste and a faint odour of valcnc end. 

Quinine Carbonate (diquinmc carbonate, " an- 
stochm 

CH,0-C,HjN-CHO-C,Hj,N-CH=CH, 

r 

C-O 

I 

CH,0-C,HjN-CHO-C,H„N-CH=CH, 

is a tasteless, amorphous, insoluble powder, 
m.p. 189% made by treating quinine with 
phosgene in benzene solution. 

Quinine EOiyUarbonaie (“Ilntisb Pharma- 
copfcia,” 1932), 

CH,0-C,H,N-CH(C>-C0-0C,H,)-C,H„N-CH-CH,. 
occurs in white, almost tasteless, needles, m.p. 
about 00% slightly soluble m water. It u 
made by treating quinine with chlorofomuc 
ester (Cl COiCiHs) m benzene solution. 

The following are the principal dcnratiTC*. 
transformation, and degt^ation producta of 
quinine, which at present are only of academic 
interest : 


Acelyt^inine, 

CH,0-C.H5N-CH(0-CO-CH,)^H„N-CH -CH^ 
was first prepared by Hesse (Annalen, 1880,205 
317 ; ef. Peckett and Wright, J.C S 1876. 29 ’ 
657) by warming quinine with acetic anhj dride' 
Other methods have been patented by Vemnigte 
diininfabnken, Zrrnmer S. Co, G m b If 
(GP. 128116/1902, 178172, 178173/1906). 'll 
ciystalliscs from ether in prisms, m p. 103% or 
from light petroleum, m p. 116®-117% has [«]„ 
—54 3* in alcohol, or —114 8® in dilute acid, and 
is readily soluble in alcohol, ether or chloroform 
It IS almost tasteless and can bo hydroly soil Kstk 
to qmiune. 

Densoylqu in 1 tte, 

(O-CO-CjHjl-qH, jN-CH - CH„ 
was first made by Schutzenberger (Annsirn, 
1858, 108, 352; cf. Wunsch, Ann. Chim. 1896, 
(vii], 7, 127) by the action of excess of benzoyl 
chloride on quipino bn the water bath. Other 
methods have been patented by Vercinigte 
Chininfabnken, Zimmer & Co , GmbH 
(GP 128116/1900. 178172. 178173/190.') It 
crystallises from ether, m p 139®, fajp -|-12l 6’ 
in alcohol, and forms a ht/droehlondf, 

B HCl.iHfO. 
which when dry has «n.p 226®. 

Quinine Mtlhiodide, 

CH,0 C,HjN CH(OH) C,H„N(CHjl) CH CH,. 

IS obtained when equimolceulsr proportions 
of the components react m ethereal or aleoholis 
solution m the cold (Claus and hlallnann, 
Ber. 1881. 14. 76 i Hesse, i&id 1895, 28, 1298} 
It cryttalh*ea from water in colourless needles, 
with 1 or 2H,0, mp 233*-236* (detomp), 
is very sparingly soluble m ether or chloroform, 
sparingly m cold water, but readily to in 
alcohol. Tbo dmethodide, 

CH,0 CjHjNtCH,!) CH(OH) C,H,iN(CHjl) CH CH,. 

IS formed from it (also from cupreine and from 
quinine) by boding with an excess of methyl 
iodide in alcoholic solution. It crystallises from 
water in yellow plates with 3H|0, m p about 
160® {dreomp.). 

Quinine LthiodiJt, 

CHjO C,H,N CH(OH) C,H„N (C,H,I) CH CH,. 
oytnhfiilsiir i^oar witAt wig’ll- nh" 

hydrous substance has m p. 2I0®-211® and [«]d 
— 105® in alcohol. It is readily soluble in 
alcohol, but sparingly so in rold water. 

Isomeric Quinine Elhiodide, 

CH,0 C,H,N(C,H,I) CH(OH) C,H„N CH CH,. 
(Sfcraupand xon Norwnll, Monatih. 1891, 15, 47) 

IS obtained as the hydrio<Iidn (m p. 231®, dry) 
by healing quinine hjdrio<lide with ethyl 
i^deiQ alcobobc eohition nt 100® (j-ealed lute). 

It erystallisrs from 50”J> alcohol in needle* with 
3H,0. m p. 93®, and is scry soluble in alcohol, 
but sparingly so m water. 

Quinine Ditlfixorlide, 

CH,0 C,H,N(C,H,I1 CH(OH) C,H„NlC,H,l) CH CH, 
prepared from cither of the two prcccibirg sob- 
stances by boihng with ethyl iodide in 
solution, cry stalli'es with 1H,0. m p 157®-16'"- 
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a-ChloTohydroquinint, better, a-cblorodihydro- 
quinine (component of “ h3*drocliloroquininc ”)^ 
CHjOC,HjN-CH(OH)-C,H„N-CHCI-CHj. 

is prepared eillicr liy leaving quinine hydro- 
chloride to stand in hydrochloric acid (saturated 
at —17°) for several veeks (Comstock and 
Koenigs, Her. 1887, 20, 2517), or by heating with 
the onlinary concentrated acid at 85° in a sealed 
tube (Hesse, Annalen, 1893,276, 125). a-Chloro- 
hydroquinino is isolated from the products 
and purified first ns acid nitrate, and then by 
crj’stallisntion and rccrystallisation of the 
baso from mcthj'l alcohol (Goodson, J.C.S. 
1935, 1095), when it separates in anhydrous 
rhombs, m.p. 210°-215° (decomp.), —251° 
(c=0'5 in N-HCI). Tho acid nitrate 
B-2HN03, has m.p. 212°, and tho tartrate, 
B,-C^HeO,,7HsO, 198° (dry). 

a’-Vhlorohydroquininc is cpimcric with tho 
preceding substance at tho carbon atom which 
carries tho chlorine atom. It is formed along 
with it, tho mixture constituting “ hydro- 
chloroquinino " (Goodson, l.c.). It is found 
in tho mother-liquors from tho methyl alcoholic 
crystallisation of tho bases, whence it is 
isolated ns acid nitrate, tho baso recovered, 
and rccrj’stallised from benzene. It crystal- 
lises with solvent of crystallisation, but on 
exposure to air, tho benzene is replaced by water. 
The anhydrous baso has m.p. 194°, dccomp. 225°, 
and [o]„ -108-1° (c=0-5 in N-HCI). Tho 
acid nitrate, B-2HNO,, has m.p. 223°, and tho 
tartrate, B,-C4H,Oe,2HjO, 228° (dry). 

a-DromoJiydroquinine, a-bromodihydroquin- 
ine, hydrohromoquinino II (component of 
“ hj-drobromoquinino ’’), 


CH 30 C,H 5 NCH{OH)C,Hj,N-CHBr-CH 3 , 
is prepared bj- causing quinine dihj’drobromido 
to react with hydrobromic acid (saturated at 
— 17°) at room temperature for 3 daj-s (Comstock 
and Koenigs, Bor. 1887, 20, 2518), or by heating 
quinine hydrochlorido with 38% hj-drobroraic 
neid in acetic acid at 80° for 2 J hours (Podlowski 
and Suszko, Kec. trav. chim. 1930, 55, 392). 
a-Hromohj'droquinino baso is isolated from tho 
products by crj-stnllisation from ether, and 
purified bj’ rccrj’stallisntion from acetone, when 
it separates in the form of prisms, m.p.lCO °-107° 
(dccomp.),^ [o][, —200° in alcohol-chloroform 
(1 : 2). With alcoholic potash it gives rise to 
niquine (see below). 

a -Ihomohydroquininc (hj-drobromoquininc I), 
cpiraorio with tho preceding substance at tho 
earlron atom wliich carries tho bromine atom 
(I’orllewski and Suszko, l.c.), is formed along 
with it, and is isolated from tho ethereal mother- 
liquors of mixed bromo-bascs b}- rcciystallLsation 
from la-nzenc. It separates with ono molecule 
of solvent of crj’stallisntion, has m.p. 1G0°-102° 
(dccomp.), and [a]p —50° in alcohol-chloroform. 

ith alcoholic jujlash it gives rise to fi-ijoquinino 
(ecc Mote). Its quartemary melno-p-tolucne- 
suJptioaatc crj-stalliscs from water, m.p. I93°- 
191°. ' 

a-Iodohydr^uinine, a-iododihj’droquininc, 
hydroiodoquininc II (component of “ lydro- 
KHioquinine ”), 


CH,0— C,HjN— CH(OH)— C,H„N— CHI— CH„ 


is formed when quinine is heated with hydriodio 
acid (sp.gr. 1-7) on tho water bath for 1 or 2 
hours (Lippmann and Pleissner, Slonatsh. 1891, 
12, 327, and later papers ; Skraup, ibid. 431, and 
later papers). Tho cpimerides formed aro 
isolated as dihydriodides ; tho bases aro then 
liberated, and separated from ono another by 
crystallisation from benzene and from ether 
(Rosenmund and Kittlcr, Arch. Pharm. 1924, 
262, 20; sec also Reyman and Suszko, Bull. 
Acad. Polonaise, A, 1935, 360). a-Iodohydro- 
quinino on heating begins to decompose above 
100°, and the decomposition reaches a ch'max 
at about 150°. The specific rotation is— 128° 
(Rosenmund) or —217° (Reyman and Suszko). 
On boiling in benzene solution, or on treatment 
with alcoholic potash, niquino (see below) is 
formed. 

a-Iodohydroquinine, hydroiodoquininc I, is 
tho cpimorido of tho foregoing compound. 
According to Rosenmund and ifittlcr (l.c.) it 
has tho same melting-point, but [ajp -74-3°. 
According to Reyman and Suszko (l.c.), how- 
ever, it crystallises with ono molecule of benzene 
and molts at 93°, ro-soIidiCcs and then decom- 
poses at 130°-I40° ; it cannot bo freed from 
benzene without decomposition ; tho crystals 
containing benzene have [a]u —18° in alcohol. 
Tho methiodido has m.p. 112°-114°. On boiling 
with benzene, or on treatment with alcoholic 
silver nitrate or potash, a'-iodohydroquinine 
gives rise to )9-isoquinino (see below). 

Tho hydroxy-compound corresponding to tho 
above halogen-derivatives is said to bo formed 
when quinine is treated with cold concentrated 
sulphuric acid, and tho resulting sulphonio acid 
saponified by boding with dilute sulphurio acid 
(Vcrcinigto Chininlabrikcn, Zimmer & Co., 
G.m.b.H., G.P. 152174/1904). 

By treating quinine with tho halogen hydracids 
and with sulphuric acid under more drastic 
conditions, there is obtained a series of halogeno- 
hydroapoquinincs and a hj'droxj-hydroopo- 
quinino respectively', differing from tho pre- 
ceding substances only in having a hydroxyl in 
place of the methoxyl group in tho 0-position of 
tho quinoline nucleus. Tlieso phenols, however, 
have not been so fully- studied. 

a-isoQuininc, isoapoquinino methyl ether 
(component of " preudoquinino ”), 

CHjO— C,HjN— CH(OH)— C,H„N> C.= CH— CHj, 

is formed in small quantity when quinine is 
heated with sulphurio acid (sp.gr. l-OI at 100°) 
(Bottchcr and Horovitz, Monatsh. 1912, 33, 
671), but is probably l)ctter obtained by tho 
mcthylation of woapoquininc. It is isolated 
from tho other products of the reaction ns tho 
tartrate, and is purified by reciystallisation of tho 
base from benzene. It has m.p. 19G'5°, fain 
-246° (c=l in alcohol). 

B-hoQuinine, isoquininc, opoquinino methyl 
ether (comj>oncnt of “ pscudoquinino ”) is tho 
geometrical isomcrido of tho preceding suhstanco. 
It is formed together with a-isoquinine, niquino, 
and other substances when quinine is heated 
with sulphuric acid (sp.gr. 1-61) at 100° (Bottchcr 
and Horovitz, ibid. 676), when tho hnlogcno- 
hydroquinines are dchalogcnated (see, for 
example, Suszko, Bull. .Acad. Polonaise, A, 1925, 
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liO), and when opoqninine is methylated (are. for 
riampJe, IleoTj and Solomon, J.CA I&S8; 

mth Gibbs, i^td. 1935, 96S). Inthe£nttwocsaea 
it 23 formed aa the principal component of the 
prodncta, vhich may contain alM unchanged 
qnmine, a iroqnmine, luqmne, and hydroxy- 
hydroqmnme. It u isolated together irtth the 
quinine and a.woqumine in the ether eoluUe 
fraction ; the quinine and a-iroquimne may be 
remoTed aa the sulphate and tartrate mpec* 
tiTely, the ^-iroqumine bemg then isolated aa 
the oxalate, and purified by Rcrystallisation of 
the base preferably from acetone, but aLo from 
dilate alcohol, ether or benrene It hm* m p. 
169“ f B6ttcher), (ajn —201'" in alcohol (Henry) or 
—192“ (-195“) (fiottcher. Susilo). -295 9“ 
in dilute sulphuric acid. The hydroehlonde 
haa mp. 249'-25I“, (o]d —174“ m vater, and 
the sulphate, m p 220“. 

.ViTUinr, of disputed composition, tbeformnUi 
in question being 

and is formed vhen lodo-. or 

bromob3dr^uiruneisdehalogenated This may 
be effected either by treatment with alcohobc 
potash or alcohobc silver lutrate, or 1^ boiling 
the haiogeno bases m benzene solution Uheo 
using the crude mixture of a- and a" balogeno 
formed by tho treatment of quinine with halogen 
hj'dracids, the dehalogenation gives nse to a mix 
tore of niquine and ^•isoqmainc. It u also said 
to be farmed in minute amount together with 
P isoquiiune, when qmoine u treaty with sol 
phono acid (Giemsa and Oesterlin, Ber 1931, &t. 
(BJ. GO) Xiquine crystallises from botlmg water, 
or dOoto alcohol, with SHjO, n p. sbont 100“. 
It u almost insoluble in moist ether. The water 
u lost in a desiccator and the anhydrous base 
then melts at 146“. and becomes aoiuble in dry 
ether. The anhydrous base has (aip -129“ u 
alcohol It IS generally agreed that mquine 
contains the hydroxyl group of quinine intact , 
but that the quinuclidme nitrogen atom u 
changed from tertiary to secondary, because 
tuqntne forma a diacctyMenvatire, and a N. 
mtroeamine. It reacts addiuvely with bydnodic 
acid.andislargeljrrgeneratedfrom theresulting 
compound by treatment with alcohobc piotaah. a 
■malt amount of '* isoniqume " being also 
formed (Shnnp, Monatsh. 1893, 14, 440; for 
the rcmamingbterature of luquine, eee Lippmann 
and F^ei sutler, ibid. bb& , Itmcnmund and 
Kittler, Arch. Fharm. 1924, 262, 23; Sustko, 
Bull Acad. Polonaise, A, 1925, 129, Iteyman 
and Susxko, ibid. 1935, SCO; PodlewsLi and 
Susxko, Rec. trar. chim. 1936, 392; for 

constitution b)* analogy with cincbonbydnne, 
which will be found under Cinchonme, see also 
references given there). 

apoQuiaine, p irocupreise, 

HO— C,HjN— CH[OH)— C,H„N> C»CK-CH^ 
is the pnncipal cTyrtalline component of the 
amorphous mixture obtained when quinine is 
demethybted or cupreine isomensed with hot 
dilute mineral acids or with alumininm chlonde. 
The amorphous mixture was first obtained by 
Hesse (Annalen, 1660,205, 323) who, taking it to 
bo a single substance, called it ** apoquuune.** 
It is best prepared by boding quinine with €0“^ 
I'dphunc acid (JaRjmski. Ludwiczakdwna, and 


Susxko, Bee. trar. chim. 1933, 52, 641), and can 
be fre^ from its congeners Ly repeated re- 
precipitation, followed by fractional crystallm- 
tioa of the acid sulphate or of the dihydro. 
bromide (Henry and Solomon, J.C.S. 1934. 
1927). opoQuinme, which is persistently amor, 
phons until fairly pure, crystallises from ether, 
alcohol or acetone, in each case with solvect 
of crj stallisation, which is removed with 
difficulty, and not without loss of the crystalline 
state. It froths at 1S4“, and the froth b^mes a 
clear bquid at about 205“; the .anhydrous 
base has [a]” —214 8“ (e=0-775 in alcohol). 
Of -281“ (e=0-7S4 in 0-l.Y.H,SOj). apo. 
Quinine is a phenohe substance, soiuLle lo 
and is precipitated tberefrom Ij 
passage of carbon dioxide. In common with 
other phenolic bases of the cinchona senes, it 
forms neutral salts, which are intense!)- ) cllow 
in aqueous solution, the colour being discharged 
by the addition of acids. It is non fiuorescent, 
and docs not respond to the thallcioquiR test 
A acnes of all) I ethers has been prepared b 
Europe, America, and in Japan, which promise 
to be of similar interest to the corresponding 
ethers of hjdrocupremc {tee Buttle, Henry, 
Solomon, Trevan and Gibte, Biochem. J. 1938 
32, 47). The methyl ether u ^troquimce. 
apoQasnine hydrochloride crystallises from 
water or alcohol, m.p. 272 5% Wj, -163 8* 
in water. The acid tvlphole, when anhydrous, 
has (ajs —223“ m water ; the tuqtiiotalaU 
melts at 225% and the dihydrobromuie, which 
crystaUises from alcohol, o p. 255“, [s}p 
-180-9“ in water, tends to lose HBr by du* 
sociation. 

uospoQuiaine, a-isocupteice, is the gr» 
metneal isomende of opoquinine, which i( 
greatly resembles, and on methylation yields 
ttuoquinine. It is formed together with apo- 
quinine and bydroxyhydroapoquunne when 
quiniDo is demethylated with sulphuric actJ 
(Henry, Solomon and Gibbe, J.C.S. 1935, 967) 
It occurs in the mother.liquors from the and 
•ulphate or dihydrobromide fractionations of 
impure apoquuune. The latter salt, however, 
although the more soluble of the two m alcohol, 
u the lees soluble in water. The base crystallises 
from acetone containing a Ltlie alcohol with the 
equivalent of SH^O, or preferably from methyl 
alcohol. It froths at 190" and hnally dccom- 
poses at 275“. The substance. like a-iroquminc. 
IS remarkable for its high optical rotation, the 
anhydrous base having [o]^ — 261-7“ 

0-775 in alcohol], or — 3&4“m dilute acid. The 
hydroehlonde has m.p. 271* and [ajp —194 5 
in water ; the dthydrobromide has m p. 136“- 
140®, being thereby readily distinguished fron 
apoquinine dihydrobromide, which melts st 
255“. 

Qvinotoxine (qninicine), 

CH,0— C,H,N— CO— CH|— CH,— C,H,N-CH- CH, 

is said to occur in cmehona bark, but is b«t 
prepared from quinine or quuudine, either by 
ceaung their acid sulphates (Pasteur, Comp*, 
rend. 1853, 37, 111; Hesse. Annalen. 1S7-. 
178. 245), or by boding the base* with dilu« 
acetic acid (von JldJer, Kohde and FusseovtgfT, 
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Bcr. 1000, 33, 3228). It Ims also been obtained 
by lic.ating quinine with glycerol at 210° (Hesse, 
Annalcn, 1873, 160, 277). Quinotojcino is a 
yellowish amorphous mass, which becomes an 
oil at about 50° to 60°. It has [a]" 4-44-I° 
{c-2 in chloroform) (Hesse), or +38-7° (Howard 
and Chick, J.S.C.I. 1909, 55). It is almost 

insoluble in water, but readily soluble in alcohol, 
ether or chloroform. It is a strong base which 
absorbs carbon dioxide from the air, and dis- 
solves, when freshly precipitated, in ammonium 
salt solutions, expelling ammonia. It dissolves 
in mineral acids with a yellow colour, but does 
not fluoresce. With chlorine water and ammonia 
it produces the characteristic green coloration 
(thnllcioquin).<3«inotorincAydrocAloridc (B-HCI) 
is recommended for the isolation of the 
toxino ; it has m p. 180°-182°, [0)0 -}-15° 
(average) in water (Hcidclbcrgcr and Jacobs, 
.1. Amcr. Chem. Soc. 1919, 41, 832). The 
nnilral sulphate, cr3’8talliees 

from alcohol in prisms, and dissolves rcadilj’ 
in irater. The ozsls/e, 
often used for the isolation of the to.xino, 
crj'stallises from chloroform or alcohol, and 
is very sparingly soluble in water ; the 
anhydrous salt has m.p. 166°-1C7°, [a]^ -f 24° 
(c'-2 in 1 vol. alcohol and 2 vols. chloroform) 
(l)irscherl and Thron, Annalcn, 19.35, 521, 64). 
Other crj’stalline salts are the hj’driodide, thio- 
cyanate, tartrate, and platinichloride. Quino- 
toxino is a ketonio Bccondarj'-tcrtiary base. 
Its 'p-hromophcmjlhydrazvnc melts at 141°, 
and its N-mcthjd-dcrivativo, identical svith the 
“ mcthylquinino ” of Claus and Mallmann (Bcr. 
1881, 14, 79) and the “ mcthylquinidino ” of 
Claus (Annalcn, 1892, 269, 234), can bo obtained 
cither bj’ direct mcthylation or bj’ boiling 
quinine or quinidino methiodido with aqueous 
alkali (phcnylhj’drazono, m.p. 135°-130°). Quino- 
toxine forms an rVonitroso- derivative with amj'l 
nitrite, and a N-nitroso- derivative (nitrosamino) 
with nitrous acid. 

epiOiiininc, CjgHj40jNj, is epiraerio with 
quinine about the c.arb*inol (CH-OH) group. 
It occurs naturallj', and can bo isolated from 
" quinoidino ” (Dirschcrl and Thron, Annalcn, 
1935, 521, 48), but was first obtained by 
epimerisntion of quinine or quinidino bj’ boiling 
with amyl alcoholio potassium hydroxide when 
there is formed a mixture in d^'namic equilibrium 
of quinine, quinidino, epiquinino and epi- 
quinidine. Tho quinine and quinidinc l)eing 
removed ns neutral and acid tartrate respec- 
tively, tho two cpi-bases arc isolated together ns 
dilndrochloridcs ; tho cpiquinino is then 
fppamted as tho sparingly soluble dibcnzojd- 
tartmlo, which cannot be rccrystalliscd, and 
can only bo purifii-d bj- recovering the base and 
converting back to dil«nzoj’lfartratc. Tho puns 
hrsc is a colourless, viscous oil, [aj^ -b43-3° 
(C'''0 9i94 in alcohol). It is readily’ soluble in 
mo-t organic solvents, and is more strongly’ 
lliiorcsocut in dilute sulphuric acid than the 
parent alkaloids. Its dihydrochloride ervstal- 
hwa from acetone, m.p. 196°, [alp -i-33'3° in 
alcohol, and it.s dibcnzojdtartrate, also from 
acetone, has ni.p. 159° (Itabc cl oh, Annalcn, 
1932. 492, 252.) 

VoL. 111.— 12 
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I Quininane, 

CH3O— CjHsN— CO— C,H,iN— CH = CH,. 
is obtained in low yield by the gentle oxidation 
of quinine or quinidino with chromic acid 
(Rabc and Kuliga, Annnlen, 1909, 364, 346, 
349). It is best prepared indirectly from quino- 
toxino by N-bromination with sodium hypo- 
bromitc, followed by treatment of the N- 
bromotoxinc (m.p. 123°), with sodium cthoxide 
(Rabc, Z. angew. Chem. 1913, i, 543 ; Rabo and 
Kindlcr Bcr. 1918, 51, 466). It separates in 
almost colourless crystals from ether, melts at 
101° (108°), and shows mutarotation, the final 
value at20° being -f 75-5° (c=2 in alcohol) (Rabe, 
Kuliga and MarschaU, Annalen, 1910, 373, 116, 
117). It is readily soluble in most organic 
solvents, but not in water. It dissolves slightly 
in aqueous alkalis with a 5-cllow colour (enolisa- 
tion). The hydrochloride, B-HCI, forms a very 
h3-groscopie pale j-ellow, crystalline powder, 
m.p. 210°-2I2°, [ajp (final value) -{-58-5° 
in alcohol. Quininone forms a glassj’, oxime 
and on reduction in a suitable manner gives rise 
to quinine and quinidine (Robe and Kindlcr, 
I.C.). With amj'l nitrite and sodium cthoxide it 
is split into quininic acid and oximinovinyl- 
quinuclidinc. 

Quinine Chloride, 

CH 30 -C 5 H 5 N-CHCI-C,HjiN-CH = CHj, 
is prepared from anhj'drous quinine hj'dro- 
chloridc, chloroform and phosphorus penta- 
chloride (Comstock and Koenigs, Bcr. 1884, 17, 
1988; Rabo, Annalcn, 1910, 373, 103 ; Giemsa 
and Halberkann, Bcr. 1921, 54, [BJ, 1192). 
It crystallises from benzene, or benzene and 
ether, in magnificent colourless crystals, m.p. 
I51°-152°, [ajp -f60'3° to -f62'G° in alcohol. 
Quinine Iromide (C. F. Bohringer & Soehne, 
G.m.b.H., Rabo, Cohausz and Schccl, G.P. 
592541/1932) has m.p. 154°. 

Desoxyguinine, 

CH3O— C,HjN— CHj— C,H,iN— CH=CH., 

is prepared by reducing a dilute sulphuric acid 
solution of quinine chloride with iron filings at 
room temperature (Koenigs, Ber. 1890, 29, 372 ; 
Rabe, Annalen, 1010, 373, 107 ; Giemsa and 
Halberkann, Bcr. 1921, 54, 1197). It crj’stal- 
liscs from moist ether or from aqueous alcohol 
or acetone in colourless, efilorescent needles, 
B-2H;0, m.p. about 50°. The anhj'drous base, 
which is not rcadilj’ obtained crystalline, has 
m.p. 94° and [ajp about -f 99° in alcohol. It is 
fluorescent in dilute sulphuric acid and shows tho 
thallcioquin reaction. 

Quinene, 

CH30-C3H3N-CH=C=CcHjoN-CH = CH„ 
is prepared bj' boiling quinine or quinidine 
chloride with alcoholic pot-ash (Comstock and 
Koenigs, Bcr. 1884, 17, 19S9 ; 188.5, 18, 1223 ; 
Giemsa and Halberkann, ibid. 1921, 54, 1192). 
It crj'stalliscs from ether, ligroin, or atpicous 
acetone uith 2HjO, m.p. rather indefinite 
between 67° and 90°. The anhj'drous base has 
Wi> -h-Ti'.O” in alcohol. The dihydrochloridc, 
B'2HCI,H;0 (Hcidclbcrgcr and Jacobs, J. 
.Amcr. Chem. Soc. 1920, 42, 1501), crj'sf<illi«C3 
from a mixture of alcohol and ether in lemon- 
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jellotr needles ; the anhydrous salt Las mp. 
180’-1S5°, and Ia]f, +1S4* in water. 

apoOuinene, 4 (0 hydfoxj.3 4-diethjIphenjl)- 
6 bjdroxy.qainohne, 

HO— C.HjN— C,H,(0H)(C»H4), 
(Kenner and Statbam, J C S. 1933, 2f>9), is 
obtained by heating quinene with hjdrobronuc 
acid (sp gr. 1-49) at 180° (Comstock and Koenigs, 
lier. ISSo, 18, 1220 j Koenigs, J pr. Chem 
1900, 61. 41) apoQuinene, which should not be 
confused with apoquininc, crjatalLses from 
aqueous alcohol, m p 248‘'-243'*. 

Qutnina?, 

CH,0-C,HiN-CH(OH)-C,H,iN-CH=0. 
and its acyl (acetyl and benzoyl) derieatiees, 

CH,0— C,H»N— CH(0— CO— R)— C,H.iN-CH = 0, 
are obtained from quinine and from its acyl 
denvatiTcs by the action of ozone tn cold 
chloroform solution. The resulting ozonides 
furnish on hydrolysis formaldehyde, hydrogen 
peroxide and the aldehydie substances in 
<lue8tion. The latter are amorphous Quiiunal 
has [a]]) — 30° in efaloroform, the acetyl denta 
tivehas [a]o — C3 5°, and the benzoyl denrati\e 
+79 4® (Seekles, Ilec trav. ehim 1923,42,69) 

Quiteninp, 

CH,0— C,HjN— CH(OH)— C,H,tN— CO,H 
IS obtained by oxidising a cooled solution of 
quinine m dilute sulphunc acid with potassium 
jicrmangsnatc. It was first prepared byKerner 
in ]fiC9, and has been stuiled by Sbranp 
(Her. 1670, 12, 1101 , Annaloo, 1879. 109, 348; 
Monatah 1889, 10, 40) It crystallises from 
dilute alcohol in prisma with 4H}0. mp. 286° 
{iteomp), [a)o —142 7° (oO I in alcohol of 
ipgr. 0 938] The anhidrous substance has 
faJo -293° (e-6 m X'.H,SO,) (Goodson. 
Ilcnry and Macfic, lliochem J. 1930, 24. SSI) 
It u insoluble ta ether or water, and sparingly 
soluUo in alcohol, aqueous alcohol, or ammonia , 
it is readily soluble in acids or fixed alkalis, but 
from the latter is precipitated again by abrorp- 
tioii of carbon dioxide from the air Quitenine is 
tluorcsccnt both in acid and in aqueous-alcoholic 
solution and responds to the tballeioqum test 
On oxidation with chromic acid it givee rise to 
the same oxidation products (but no mrroqum 
cnc) as result in the like oxidation of quinine 
Ap TtHii Arad f) 

rise to the pbenoLc substance “ quitcnol ” 
(“ cuprcteninc ”) (von Bucher, Monatsb IS93, 
14. &>}). but suffers DO other change. Quitenine 
giics an acetyl deriratiTe, and forms salts both 
with mineral acids and with metals The ethyl 
ester has m p 200°. 

Quininie Acid, C methoxyquinoline-4 car- 
boxylic acid, CHjO— C,H.N— CO,H, is the 
most readily isolated of the oxidation products 
of quinine, quimdinc, their hydro- dcmatires, 
aud many of their dcriratiTrs and degradation 
products. It Las been synthesised by Kabo and 
eo-workers (see section £6, p. 144o). ThefoUow- 
ing properties are mainly from Skraup (.Monatsh 
lbs!, 2, 5S9), It crystallises from dilute hydro 
chlonc and in yillowish prisms, m p. 280°, 
soluble in about 100 parts of boding aleobol, 
almost insoluble in water, ether or benzene, 
it IS readily sutubte in mineral acids (with a 


yellow colour) and in alkalis. Alcoholic solutions 
of the ocid show a blue or Tiolet fluorescence, snd 
It responds, but cot in typical fashion, to the 
tballeioqum test. On demethy lation it gives rise 
to xanthoquininic acid, and on oxidation with 
alkabne permanganate to 2 3 4-pyndinetti- 
carboxyLc acid. It forms a hydrochloride, and 
salts with banum, calcium, copper, and silrcr 
Its methyl ester has m p. 85°, and ethyl ester 69°. 

6 JfeMoryhrpidine, 6 niethoxy+.methylquino- 
Ime, CH.O — C»HjN — CHj, has been obtained 
by the hydrolysis of quinene (Koenigs, I5cr 
1890, 23, 2673 ; Kaufmann, ebid. 1913, 4^ 
1829) and has bwn synthesised from anisidiae 
by I’lctet and Misner (i6nf. 1912, 45. 1602), 
and by Rabe and co workers (i6id 1931, 64, 
2492). It crystallises from boiling water or 
' aqueous alcohol with 1 H|0, has m p 50°-52’, 
b p 213° and forms a piente, m p. 223°, and 
a sulphate insoluble in alcohol. It shows a 
bluo fluorescence m water. On demethy lation 
xnth boiling hydrobromic acid it gives rise to 
p hydroxylepidine. 
epiQuinine — Set under Quinine 
Qtiinoidine is the name originally appbed by 
Serturoer (1828). the discoverer of morphine, 
to the amorphous material extractable from tbs 
mother liquors led after removing quinine frum 
the total aUcaloida of cinchona bark 'Hie name 
quinoidine is still appLed to residues from quinine 
manufacture, but aa this now differ* greatly 
from tbe method used by Sertumer, and as the 
other crystalLno associates of quiuino are now 
aI»o recovered, the material which goes by this 
name to-day differs greatly from Serturner'i 
product. It coDtams a small proportion 
of quinotoxme, but consists largely, as has been 
shown recently, of epiquinine and epiquinidme, 
which may m accompanied W their dibydro* 
denvaUves (Dirscherl and Thron, Annalen, 
1933, 621, 43 ; this paper abo summarises 
the tusloiy of quinoidine). Two views bax e been 
held as to (he ongm of these amorphous bases : 
(a) that they actually occur in tho bark, (6) that 
they onginate by decomposition of the crystal 
line alkaloids during manufacture. Dirscherl 
and Thron are of opinion that the epi bases at 
least pro exist in tbe bark. 

Quinotoxine — See under Quinine, (p. 17 Ck/) 
“Tolaquina.” — See p. 132 

T. A. J/. Jxvd it 
CINCHONAMINE r Cd.ciiona Alki- 
141ID3) (this xd!., p. 152a). 

CINCMONICINE [Ctnehotoxine) r. Civ- 
aiONA Alkaloids (this x’ol , p. 157(f). 

CINCHONIDINE r. Cinciiom Alka- 
loids) (this vol . p. 1526). 

ClNCHONtGINE (^ isoCmcAoniTiO r 
CiwcnovA Alkaloids (this xol., p- ISCc) 
CINCHONILINE (d-isoC»BcAoBinr)c.Cix- 
ciioxA Alkaloids (this xol , p. 1SC6). 

CINCHONINAL r. Civchona Alkaloids 
( this vol , p 15S<f) 

CINCHONINE t. CiNaioNA Alkaloids 
( this vol, p 1&I6) 

CINCHONINONE r. CivciiosA Alka- 
loids (this vol , p. ISSo). _ 

CINCHOPHEN PHENYLCINCHO* 
NINIC ACID 2-pheny lquinoliiic-4 carboxylic 
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CINCHOTENINE v. Ci.vcjio.va Ai.ka- 
(thi‘! vol., p. IfiOa). 

CINCHOTICINE r. Cinciiosa Ai-kaloids 
( llih vol., p. 103c). 

CINCHOTINE, DIHYDROCINCHO- 
NINE {Hydrocuichnninc) v. Cl>'Cl!OSA Alka- 
l.oir)s (fhi ‘1 vol., p. ). 

CINCHOTINE V. CI^•c^o^•A Alkaloids 
( tills vol., p. lOOfi). 

CINCHOTINETOXINE v. Cinchoka 
Alkaloids (tliis vol., p. IGOrf). 

CINCHOTOXINEr. Clnciioka .iIxkaloids 


m.p. lOl-o’-lOG”. Tliis latter acid is converted 
into a-cintnic acid (VI), m.p. 83’-S4°, when 
heated nfc 150° (Rupo, Bor. 1908, 41, 3955; 
Helv. Chim. Acta, 1933, 16, 505 ; 1934, 17, 98). 

Various methods have been suggested for tho 
quantitative e.stimation of cineole. Tlio Uyo 
most sati.ofactory are tho preparation of (i) its 

crj'stalline additive compound, Cj|)Hig 0 ,H 3 P 04 , 

which is formed when it is mixed with syrupy 
phosphoric acid or (ii) its compound with o- 
cresol, CjoH,gO,C 7 HBO, m.p. 55-8° (Cocking, 
Pharm. J. 1920, 105, 81). 


(this vol., p. lOSc). j 

1:4-CINEOLE. 

CMe 

H.C I CH, 

I O I ■ 

H„C ( CH, 

* xl/ 

CCHMe, 

hl-CiiicoIc, CioHjbO, b.p. 172°, d'® 0-9010, 
iip 1-4470, is present in small amount in the 
essential oil from the fniits of Piper Cuhrha, 
grouTi in Mysore (Rao, Shintre and Simonson, 
,T.C.S.I. 1928, 47, 02). It has been shown by 
Austerwcil (Bull. Soc. chim. 1928, [iv], 45, 8G2) 
to bo present also in tho low boiling fractions 
of the oil obtained in tho manufacture of 
a-tcrpincol. l:4.Cinoolo was first prepared by 
IVallaoh (Annalen, 1907, 358, 204; 1912, 392, 
02) by tho dehydration of trans.tcrpinenc-tcrpin 
with oxalic acid. It can bo obtained in a similar 
manner from eis.tcrpincno-terpin and from 
tcriiin hydrate (Dupont, Ixsvy and Jlarot, Bull. 
Soc. chim. 1933, [iv], 53, 393). With hydrogen 
chloride l:4-cincolo yields terpineno dihydro- 
chloride. J. L. S. 

1:8.CINEOLE. 


H 


CMe 

.C CH, 


H,C CH, 
■ 


CH 


O 


Mc,C- 


The oxide, liS-ctncoIc, C,(,H],0, known also 
ns eiiralyiitol and cajuputol, m.p. 3% b.p. 174-4°/ 
700 mm., d*-' 0-930, tip 1-I5S39, is one of tho 
molt widely distributed of essential oil con- 
stituents. It occurs, inter alia, in many 
eiir.alyptus oils, in Oh’um cinn (oil of -viorm.secd) 
from Artrmesia viaritima, and in oil of enjuput 
from Melaleuca minor. It finds considerable 
U'C in pharmacy. 

Cineole (1) can l)o obtained by the dehydration 
oft, rpin (II), whilst on treatment vith hydrogen 
chloride it yields dipcnlene dihylrochloride (111), 
reactions vhieh establish its structun'. Cineole 
i-s extremely stable and distils unchanged over 
fodium. On oxidation uith -fKit.issjuui jx-r- 
manganato it gives cineolic acid (IV), m.p. 2ll4°- 
2(>G° (Wallach, Annalen. 1888. 246, 2G8 ; 1S90, 
258, 319 ; 1892, 271, 20), which when heated 
with Water at 150° gircs cinog'nic acid (V), 
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CINNABAR. Native mereury sulphide, 
(HgS), and tho only ore of this 'metal. Its 
crystals arc rhombohcdral, with perfect cleav- 
ages parallel to tho faces of the hexagonal 
prism ; they are of interest crystallographically 
in presenting the same ‘typo of trapezohcdral 
symmetry as quartz, and, like this, they rotate 
the plane of plane-polarised light. They are 
bright-red in colour, often transparent, and' have 
a brilliant adamantine to sub-metallic lustre ; 
the scarlet streak is characteristic. >Sp.gr. 
S-I ; hanlncss. 2-2}. Tho refractive indices 
are high : for the ordinnrj- ray 2-SI429, and for 
the extmordinarj- ray 3'-14344 for red liaht 
(A 672 rrifi) ; aiKl He 3-271SS for sodium-Iicht at 
2VC. (II. Ro=c, Centr. -Min. 1912, 527). The 
rotatory power is a!«o very high (over 2.5 times 
that of quartz) : for a thickness of 1 mm. 
the angle of rotation is .5."5° for .sodium-light at 
IS-G'C. (H. Itose, N. J.ahrb. Min. 1900, 29, 94). 
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ONKiiBAR. 


The nn<3i\c ore, which may be eonpact 
earthy in testurc, is of the wme coiour ; but 
someiimes jt is Jirer-browB or bhcL, to 

the admixture of clay or orgooic natter, aa 
m tlie Tnncties called respcctieely ht^ie 
ciny\al<tr and coral-ore (German, KorallentTz), 
Cinnabar Is xery sporadic in its distribution, 
and no mineral containing mercury has yet 
I'ecn found m the British Isles. It is miited at 
Almailon in Spam : ^lontu Amiata in Tuacany; 
Idria m Cnmiula ; Kew Almaden in California ; 
in the pronneea of Kwei-chou and Hunan, ii 
central China j and in SIcxico and Peru. 

J/riac*nRiihnn/< is the tctrahedrabcubie modifi- 
cation of HgS, of rare occurrence as small black 
crystals Cinnabar end two other ciyatalluie 
modific.ations of rncrcurie sulphide have been 
obtained artificially by E. T Allen end J. L. 
Crenshaw (11)13) Cinnabar is the elable form 
at all temperaturea up to its sublimation point, 
about 5S0°. 

L. J. S. 


with rine-copper couple (Thiile, Ber. 1S90. 32, 
12D6) yields the dimeric product hjdrocinna^ 
moin, (Ph-CH CH CH(OH»*, but it may be 
reduced to cinnamyl alcohol with iron and acetic 
acid (Pauly, Schmidt and Bohme, Ber. 102I, 
57, 1327). It IS, however, best reduced by 
catalytic hydrogenation with platinum black; 
this reaction is very sensitive to added impurity 
and by suitably adjusting the conditions either 
cmnamy] alcohol or y-phenj Ipropj 1 alcohol may 
be produced (Tuley and Adams, J. Amer. ^em. 
Soc. 1925, 47, 3061) ; cleetroljtic reduction al«o 
yields y.phenylpropyl alcohol (Shima, item. 
CoU Sci Kyoto, 192!), [A], 12, 69). 

Cinnamaldehjde is estimated in essential oils 
▼olumetrically by means of hjdroxylamine 
hydmeWonde (Bennett and Ilonovan, Aral^sf, 
1932, 47, 14S) or sodium bisulphite (Gildemeister 
and Hoffmann, “ Die fttherischen Ole,” 1928, 
Vol I, p. 743) and gravunetneally with seri). 
osamaaido (Hanul, 2. Kahr. Genussm. 1903, 
6, 817). Ste Aldxuydes. 


CINNAMALDEHYDE. cinnamic aldi- 
hxile, C«HgCHCHCHO, occurs in a 
number of c«scntnl oils, not.xbly in cinnamon 
and cas'ia oils and forma an important article of 
commerce. It is extracted from oi( of cinnamon 
by formation and subsequent decomposition of 
the crystalline sodium bisulphite compound 
(Pcine, Ber ISS4. 17, 3100) and from cassia oil 
by means of the double compound with barium 
tulphand,xte (G P 124330). 

Cininmaldcliyde is most conveniently pre 
pariil svntheticnlly bx adowing a mixture of 10 
parts of licnzaldch.xde, 15 parts of acetaldehyde, 
900 parts of water, and ID parts of 10% sodium 
btdroTiiJcsoJution to stand at 30^ for 8-10 days 
iwith frequent shaking , U is then isolateil b> 
'ether extraction (Pcino, Ber 1884, 17.2117, c/. 
DP. 10001) Two further synthetic methods 
of preparation from <u chloroallylbeuzcne have 
hccii described fUert and Doner, Corapt. rend. 

1930, 191. 333 ; Bert and Annequin, tbuf. 

1931. 192, 1313) which are capable of extension 
to substituted cinnamnldehydea. It u best 
purified by means of the double compound 
with nitric acid (Dumas and P^Iigot. Ann. 
Chim 1831, [ii], 57, 323 , Pfeiffer, Annalen, 
1910, 376. 398) 

It IS a colourless oil with a pleasant cinnamon- 
Iike odour ; m p. — 7 5® ; bp. 552® (decomp J, 
13(r/30 mm. ; dl’ 1 0*07 ; n” 1&195. It 
tlioiild, theoretically, exist m two geometrically 
isomcnc forms, anri IJourguel (HuU Soc. ehim. 
1939, (iv], 45. 1(X57) has desenbed the pure cia 
cora|>ound, bp lll®-113®/10 mm. ; d*® 1032: 

J-363, and its diethyl acrtaL It is Tolalilc 
in steam, practically insoluble In water and 
nibctbl'' in all proportions with alcohol. It may 
l>e characterisexl as its pXenylAydratone, m p. 
16S®, semicarbaronc, m p. 315®, and 2 4-din>fr»> 
pAfnylAyJrazoni', m p. 243®. It forms two 
oxiwcs, eyn., mp 139®, and anil-, m.p. 76*, 
the oncntafion of which has been established by 
Brady and Thomas (J.C.S. 1923, 12], 2098). 

In the air it is oxidised mainly to cinnamic 
aciil (r/. Pound and Pound, J. Physical Chem. 
1934, 88, 1015) whilst more drastic oxidation 
affords ^nzoic and arctic acids. Deduction 


H. N. B. 

CINNAMEIN V. Bslsois, Balssu or 
Peru. 

CINNAMIC ACID. ^.PhenjIacryheacKl, 
CfHjCH CH CO^H. The separation of a 
eohd acid from old specimens of oil of cinnamon 
was first observed in 1780 by Trommsdorf, but 
the acid sras regarded as bcnzoie acid until this 
error was corrected by Bizio m 1 836. Cmnaraio 
acid was first closely investigated by Dumas 
and Pehgot (Annalen, 1835, 14. 50) 

Cinnamic arid is very widely distributed in 
nature, the best known natural sources being 
liquid atoras and tolu and Peru balsams. Itu 
isolated from storax by boding with sodium 
hydroxide, followed by precipitation with 
bydrochloricacid andrccrystallisation (Beildein 
and Kuhlbcrg. Annalen, 1875, 163. 123 ; r/. 
Ton Hdler, Ibid 1877. 188. 190). 

It is formed by heating benzaldcliyde with 
acetyl rblonde at 120®-130® (Bertagnuii, 
Annalen, 1656, 100, 120). This process was 
greatly modified and improxcd by Perkin 
(J C.S. 1877, 31, 388) who heated a mixture of 
benzaldefaydc, acetic anhydride and anhydrous 
sodium acetate ; this reaction, which is known 
as the Perkin reaction, is that generally 
empJoTed in tho laboratory. An improvfd 
procedure is desenbed by Jleyer and Beer 
(Monatsh. 1913, 34, 651) and Bacharach and Bro- 
gan (J. Amer. Chem. Soc. 1928, 50. 3333) haxe 
shown that tho addition of pyndino greatly 
increases tho yield. The cinnamic acid ii-cii in 
tho early processes for the manufacture of 
synthetic iad/go was prepared by this method, 
but Coro (G.P. 17487, 18232) showed that it 
could bo prepared more cheaply by heating 
benzal cMondexrith anhydrous sodium acetate: 

1 part of benzal ehlondc and 2 to 3 parts of 
powdered fused sodium acetate are heated at 
l80*-200" for 10 to 20 hours in an aulocixie 
with tnechanieal elirnng. The melt « mn~ 
with water, made alkaline with caustic sodx 
and atcam-distitled ; the residual solution is 
filtered hot, acidified, and cooled. Tlie pr^ 
cipitsted cinnamic acid is filtered off and 
recryslaUis^ from water or alcohol. 
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CINN.UIIC ALCOHOL. 


Another procos"! of tcchnicfil importance 
in oxidising bcnzjlidcncacctone •with 
fodiurn Inpocldonte or hypobroniitc (G.P. 
21102; Ullminn, “ Enrjklopadie tier tech- 
nisclien Cliemie,” 1921, Vol. lA, p 613 ; Schon- 
giii, Itisagiilmnt?, end Gti»scxa, J. Gen. Cliem. 
Itiiss 1921, 1, COO) 

It mav also bo obtained by condensation of 
bf iiraldclijde «ith malonic acid m the presence 
of ammonia or certain amines (Knoc\ cnagcl. 
Her 189S, 31, 2602 ; G.P. 9773C, 104296). 

Cinnamic acid forms colourless, monoclinic, 
jirisinatic crjstals, m p 133% bp 300“. It is 
soluble in 3, COO parts of viater at 17°, in 4 2 
parts of ethyl alcohol at 20°, in 17 parts of 
(hloroform at 1C°, and is 10101110 in steam. It 
may be tharnctensed ns its amide, m p. 148°, 
j) bromophcnacyl ester, in p 146°, and p-phenyl- 
p/tcnneyl ester, nip 182°. It forms crjslalhne 
salts closely resembling those of benzoic acid. 
Oxidising agents conxert it first into bcnznlde- 
lijde (distinction from benzoic acid) and aftcr- 
xiards into benzoic acid, the final products when 
potassium permanganate is used being phcnyl- 
gl^ ceric acid, bcnzaldtlijdc, and benzoic 
and oxalic acids (Pittig and Rucr, Annalen, 
1892, 268, 27). On fusion with caustic potash it 
Jidda a mixture of benzoate and acetate. It 
iiinj' 1)0 determined by direct titration, by. 
absorption of bromine or bj- oxidation to 
benzoic acid (Nicholls, Analjst, 1928, 53, 
10 ). 

It is now gcncmllj' accepted that cinnamic acid 
exists in four forms (Stobbe, Her, 1911, 44, 
2739): (1) ordinarj’ cinnamic acid, m p. 133°; 
(2) n//ociiinamic acid, ni p. 09°; (3) and (4) two 
Kocmrinmio acids, m.p 42° and 58°, Of these 
(1) IS the Irons, acid and (2), (3), and (4) tri- 
morplisof tlie cm acid, (2) being stable and (3) 
and (1) labile (niilmaiin, Her. 1910, 43, CG8). 
Mejerand Pulvall (Z. phjsikal Clicm. 1929, 145, 
300), how oxer, contliide from work on tho 
bromine addition of tlio xarious forms that 
till' three last arc trulj isomeric and not merclj 
poK niorphic. This xtew is not accepted bj 
Hobmson and .lames (.I.CS 1933, I4.C3) 

Prom phjsical data Lisenlohr and Ilass (Z 
plijsikal. Cliem. 1935, 173, 249) conclude that 
the three ns acids arc some special kind of 
rotational isomers ; this mow is contested bj' 
Mejcr(.6ii/ lOSC), 174, 77). 

In tho poK mcrisation of cinnamic acid the 
following er|iiihbria are set up (Stobbe ct al , 
Hir. 1919, 52. [B], COO , 192';, 58, [B], 1548, 
211.5, 2859; 1920, 59. [B], 2254) ; 

Iona waxes 

a tnixillic acid , Irons cinnamic acid, 

fliort waxes * 

lonffxiaxis 

/) truxmic acid tr:.. . ~ , n"s cinnamic acid, 

rlinrt xxnxxs 

finmniic and inaj’ be reduced to phcnjl- 
propionic acid (iiyironiiimiiiie acid) bj a wide 
range of methods, among wdiieh mav be men- 
tioned cstahtic hxdrogcnstion (Paal and 
Gerxim, Ikr. 1908, 41. 2277; Vaxon. Compt. 


rend. 1909, 149, 999 ; BCcsekcn, Bee. trav. 
chira. 1916, 35, 270, 277, 285), reduction with 
sodium amalgam (xMexejcxx and Erlenmcyor, 
Annalen, 1866, 137, 327) and with formic acid 
in tho presence of palladium hlack (G P. 207306). 
It forms a dtbromide, in p. 201°, xxith bromine in 
a xnnetj" of solvents (.Sudborough and Thomp- 
son, J C S. 1903, 83, 669 ; Eiltig and Binder. 
Annalen, 1879, 195, 140 ; ^Lchael, J. pr. Chom. 
1895, [ii], 52, 292 ; Bcr. 1901, 34, 3064), 
xvhilo addition of hydrogen bromide gives fi- 
broma fi-phcnylproptoiiic acid (Eittig and 
Binder, I c ) other halogen hj dricles bebav ing 
similarly. 

Cinnamic acid condenses with hydrocarbons, 
eg. vxoth benzene and sulphuric acid it forms 
phenylhydrindone (Licbermann and Hart- 
mann, Bcr. 1892, 25, 2124), and with phenols, 
eg. with phenol, it jields hydroxyphenykou- 
marin {idem., ibid. 057). 

Esters . — Stoermer and .Sandoxv (Bcr. 1920, 
53, [B], 1283) have formulated the general rule 
that the esters of cis- forms of substituted 
cinnamic acids have lower boiling points than 
those derived from tho corresponding trans- 
acids. 

Methyl cinnamatc — Crjstniline solid, nip 
30°, b p 263°, 127°/10 mm. 

Ethyl cinnamatc is obt.sincd dirccth' by the 
condensation of bcnzaldohjdo and cthjl 
acetate by means of sodium (Claiscn, Bor. 
1890, 23, 977 ; Posner, J. pr. Clicm. 1910, 
[ii], 82, 435; B.P. 4069, 1890 ; G P. 53071 ; 
Marvel and ICing, Organic Sj’ntlieses, 1929, 
9, 38). It is a colourless liquid, bp. 271°, 
144°/15 mm. 

Substituted Cinnamic Acids. — o-Nifrocirinarnic 
acid was formerly of importance for the inanu- 
facturo of synthetic inibgo. Nitration of tlio 
free acid (MOllcr, Annalen, 1882, 212, 126) or 
of the cthj’l ester (Ericdlandcr, “ Eorlschritto 
der Tcerfarbcnfabnkatior,” 1888, 1, 125) 

Jidda a mixture of tlio o- and p nitrocompounds 
winch arc separated bj- taking advantage of tho 
insolubility of ctfijl y-nitrocinnaimtc in alcohol 
(Drevvsen, Annalen, 1882, 212, 150). o Nitro. 
cinnamic acid exists in two forms. Irons-, 
m p 210°, and cis-, m.p 143°, the former being 
produced by nitration ; simihrlj’ it is trans p- 
nifrocinnamic acid, ni p. 280°, which is formed 
bj' nitration, the cm- acid melting at 143° {see 
Carboxxuo Acids). 

H. N. K. 

CINNAMIC ALCOHOL, Cinnamjl alcohol 
CgHjCHiCH CH.-OH 
(AND ESTERS). Cinnanuo alcohol is a 
svTithctie perfume with a soft hjncinth 
odour, and is u«cd as such and nbo'in tho 
fonn of its esters in inndcnx pcrfiiniirv. 
Pure cinnamic alcohol melts at about 3V. 
but eommercnl samples often contain (rixirs of 
impunties vxhich ktep jt in a liquid condition. 
Bp. 2.')7'’-2.-.S° : 1 0102 ref index, about 

1 580. Cinnanivl acitate, biitjnxte. and cinns- 
mate whuh are used as sjnthctu- jicrtumcs 
have bsKiniic odours, and arc of value in 
impsrtmg sjjccial nondescript odours to coiii- 
ftound perfiimcs 


E. J. P. 



CINNASrON AXD CASSIA. 


CINNAMON and CASSIA. In the 
Uiuted States the teems ciBjiamon and cassia 
are osed alraost mdiscrimmately, although it is 
there recognised that, etricUy epeakiDg, they 
Wong to two entirely separate trees. In Great 
Bnlam they are treated as separate entities 
even in commerce, the price of cinnamon being 
two or three times that of cassia. For 
conrenienco the two spicca are treated 
together. 

Ctnnamon is the dried inner bark of Ctana- 
momvm reyfanicum Neea (Fam. LanraceK), a 
tree which grows to a height of 20 to 30 feet 
and which is native to Ceylon In practice, 
the yonng trees are pruned to produce a atraight 
stem, w^ch is then rut back and shoots are 
allowed to grow out from the atuznp The 
branches are cut when they arc between I and 2 
cm. in diameter , the bark is slit longitudinally 
with two or more cuts and horuontally every 
30 cm., snd removed by copper or brass Lmves 
to prevent discoloration of the tannin The 
strips are made into mats and allowed to 
ferment, after which the outer epidermis and 
the cortex are removed, leaving only the inter, 
mediate layer of the bark The rtarrower 
pieces are then placed inside larger ones and 
the whole curled together to make, when dned, 
the quills of commerre. The outer surface is 
dull and pale yeUowuh-brown m colour, the 
inner surface being light brown and marked 
With fomt longitudinal itnations On the 
outer lurfaro, the longitudinal atriations are 
noro definite, and there are frequent ecars and 
sometimea holes due to leaves The bark is 
Very bnttle and breaks with a splintery fracture 
The odour is fragrant and the taste sa eetisb and 
warmly aromatic. 

Cassia 1$ the dried Lark of Cmnamomum 
Cassia niume(Fam Lauraccajhand less care is 
taken with its cultivation than with genuine 
cinnamon. The outer bark la partly removed by 
sharing, but much of this and the whole of the 
innermost bark are loft in the quiUs, making 
them thicker and stronger than those of cinna 
mon. The colour i-s dark earthy.brown with 
Occasional patches of a greenish colour showing 


where the outer surface of the bark still persists 
The Iracturc is short and granuhr but fibrous 
on the inside. The odour and taste are similar 
to but coarser than those of cinnamon, and the 
taste IS also more stringent and slightly mucila. 
ginous. 

J/icrMcopi'c Sramination of the two barks 
shows many similarities. In true cinnamon the 
scicrenchymatous cells form an uninterrupted 
nog. whereas m ca*sia there is an urunterrupfed 
nng duo to the outer bark, but in the inner 
bark, corresponding to the portion used for 
cinnamon, the scicrenchymatous cells do not 
form a continuous ring. These cork cells of the 
outer bark of cassia are much smaller than 
those of the inner portion. The sclerenchy. 
matoHS cells of the pbelloderm, or inner bark, 
areshghtly elongated tangentially, but thickened 
on the inner walls, this thickening being more 
conspicuous with cassia than with cinnamon 
The number of starch grams is about the same 
in both barks, although cassia starch grams 
are laiger than those of cinnamon The Last 
fibres of both b.srks are large and thick walled, 
being larger in ca*<ia than m iinnamon Most 
of the secretion cells of both barks are 
empty, though some are filled with yellowish 
lolatile oil or re<in Both barks contain 
minute pnsmatic crystals of calcium ox« 
alate 

Both cinnamon and cassia are largely employ ed 
as flavouring materials and also for their ear* 
minative properties Cassia buds are used as 
well as the Wrks for the distillation of the 
essential oils, and the leaves of both trees are 
distilled for their oils, but these latter differ 
considerably from the bark oils. 

CAemieai Ccmposifion — Liverseege (" Adul- 
teration and Analysis of Foods and Drugs," 
1032, p. 427} WintoD, Ogden and Mitchell (22nd 
Ann Rrpoit (^nn. Bxp Sta 16DS, 201), 
C Arragon (Ann. Falsif. 1015, 8, 343), 
and Richardson (U S. Dept of Agric. Div. of 
Chero, Bull. 13, 221) aU record figures for the 
composition of cinnamon and cassia, and since 
these vary considerably they are quoted 
separately in the following table 
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CITUALS. 


1S3 


Tlio prindpnl ronsfitiicnl is the essential 
oil, anil this is probably dctcrniincd most 
fatisfartorily I)y the method of Cocking 
and Middleton (Quart. J. I’harm. 103.5, 8, 
•13.')). llie powdered bark i.s mixed with brine, 
distilled, and the vapours passed through the 
top of a condenser into a graduated tube, into 
wliieh a small cpiantity of turpentine hag been 
previously distilled to make the mixture lighter 
than water, the condensed water itself being 
returned to the distillation flask. An air inlet 
and outlet is provided by a side tube between 
the bottom of the condenser and the gradimted 
tube. Cinnamon bark contains from 0-5 to 
1-0%, and cassia bark from 0-5 to 2-0% of 
r olatilo oil, ns distilled in comracree. 

Htniulardn . — The “ British Phamiaeopmia ’’ 
rer|uires that cinnamon shall contain not more 
than 7% of ash, and acid insoluble ash not 
more than 2%. 

Adnlkralion. — Ca.ssia bark is often supplied 
instead of the tnio cinnamon, whilst other 
speeie.s of cinnamon and cinnamon from the 
true Cinnamomum :cylanicum, but grown 
wild in Soychelles, arc jiasscd off for cither bark. 

T. McL. 

CINNAMON BARK, ESSENTIAL 
OIL OF. The oil distilled from the bark of 
Cinnamomum zri/fnnicum Kccs (Fnm. Laurncca}), 
a small tree indigenotis to and cultivated in 
Ceylon. An inferior oil is produced in the 
b'eychelles, where the tree is cultivated. The 
oil is distilled mainly from the chips and refuse 
bark after the collection of the cinnamon quills 
for the spico trade. Formerly a mixture of 
bark and leaves was used for distillation, but 
the oil thus obtained contains a considerable 
amount of eugcnol and is not suitable for use in 
medicine. The finest oil is produced in limited 
quantities and is an expensive product. 

Con.ililucntf . — The main constituent is cinna- 
mnldehydc. I’iuenc, phellundrenc, and cymcnc 
arx' pre«ent, and traces of mcthyl-a-amyl ketone, 
benraldchyde, nonaldchydc, furfural, linalool, 
and caryophyllcne. 

Chnractcr.i . — pale yellow oil becoming darker 
on keeping, sp.gr. 1-000 to 1-010, opt. rot. 
0’ to -1° at 20’, 1-505 to 1-591. Soluble in 

-1 volumes of 70% alcohol. Cinnamaldchydc 
content, 50 to 05% (“IHtish rharmneoparia ” 
standanl), detennined by the hydroxylaminc 
method. English distilled oiks usually comply 
with these n-quirement.s, but less fragrant oils 
containing up to 7.5% arc found in commerce 
at loner pri(-es. Inferior oils containing ad- 
mixtures of artificial cinnamaldchydc and dis- 
tilled cassia oil arc ofi'ered on the English market. 
It shmdd be notcrl that the cinnamon oil official 
in the " I'nited State.s Pharmneopceia ” is re- 
dislill(-<l cas-ia oil (?.t-.). The .Seychelles oil of 
cinnamon bark contains otdy 20 to 33% of ein- 
nauuddchvdc and is not soluble in 70^o alcohol. 

C. T. B. 

CINNAMON LEAF. ESSENTIAL OIL 
OF. The oil distilled from the leaves of 
Ciiimtnornum zryJanicum Xees (Earn. L.aurace.-e) 
ililTcrs entirely from the oil obtained from 
the bark of the same free (r. Cixxaxion B.xiik. 
I'-ssKMui, t)it. or). It is prt><lured in large 
quantities in Ceylon and abo in the Seychelles. 


It is used in soap perfumery and con.stitutcs a 
valuable source of eugcnol. 

Condilucnls. — Eugcnol, /-a-pincnc, /-phellnn- 
drene, dipentene, bcnzaldehyde, linalol, ter- 
pineol, bomeol, gemniol, safrole, a- .and 
carj-ophyllenc, benzyl benzoate, cinnamalde- 
hyde, cinnamyl alcohol, and traces of other 
alcohols are present. 

Characters. — .Sp.gr. 1-040 to 1-OGO, opt. rot. 
— T to-S’ at 20°, I -530-1-545, phenolic con- 
stituents 70-90%. Soluble in 3 x-olurnes of 70% 
alcohol. The phenolic constituents arc deter- 
mined by adsorption in the cold with aqueous 
5% solution of potassium hydroxide. 

C. T. B. 

CINNAMON-STONEor HESSONITE. 
A gem-x-aricty of garnet of a warm reddish- 
brown colour (hence the name) and transparent. 
It is essentially an orthosilicato of calcium and 
aluminium, Ca^ALSigOj^. containing, however, 
isomorphous replacements of iron, manganese 
and magnesium. Brilh’ant co’stuls are found in 
veins in serpentine at Ala in Piedmont, but 
material of the best gem-quality is found ns 
pebbles in the gem-gravels of Ceylon. 

L. J. S. 

CINOBUFAGIN v. Cardiac Gi-ycosides, 
Toad Poisoks. 

CITOBARYUM. Prepared barium sul- 
phate for use ns a barium meal {Merck, Darm- 
stadt, Napp, London), B.P.C. 193-4. 

CITRALS, THE. 

Citral a. (Geranial.) 

CMe,:CH-CH,-CH,-CMe 

II 

HC-CHO 

CH.:CMe-CH,-CH,-CH„-CMe 

‘ ■ ■ II 

HC-CHO 

Citral b. {Ncral.) 

CMe,-.CH-CH„-CH.,-CMe 

‘ ■ II 

OHC-CH 

CH--.CMe-CH.-CH,-CH.-CMe 

‘II 

OHC-CH 

Citral is the most important natural acyclic 
aldehyde of the terpeno series. It occurs very- 
widcly distributed in nature and it forms the 
main constituent of lemon grass oil (from 
CymhopojonjlexuosusSiapf). It finds w-ido tech- 
nical application both directly in the perfume 
industry and abo indirectly for synthetic 
purposes. The natural aldehy-do is a mi.xture of 
the four aldehydes represented by the formula) 
given at the head of the section. 

Citral a, C,oH„0, b.p. 118-119720 mm., 
d-5 0-SS9S, 1-4S91, is most readily obtained 

from lemon gross oil, of which it forms approxi- 
mately 90% of the aldehyde content, by the 
preparation of its cry-stallinc sodium bisulphite 
compound (Tiemnnn, Ber. 1899, 32. 117; 
Ilibl)crt and Cannon, J. Amcr. Cbom. Soc. 
1924, 48, 119). It yields a setniearbazone, m.p. 
104°. It is obtained also, almost free from 
citral b, by the oxidation of gcraniol (Zeitschel, 
Ber. 1900, 39, 17S7). 
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Cilralb, bp. U7-11S'/120 mm., iF* O-SSSS, 
I-49SI, ftmicarbazont, m p. 171°, is separated 
tram cjtral a by t»kiDg advantage of the more 
ready reaction of the latter with cyanoacctic awd 
(Tietnann,Bcr.l899, 52,120) Iteanbeobtaificd 
aI«o by the oxidation of ncroh Roth aldehydes 
are. when freshly distOled, colourless liquids 
with a characteristic odour ; they oxidise rapidly 
on exposure to the air becoming yellow in colour. 

The structures assigned to the two aldehydes 
follow from their preparation by the oxidation 
of the primary alcohols geraniol and nerol 
On oxidation with silver oxide eitral yields 
pfvoRic acid (Scmmler, Bcr. 1S90, 23, 2963, 
3336), which u obtained also by the conversion 
of citral oxime into gcranionitnle followed by 
hydrolysis (Ticmann and Scmmler, Her 1893, 
26, 2717). On oxidation with potassium 
permanganate followed by chromic acid citral 
yields a mixture of acetone, levulinic and oxabc 
acids (Tiemann and Senmier, Bcr. 1895, 28, 
2133) In acTeement with these results Ifamcs 
(Bcr. 1903. S8. 1933 . 1907, 40, 2S33 ; Annaleo. 
1903, 343, 331 ; ef. Gngnard, Doeuvre and 
^ooufrou. Bull Soc chim. 1934, 35, 933) has 
found that the citral senucarbaroncs, yield on 
oxidation with ozone, formaldehyde, acetone, 
bexuhnaldehyde and probably glyoxah Con 
firmation of the structure assigned to the 
aldehydes u provided also by their degradation 
by allali to methyiMrplinmt’ 

Citral has been prepared synthetically by the 
dutiUation of a mut ure of calcium geranate and 
calcium formate (Tiemann, Ber. 1893, 31. 638). 

Citral can be charsetensed by the preparation 
of a number of dcnvatii ce and since in essential 
oils citral o predominates derivatives of this 
aldehyde are as a rule obtaioed In addition 
to the semicarbazones referred to above, 
suitable denratnes are t-tilrylident cyononcetie 
acid, ra p. 123* , b-eitrylidene ci/anoaettie ocirf, 
m p. M*, and a-ci/roi 8-nonAtAoeincAonie acirf, 
Bi.p. 198-200'. 

On catalytic hydrogenation in the presence of 
colloidal palladium citral yields a mistiue of 
citroncUol and ritronella] (Shita. Ber. 1909, 42. 
1G34) i and with plsUnum blacU a mixture of 
3 G^dimctbyloctane and 2 6 dimethy loctanol is 
formed (Vaion, Ann. Chim. 1914, (ix), 1. 169). 
ahilst mth platinic oxide Adams and Garvey 
(J. Amcr. Chrm. Soc. 1930, 48, 477) obtained 
geraniol, citroncUol, and 2 G^dimetbyloctanol. 

Citral shows a marked tendency to undergo 
cychsatinn passing into pcymcnc in the 
presence of tnuieral acids. If, ‘however, either 
of the i«onicnc citryLdcno cyanoacvtic acids is 
heated with dilute sulphune acid a mixture of 
a* and P cvclocilryitdene ci/anocetiie aetdj is 
obtained, uLch yields on hydrolysis with aliab 
a- and p cytloeitrals (I) and ((I). the latter 
being formed in the larger quantity (Meubcl, 
G.r. 108335 ; Tiemann, Bcr. 1900. 33. 3709) 
llaarmann and llcimer (G.F. 123747] have 
shown that the treatment of the condcnaatios 


product of citral and aniline with concentrated 
sulphuric acid gives a mixture of the eyrie, 
citrals. Blerhng (Ber. 1908, 41. 20(H) has also 
desenbed methods for the preparation of these 
eydic aldehydes. 

CMe, CMe, 

II II 

H.C CMe H.C CMe 

\ ^ \ / 

CH CH, 

I. ir. 

For the separation of e^cyrlocitral, b p. 
l>0-95°/20 mm., ii>* 0-935, scmicartoionc, mp. 
2(Xj°, advantage is taken of the fact that when a 
mixture of the two aldehydes is reduced with 
sodium amalgam ^.cyriocitral is converted into 
high boiling products whilst o-cyrlocitral is 
not attacked. It yields on oxidation a-cyclo- 
^crcrnic eod, mp 103 5°. It condenses uith 
acetone to yield a tonone. p Cyrlocitral, bp 
112-n4°/2a mm, d’*" 09386, n”* 1 4970, 
srmiMrhacone, m p. 166-167°, is obtained free 
from Q^cyr/ocitral by distilhng a mixture of the 
semicarbaxones of the two aldehy des >n steam in 
the presence of phtbabe acid when only P-cytlo- 
citnil semicarbaxone is hydrolysed. On oxida* 
tion It gives a mixture of P cyciogcranic and 
geronic acids. It condenses with scctone to 
pve^ lonone. 

Citnl a condenses with acetone to peM 
a p4evdotcnone, bp. 159-]65°/20 mm, i" 
0 8954, np 15317, semicorioronc, mp 143°, 
whilst from citral 6 p pstvdotonont, bp 146> 
I50°/15 mm , tf” 0-S9S. np 1 53446, sr«i. 
tarbatont, m p. 143-144°, is obtained (TiC' 
mann, Ber. 1893, 31, 2316 ; 1899, 32. 837: 
1900, 33. 833; FriedUnder HI. 8S9 ; GP. 
122466, 127C61, 130457} Hibbcrt andCanoon, 
J. Amer. Chem. Soc. 1024, 46, 119) Analogous 
compound* with other ketones have been 
prepSsred (C.P. 150771). j L.S 

CITRAUBtN. This pigment, which 
separates in red needles from aqueous roelhjl 
alcohol, m p. 144-145°, is one of several ctro- 
tcnoids which pigment the npo orange [Citmt 
ovran(ium). others being kryptoxanthm, zea- 
xanlhin, lutem, carotene, and riolaxsathm 
(Zechmeister and Tuzson, Ber. 1936, 69, [B], 
1879). Citraunn, a polyene aldehyde, exhi^ts 
abeorption maxima at 486 and 457 m;i m carbon 
disulphido , the oxime, ro p. 181-183®, possc^ 
■btiorplion maxima at 594 and 473 m/i m carl^ 

disulphide The structure (I) was proposed for 

citraurin by Karrer and Solnisacn (IIclv. Cbm. 
Acta. 1937, 20, CS3); this has been establish^ 
by Zechmeister and Cholnoky (Annalcn, 1037, 
530. 391) who effected the degradation of 
capsanthm to ritraunn by heating m • 
scaled tube with aqueous alcoholic potasriun 
hydroxide. 


C CH CH CM# CH CH CH CM* CH CH CH CH CM* CH CH CH CM# CHO 
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Cilraurin h al^o obtained by the partial o.tida- 
tion of reaxantbin with potassium permnnpan- 
nto (Knrrer, Solmsscn and Gugclmann, Helv. 
Cbim. Arta, 1937, 20. 1020). 

I. M. H., E. F. P., and F. S. S. 

CITRIC ACIO, CgHgO.. Occurrence . — 
Tliis acid occurs in the free state in the juice of 
many acid fruits such as lemons, currants, cran- 
!>crrics, limes, etc. It is also found free or as 
salts in the seeds and juices of many flowers 
and plants. It is a constituent of wine, milk, 
cheese, and animal tissues and fluids. 

Synthrsu. — TI\c acid can be prepared from 
syw-diehloroarctonc by treatment with hydro- 
cyanic acid and hydrocldorio acid, whereby di- 
cbloroacctonio acid is formed. This is then 
neutralised xrith sodium carbonate and heated 
with potassium cyanide. The resulting solution 
of dicyanoacctonic acid is saturated with hydro- 
gcncblorido and heated on a water bath 
for 15 hours. The citric acid formed can bo 
separated as calcium citrate by neutralising with 
nulk of lime (Grimaux and Adam, Compt. rend. 
18S0, 90, 1252). It has been prepared by the 
action of potassium cyanide and h3’drocldorio 
acid on cthjd accfoncdicarboxylato (Dunsch- 
mann and von I’cchmann, Annalcn, 1801, 261, 
102). Kthvl citrate has been obtained in small 
quant it ics by heating together ethyl bromoacctato 
and ethyl oxalylacetato in the presence of 
riiic (l.nwrencc, Clicin. Soc. Proc. 1897, 13, 65). 

I'hynicnl Propcrlkt . — Citric acid crj’Stallises 
from cold aqueous solutions with 1 mol. of water. 
The crystals belong to the orthorhombic system 
{Groth,ChcmischoKr3'stalIogrnphie,1010,3,475), 
and have a sp.gr. of 1 -OSS. They arc stable in 
air of ordinary humidity but lose water rapidly 
In dry air (.Alarchand, J. pr. Chem. 1812, [i], 23, 
01). On warming slowly they soften at about 
70'’-7ri‘’ with loss of water and finally melt 
completely between 135° and 152° (Buchner and 
Wit ter, Bcr. 1 892, 25, 1 1 00). If the crystals art; 
rapidly heated thoj- melt at about 100°, then 
Bolidifj- as thoj' become anhj-drous, and melt 
shnrpl3' 153° (Mo3'cr, Bcr.' 1903, 36, 3599). 
The acid is obtained nnb3'drou3 93- cooUng its 
hot. concentrated solutions (Buchner and Witter, 
hr. ; Mover, l.c.). The mean transition point at 
wliieh the nnh3-drous and h3-droatcd forms may 
sepamto from solution is 30-3°±0-15° (Bennett 
and \ uill, J.C.S. 193.5, 130), The latter workers 
giro a cr3-stnlIogmpbic dc.scription of the 
anhydrous form of citric acid winch ciystallises 
in the holohcdrnl class of the monoclinio 83-stcm. 
The melting-point of the anhydrous cra-stals is 
given ns 156-157° and the dcnsil3' ns rf^®(vnc.) 
1-Gr)5._ Citric acid is opticall3' inactive. The 
dissociation constant of the first lo'drogen atom 
is 8-2xlO~* at 18° (KolthotT and Bosch, Kec. 
tmv. chim. 1928, 47, .558) and the values for the 
Fcrond and thinl hydrogen atoms arc given ns 
l-77.-<10-* and 3.9.x lO"' rcspectivel3'. The 
ordinary cry.stalliscd acid dissolves in about 
half its weight of boiling water. Aqueous 
folutions have, aeconling to Gcrlach (Z. anal. 
Chem. 1SG9, 8, 295), the sp.gr. at 15° given 
m the table at head of next column. 

A 2.50;, solution Iwils at 101-S°. a .50^^ solution 
at 105 8°. Tlie acid is very soluble rn alcohol 


AcM % 

Sp.cr. 

Add % 

Sp.gr. 

1 

1-0037 

34 

1-1422 

2 

1-0074 

35 

1-1467 

3 

1-0111 

36 

1-1515 

4 

1-0149 

37 

1-1664 

5 

1-0186 

38 

1-1612 

6 

1-0227 

39 

1-1661 

7 

1-0268 

40 

1-1709 

8 

1-0309 

41 

1-1756 

9 

1-0350 

42 

1-1814 

10 

1-0392 

43 

1-1851 

11 

1-0431 

44 

1-1899 

12 

1-0470 

45 

1-1947 

13 

1-0509 

46 

1-1998 

14 

1-0549 

47 

1-2050 

15 

1-0588 

48 

1-2103 

16 

1-0632 

49 

1-2153 

17 

1-0675 

50 

1-2204 

18 

1-0718 

51 

1-2257 

19 

1-0762 

52 

1-2307 

20 

1-0805 

63 

1-2359 

21 

1-0848 

54 

1-2410 

22 

1-0889 

55 

1-2462 

23 

1-0930 

66 

1-2514 

24 

1-0972 

57 

1-2572 

25 

1-1014 

58 

1-2027 

26 

1-1060 

59 

1-2683 

27 

1-1106 

GO 

1-2738 

28 

1-1162 

01 

1-2794 

29 

1-1198 

62 

1-2849 

30 

1-1244 

63 

1-2904 

31 

1-1288 

04 

1-2960 

32 

1-1333 

05 

1-3015 

33 

1-1378 

60 

1-3071 


and modcratcl3’ bo in ether. At 15° the solubility 
ofthc crystallised acid in lOOpnrtsofalcoholisas 
follows : in 80% alcohol 87 p.artfl of the acid ; in 
90% alcohol 52-85 parts ; in 100% alcohol 75-90 
parts (Schiff, Annalcn, 1860, 113, 100 ; 

Bourgoin, Bull. Soc. chim. 1878, [iil, 29, 
244). 

100 parts of anhydrous ether dissolve 9-12 
parts of the cr3-stollised acid (Lippmann, Bcr. 
1679, 12, 1650). 

Comical Properiits . — When heated to 175° 
citric acid is partially converted into aconilic 
acid (Crasso, Annalcn, 1840, 34, 56), the re- 
mainder losing water to form carbon dioxide 
and Bcctoncdicarboxylio acid which immediately 
breaks down to carbon dioxide and acetone. 
Bc3‘ond 175° an oil3'' distillate appears which 
3'iclds crystals of ilaconic acid. At still higher 
temperatures cilraconic anhydride is formed as 
an unciystallisablo oil (rVn"chutz, Bcr. 1880, 
13, 1541). IVhcn citric acid is digested svith 
slightly fuming sulphuric acid (von Pcclimann, 
Ber. 1884, 17, 2542) or oxidised w-ith potassium 
permanganate solution at 35° (Dcnigfrs, Compt. 
rend. 1900, 130, 32) accloncdicarboxylic acid is 
formed- At higher temperatures potassium per- 
manganate solution gives oxalic acid (Phipson. 
J.C.S. 1862, 15, 142). B3' fusion with potassium 
hydroxide oxah’c and acetic acids are formed 
(Liebig, Annalcn, 1838, 28, 158). Citric acid 
is fermented b3- numerous moulds, 3-cast8 and 
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bactcn» (Kayser. Chem. Zentr. 1SD6, 1,583; 
Brae*. J. BioL Chem. 1934. 107. IIOJ. 

Salt$.^^tr)c add is tnbosic and forms three 
classes of salts The salts with the alkali 
metals are readily solahle in water ; the sentnl 
salts of the alkaline earths are only sparingly 
aolcble. The calcium salt, Ca,(C.H|0;>|.4H(0, 
is less aolable in hot than m cold water and can 
be dried at 100® without loss of water of ciyatal- 
lisition. If the moisture content ereceds 
10-12®^ calcium citrate is liable to decompose 
when stored at room temperatures. When 
precipitated in a crystalline atatc its aoinbility 
in water is 1 m 1180 at 14®. and 1 in 1730 
at DO-lOO®. UTien thrown down m an amor- 
phous condition the aolubiLty is greater. \ in 
707 at 18®. and 1 m 1,123 at 100® (Wanngton, 
JCS 1675, 23, 939) Citrio acid readily 
forms stable double citrates and hence the 
hydroxides of many metaU are not prenpilatcd 
by alkalis m the presence of citric acid Feme 
ammonium eilrate, nhich is used for medicinal 
purpose", IS prepared by eraporating a solution 
of feme citrate in ammonia on glass plates, the 
red compounds contain 20 5 to 22 5% Fe, and 
the green 14 to IG®^ Fe 

Acyl Derivatives and Esters.— The aulyt 
denratire of citnc anhydnde is prepared by 
wanning the acid with acetyl clJoride on a 
water bath, {Ussolnng it m lukewarm water and 
keeping an cocuo over concentrated aulphunc 
acid. The colourless syrup soon deposits shuuog 
crystsb of aceloeiine and which are very 
aolublo la water and melt at 13S®-140® (Easter* 
fieldandScU. J C S. 1892,61, lOQS) IfctAylene. 
eifne acid u prepared by heating atnc acid with 
four timea ita «ejgbt of polymeric formaldehyde 
at 140”-1C0®. and allowing the melt to crrstaUiae 
tSteinberg, Chem Zentr 1902,1,290) lliepnr* 
tryslals melt at 208®. Tninrlhyt citrate is ob- 
tained by bubbling hydrogen chloride into a 
mixture of anhydrous citnc acid and absolute 
methyl alcohol for 2 hours, then refluxing for 
C hours, and Anally crystallisiag from water and 
purjfyiig by distillation It melts at 755® 
and boils at 9S®/0 2 mm. (Donaldson, McCleary 
and Degenng, J. Amer. Chem Soc 1934, 56, 
459) In thesamepaperan account isgirenof (be 
preparation of prop'tl, hu/yi, and omjrldonctAyl 
eilrales by the alcohol) sis of tnmetbyl citrate 
in the presence of the corresponding aleubol and 
ji-toluenesulphonic acid as a catalyst 
Detection.— Pure citnc acid is easily recog 
nised by the action of heat. ItCTOlresanacnd 
odour and yields an oily dlstiUato which forms 
crystals of itaconic acid on cooling (Sterens, 
Ind. Eng Chem 1924, 16, 155). A solution of 
calcium chlonde added to a neutral solution of 
citnc acid produces no precipitate in the cold, 
but calcium citrate. Ca,(C|H}07)j.4H^O. is 
thrown out of solution on boilmg \anoiis 
suggested methods for the detection of citnc acid 
in mixtures, depend on the insolubiLty of some of 
its metallic exits euch as the calcium salt (Knnz, 
Analyst, lOOO, 25, 40), the banum salt 
(Broorksmit, J.SC.I. 1920, 39. 173.\), and the 
lead salt (Fresenius and GrOnbut, Analyst, 
1913, 98, 55). Others depend upon the forma, 
tion of acetone»liraiboxjlic%tid, »hirh forma a 
•paringly soIuUc mercunc double salt (Denigis, ' 


Compt. rend. 1900. 130. 32), giies acetone oa 
hoilmg (Taufel and Sehoierer. Z. Unters. 
Lebensm. 1936, 71, 297) and which can be 
concerted into insoluble pcntabromoacetone 
by the action of potassium permanganate and 
facomine (Stahre, Analyst, 1895. 20, 18g). 
Thnnberg (Oiochcm. Z. 1929,206, 109) desenbes 
a meth^ using citrio dehydrogenase from 
cuenmber seeds and the methylene blue 
technique. It is diffieult, however, to obtain 
concordant results by any of these methods. 
Precipitation of the metallic salts fails to 
distinguish citnc acid unless it can bo obtained 
fairly pure and m comparatively brge quantity. 
Owing to the instability of acetonedicatboxybe 
acid even at room temperatures, melbods 
depending on the formation of this compound 
are liable to give erratic results. Thunberg’i 
method is only smtablo for very small quantities 
of citnc acid and requires special technique. 
The various methods have been reviewed by 
Elsdon and I.ecs (Analyst, 1033, 58, 32S) who 
consider that those depending on the fonnslion 
of pentabromoacetone are the mo^t satisfactory. 
They have found that a prebminary extraction 
with ether ineieases the sensitiiity of Kunz'i 
pentabromoacetone test (Analyst, 1916, 41,378) 
and recommend the following procedure : 200 g 
of the substance to be tested are treated with 
50 c c of ether in a atoppered flask for 20 houn. 
The ethereal solution is removed, eisporafcd 
to dryness, and the residua dissolved m 10 ce 
of water. Tbia solution is treated with 1 e e. of 
talphuneaciddil), 0 3 cc of 37 5% potassium 
bromide solution, and I c c. of 6®/o potassium 
permanganate aolulion. The mixture u heated 
(or 6 minutes at 45®. Any trace of manganese 
dioxide IS removed by tbe addition of ferrous 
sulphate solution eontaming aulphunc acid. 
If. after this tTentment, any pmipitato » 
present, citnc acid is indicate. Under these 
conditions 0 1 g. of citnc acid can bo delected 
even in the presence of 100 g of tartnne aeiJ 
and 100 g. of sucrose 

SlANoracTFBE. — For many years the main 
source of citnc acid was the citrus fruits, chiefly 
lemons, pineapples, bergamots and limes, grown 
IS Italy, SicJy, West Indira, California snd 
Asia 5fmor. Since the development of the 
industnal .fermentation processes an increasing 
I quantity has been manufactured "by I'tiese 
! methods 

Lemon, Bergamot and Aime Juiees — Lcroow 
are the pnncipal aource of citnis juice usc<l for 
preparing eitnc acid and they are obtained 
chiefly from lUlr and Sicily. The best ana 
npest fruits arc chosen for export and the rest 
are used for the preparation of juice and 
easential oil. The fruits are cut in half and tbe 
peci, which contains the essential od, u 
separated. The juico is pressed from ^e 
pulp and conveyed to a measuring tank. The 
pulp u often leached once or twice with *‘*5^ 
and pressed again before ducardmg. Tie 
juicea are then alJoweil to undergo a short 
fermentation which precipitates some of to* 
impurities, but involves no appreciable Iom oi 
citnc acid. Tbe juice is teiy difficult to fiwr 
unless this fementatwn takes plare. The 
Gltered Juice is a clear amber-coloured liquid 
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ronlnining n 1 ) 0 \i{ 4% of citric ncid, and it can be 
iiK'd nt once for the jircjiamtion of the acid. 
Tlic juice if, lioncvcr, usually concentrated until 
its pp.pr- i'l T2'i and exported as such, in order to 
avoid the tnrilT imposed by many countries on 
the manufactured acid. Many mantifacturcrs 
prefer to prepare the calcium salt, whicb is Ic.s.s 
costly to pack and transport. Besides free 
citric acid, citrates and certain other acid.s, 
such o-s malic, aeonitic, formic, acetic, propionic 
acids, and tlieir salts are usually present in 
cilnis juicc.s. The acidity docs not, therefore, 
pivc the true content of citric acid. Citric acid 
in such liquors is estimated by a method 
dcseril>ed later, depending on the separation of 
inpoluhlo calcium citrate. About 8% of the 
total acid in concentrated Sicilian lemon juice 
is not prccipitahio as calcium citrate. Con- 
rrnfraled IxTgaroot juice ba.s a similar sji.gr. to 
lemon juice, Init a lower acidity, usually about 
.'12% C,HgO,,HjO. About 1.3% of the total 
organic acid is not precipitablc as calcium 
eitratc. Concentrated lime juice has a sp.gr. 
of about 1'.32 and an acidity of about CG% 
CcHbO-,H« 0. About 10 to 14% is not 
precipitablc as the calcium salt. The following 
table due to Groajean (.T.C.S. 1.38.3, 43, 333) 
gives analyses of commercial samples of con- 
centrated lemon and other juices : 



1 

Dcri‘!Uy| 

j 

,\cUl (reckoned 
.vs citric neld) In 
ot. per gallon. 

Propor- 
tion of 
preclpl- 
tntilo to 
100 of 
free acid. 

Free 

neld. 

Total 

neld 

prceipl-! 

taldc. 

Ix'inon Juice: 

j 

1 

1 

1 


Average of 05 





samples . 

1-241 

02-1 1 

GI-0 

99-2 

•Sample A 

1-240 

05-8 

59-7 

90-7 

Sample B 

1-235 

04-0 

55-7 

85-8 

BergnmolJuice: 





Highest . 

1-235 

47-9 

4S-5 

lOI-l 

liOWest 

1-235 

52-3 

49-9 

95-4 

l.imc Juice : 





Sample A 

1-320 

108-3 

99-8 

92-2 

Sample B 

1-205 

59-2 

53-9 

1 

91-1 


Citric acid is n.sually prepared by way of the 
calcium salt. The juice, if concentrated, is 
diluted with water and run into a vat fitted with 
a steam heater and stirrer. The temperature 
is rai.'.t'd to 00“, and sufllcicnt hydmfod lime of 
high nurity i.s added to ncutmli.se 00% of the 
tot.al acid e.stimated ns citric acid. Chalk is then 
added to neutralise the remaining 10% of the 
total acid, and an cxcc.ss of 7 kg. of chalk for 
every 3,700 litres of juice is nbo added. When 
the o]x'ration is completed a s.amplo should no 
longer efTervesco when more chalk is adilcd. 
The liquid shows a slight acidity of about 0-15 
to 0-2(1% CjH(0.,HjO. Thi.s acidity remains 
however great the excess of chalk. When the 
neutralisation is finished the mixture is lioiled 
for 0 minutes and the precipitated c.alciiim 
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citrate washed with boiling water until the wash 
water has only a faint pale-straw colour. It is 
not advisable to neutralise completely with lime, 
as dark-coloured impuritie.s are thromi doirn 
xvhich aro aftenvards difficult to remove. Both 
the lime and the chalk should bo as pure os 
pos,sibIe, since alumina, magnesia, iron and 
phosphates interfere with the precipitation 
of citric acid, and canse appreciable losses of tho 
acid. At 0 later stage in the process a washing 
of calcium sulphate takes place. This wash is 
used ns a medium in which to suspend tho 
calcium citrate. Tliis mi.xture is slowly run 
into a vat containing sufficient sulphuric acid to 
dccomposo tho citrate and to leave an excess of 
not more than 0-2% sulphuric acid. Tho 
mi.xture is kept agitated and tho temporaturo 
raised to C5-57°. Tho temperature should 
nt no time c.xcced C0“. Tho acidity is roughly 
ganged by adding 6 c.c. of 45% calcium cldorido 
solution to an equal volume of fdtered liquor. 
After jdacing on a steam bath for 5 minutes a 
faint precipitate of calcium sulphate should 
be noticeable. Tho acid liquor is drawn ofl’ 
from tho precipitate of calcium sulphate which 
is then washed free from acid. Tho -wash is 
used ns mentioned above and tho acid liquor is 
concentrated in open pans until it has a density 
of about 20“-25'’Be., and is then filtered from 
tho calcium sulphate which separates during 
tho concentration. Tho concentration is then 
completed in vacuum pans until tho density is 
about 37°-38“B6. Tho liquor is run into a vat 
and kept agitated while cooling. By this 
process, known as granulation, a hcavj’ crop of 
small crystals of citric acid is obtained. Tho 
operation is a delicate one and requires to bo 
done slowly. If the concentration is taken too 
far the result is a viscous liquid which will 
not granulate satisfactorily. The lumps of 
crystnllino citric acid are allowed to drain 
before they undergo a light xvnsh in a centrifuge. 
The mother liquor and tho washings aro con- 
centrated again and a second crop of granulated 
material obtained. Tho process may be repented 
a third time. When tho liquor is too irapuro for 
further ciystallisation it is knomi as “ old 
liquor ” and is returned to the neutralising tanks 
xvhcrc it is treated like fresh juice. 

Tho granulated citric acid is dissolved in 
water nt 75° to give a solution of density 28°Be., 
measured hot. A sample of tho solution is 
filtered and a determination made of the charcoal 
required to dccolourkso the solution and of tho 
quantity of calcium ferrocynnido to pre- 
cipitate any iron and nickel present, 'fho 
determination is carried out ns follows ; to 
several 25 c.c. portions of the clear filtered 
liquid varying amounts of CajFefCNjj.l 2HjO 
arc added together xvith 0-5 g. of decolouring 
charcoal, and the mixtures heated on a steam 
bath for 10 minutes. The solutions arc fdtered 
and a drop of 1% CajFe(CN)(;,12H.O added 
to each. The sample' -which shows "the least 
colour but still has a very faint blue, i,'< u.sed as 
the b,nsia for c.alculating the amount of ferro- 
cynnido to bo added to tho hulk. Usually 
enough ferrocy.anide is added to precipitate 
alrout P0-9.")% of the iron and nickel pre.=ent. 
Tile temperature Ls kept nt 75° during tho 
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ptirifieation process. The filtered liquor is 
CTsporated st low temperstnre nntxl the density 
reaches 35®-3S®Be., measured at 50“. Abont 
2 to 3 hours before this point is reached a sample 
is withdrawn and tested for free enlphune acid, 
which, if present in large excess may appear in 
the finish^ crystals, for this test a sample of 
the filtered Lquor is mixed with an equal r^ume 
of 45% calcium chlonde solution and heated 
OR a water bath. If more than a alight pre- 
cipitate IS formed a sufficient qusntity of hme 
is added to reduce the excess to about 0 2% 
HfSO^ If lead lined vessels have been ns^ 
in the process appreuable amounts of lead may 
be present and can be removed at this stage 
together with any copper, tm and antimony. 
This is done by adding sulphuretted hydrogen 
water. By the end of the operation the 
sulphides will be precipitated and the excess of 
sulphuretted hydrogen boiled off. 

^e liquor is filtered clear and run into the 
crystallising tcbscIs If large crystals are 
required the liquor is kept perfectly still for 
about 3 to 5 days When small crystals are 
required the hquor u kept in constant motion. 
After crystallisation is complete the bqnor is 
drawn ofl* and concentrated again. The process 
of ciTstallisation may be repeated as long as a 
satislactory product results. The cryatais are 
drained, washed m n centrtfuce, and dried at 
room temperature, or in a low-temperature 
stove, before packing. 

J/ani^octur< by ilotJd femearatioa — 
Wehmer(JSCr.U<M.13.2T$i B P.6630. 1893) 
first found that atnc acid could be obtained 
from lugar solutions by means of certain 
moulds. Ko succeasful industrial process was 
developed, boa ever, until Thom and Cuma 
(J. Agnc. Res 1016, 7, t) showed that strains 
I of tbo mould AtpergxRut mgtr produce far 
more atnc acid than Webmer'a original 
Ctlrotnyru. In a subsequent pubLicatioo (5ime 
(J. Biol. Chem. 1917, 31, 15} laid the foundation 
for the rommcreial fermentation process by a 
careful study of the optimum conditions for the 
formation of citnc acid by A*ptrqiUv$ nujtr 

There arc hundreds of strains wi tbm tbespeaes 
Atptrg\llu4 «iyer. differing but slightly m their 
morphological details, but showing wide vana- 
tion m their biochenucal cbaracteristrca 
Different strains show great vanatians in their 
capacity for producing citnc acid IBernbaucT, 
Biochem. Z. 1938, 197. 276). Those are selected 
which give the highest yields of the and and do 
not pr^uce other acids when grown on small 
quantities of suitable medium. Protod'yako- 
nov and Kresbng (Proc. Inst. Set. Res. Food 
Ind. Leningrad, 1935, (1) 3, 3) state that the 
strains which give low yields form notched, 
darkly pigmented conidia and irregular-shaped 
heads, while those ginng high yields form 
smoother beads. The latter are also more 
aetiie in synthesising s.arcb and form leas fat 
in the mycelium (Kresling, i&id. 1935, (I), 3. 
130). The stock cultures must be tub-cultured 
at definite intervals Unices precautions are 
taken tho acid producing capacity of the mould 
is liable to deteriorate. Stark (B.P. 302339) 
claims that the acid producing capacity of the 
stock cultures on gelatine or agar media can be 


maintained if occasional growth cycles are intm. 
dueed. This is accomplished by- sub-culturuig 
on to small quantities of solution siiailat to Ihsv 
nsed m the technical fermentation and next cn to 
fruits nch in vitamins and containing organic 
acids, f g. oranges, lemons, tomatoes, etc. 
}6^1ing and Shtem (Proc. Inst. Sci. P.cs. Food 
Ind. l^nlngrad, 1936, (I), 8, 25) maintain 
activity by oecasionafiy sub cullunng several 
generations of tho mould on media contain- 
ing 0 025 to 0 05 A'-hj drochlorie acid. In 
order to prevent unsuspected eontammatioa of 
the stoek. cultures a method of bactenolozical 
purification must be employed at definite 
intervals. Sucrose, invert sugar, glucose, 
maltose, and other sugars are suitable substrates 
for the fermentation. The best yields of citnc 
acid are obtained, however, with sucrose. 
Cumo considered the following medium to L« 
most favourable for citnc acid fermentation 
with Aspergillus niger: 

g per litre 

Sucrose 125-150 

NH,NOj . 2 0-2 5 

KH,PO, .0 75-10 
MgS0,.7H,0 . 020-025 

HCI <--5 cc of A75 -so1u1iod so 

that the Pq IS 3 4-3 5. 

The presence of metallic ions m the solution 
exercises a powerful influence on the growth of 
the mould and the production of and Stem 
berg (Amer. J Dot. ^19, 6, 330} gives a list of 
17 elemeots, mainly heavy metals, which have 
been found to accelerate the development of 
Aspergillus. Although there baa b«n con. 
eiderable controversy about the stimulating 
action of many of these metals, Steinberg (')• 
Agnc. Res 1936, 52, 439) concludes that iron, 
tine, copper, manganese and molybdenum an 
all necessary for normal growth and that these 
elements cannot replace each other. Tbo 
mould u very sensitive to traces of these metals 
and a strict control must be exercised on 
their presence. Titus Smith (J.S C.I I938, 65, 
217^ atates that tho addition of 0-C00l% 
of manganese to a culturo solution containing 
small amounts of iron, copper and zinc caused a 
large increase m growth of the mycelium of 
Aspergillus nigtr. Individual strains show 
considerable differences as regards the oplimu® 
salt concentration for citnc acid formation 
Vasilev (Biochem. Z. 1935, 278. 22C) hw 
shown that the different strains of mould which 
produeo citric acid react differently from 
oddition of traces of zinc sulphate. The 
optimum nutrient salt concentration has to be 
found for each particular strain used, ami wc 
tbo typo of vessel employed as tho mcdiun 
which gives tho highest yields with small scale 
fermentations is not necesssrily the best ^btn 
nsed on the large scale. Working with glow 
Bemhauer, Duda and Sicbenaugcr (Biocbem ^ 
1031.230, 47C) obtained yields as high as ‘O 3,o 
by wt. calculated on the sugar provided. 
Various difficulties have been enrountf^ 
when tho citnc acid fermentation has be^ 
attempted on a commercial scale, oiven u 
the medium is stenhsed before inoculation it » 
difficult to prevent Infection by bactens. 
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VMBts and other fungi which interfere Bcriously 
with the citric acid fermentation. Certain 
organisms have a particularly unfavourable 
effeet on Aepcrgitlus niger. Yuill (Biochem. 
J. 1034, 28, 222) dcscrilics a Penicillium which 
contaminates Aspergillus niger cultures. Fem- 
hath and Yuill (B.P. 2C6415) add sufficient 
hydrochloric acid to the medium to bring the 
Pj, to about 1-8 at which concentration the 
selected Aspergillus niger can grow to the virtual 
c.vchision of invading organisms so that heat 
sterilisation can bo omitted. A licttcr yield of 
citric acid results when the inversion of sucrose 
takes place graduelly and under the influence of 
tlic mould. The diminished hydrolysis of the 
sucrose and the reduced risk of metallic con- 
tamination of the medium from the reaction 
vessel arc stressed in the above patent as 
advantages of the omission of heat sterilisation. 

The fermentation is usually carried out in 
large, shallow vessels at a temperature of about 
30’ to 32’. The spores of the selected organism 
begin to germinate about hours after they 
have been seeded on the surfaec of the medium 
The mycelium develops deep folds and wrinkles 
which present a very’ largo surface to the culture 
solution. Citric acid rapidly' accumulates as 
soon as the mycelium has developed. The 
whole of the solution is constantly' brought into 
contact with the mould by stirring or other 
means and controlled quantities of air arc 
admitted to the cultures. AfterS to 12d.ay'a the 
solution is ntn off, and the mould pressed and 
leached. Tho liquors arc then treated as above 
for tho preparation of citric acid from citrus 
juicc.s. AVcllsnnd Hcrrick(Ind.Eng.Chem.l!)38, 
30, 255) report a yield of 03% by wt. on tho 
sugar taken. 

Whilst tho highc.st yields arc obtained using 
pure sucrose, citric acid can bo obtained from a 
cheap soitrco of raw material such as molasses, 
tho yield being about 19 i)er cent. Cahn 
(Ind. Fng. Chem. 1935, 27, 201) carries 
out (he fermentation with Aspergillus niger on 
shallow layers of bagasse impregnated with a 
molasses mash. The layers of bagasse arc about 
1 to Ij in. thick and are supported on iron 
screens which form the bottoms of shallow 
trays. .Aeration can thus take place both from 
aljovc and lielow. Tho (rays arc protected from 
the arid by painting with a Bakclitc vaniish. 

The fermentation ocenpics about 30 hours to 
•1 days, and sterilisation of (he mash and its 
protection from infection from foreign organisms 
are stated to l)c unncccssaiy. At the end of the 
fermentation the citric acid is leached from the 
bagasse carrier, which can be used over and over 
again. 

•Mrrnions or Akai.v.sis. — Commereial Citric 
AeiJ . — .Accurately aveigh out 3 g. of the sample, 
dissolve in about 100 c.c. of avater, and titrate 
with .V-sotlium hydroxide using thymol blue 
as indicator. Kacli c.c. of .V-sodium hydroxide 
i« equivalent to 0 07003 g. of C,H,0-,H.O. 
The “British Phnnnacopo’ia," 1932, gives 
the following testa for purity : heat 1 g. of 
the jKuvdcrcd sample in a Imiling water bath with 
10 c.c. of concentrated sulphuric acid for 1 hour; 
nut more than a faint yellow colour is produced 
(absence of tartaric acid and of readily carbonis- 


able substances). Dissolve 2 g. in 20 c.e. of a 
solution containing about 1 0% of N H j and 1 c.c. 
of 10% solution of ealcium chloride, and 
allow to stand for 24 hours ; the solution 
remains clear (limit of oxalic acid). Dissolve 

2 g. in 40 c.c. of water and add 10 c.c. of dilute 
ammonia solution (as above) and 5 drops of 
10% lead-free solution of sodium sulphide ; 
the colour produced is at most only slightly 
deeper than that produced in a similar mixture 
containing in addition 1 c.c. of a 10% solution of 
potassium cyanide (limit of copper and iron). 
Dissolve 2-5 g. in water and add 1 c.c. of 10% 
barium chloride. Stir immediately ivith a glass 
rod and sot aside for 5 minutes. Tho turbidity 
produced is not greater than that produced by 
adding 2-5 c.c. of N/lOO sulphuric acid to a 
similar solution without the sample (limit of 
sulphates). Arsenic can bo conveniently deter- 
mined by tho Gutzeit method and should not bo 
present in quantities greater than 1 part per 
million. Lead is determined by' tbssolving 
in water 7 g. (primary solution) and 2 g. 
(auxiliary' solution) of tho sample; 10 c.c. of 
a solution of lead nitrate containing 0-001% 
of lead are added to tho auxiliary' solution. Each 
solution is made nlkalino with a lead-free 
solution containing 10% of NHj, and then 
1 c.c. of 10% Jead-freo potassium cyanide is 
added. If tho solutions arc turbid they' are 
filtered. The two solutions nro diluted to 50 c.c. 
and 2 drops of a 10% load-free solution of 
sodium sulphide nro added to each and 
thoroughly mixed. If tho tho colour in tho 
primary solution is greater than that in tho 
auxiUary solution the sample contains more 
than tho limit of 20 parts of lead per million. 
The proportion of lead in tho sample can bo 
determined by observing tho quantity of tho 
dilute solution of lend nitrate which must be 
added to tho auxiliary' solution in order that, 
after dilution to 60 c.c., there may bo equal 
colours produced on tho addition of 2 drops of 
tho sodium sulphide solution. On incineration 
the sample should not leave more than 0-05% 
of rc.siduo. 

Citrus Juices and Acid Liquors . — Tho acidity 
is determined by titration using thy'mol blue or 
phcnolphthnlcin ns indicator. Combined organic 
acids are estimated by neutnalising a measured 
quantity of the sainpio with sodium hydroxide, 
evaporating to dryness, and gently igniting. 
77ie ash is dissolved in a known quantify of 
standard acid, boiled and filtered. The cxcc.s 3 
of acid is determined by titration with alkali. 
The alkali added when neutralising tho sample, 
subtracted from the alkalinity of the ash, gives 
the amount of alkali corresponding to the bases 
of tho organic salts. From this figure the amount 
of combined organic acid can bo calculated. 

Citric acid is usually estimated by' AA’arington’s 
method (J.C.S. 1878, 28, 934) or a modification 
thereof. AVarington proceeds a.s follows: 15- 
20 c.c. of unconccntratcd lemon juice, or about 

3 c.c. of concentrated juice, are c.xacfly ncutral- 
Fc<l svith sodium hydroxide. The solution is 
diluted to 50 c.c. and heated to boiling in a 
Kilt or glycerin bath and sufficient calcium 
chloride solution added to precipitate all tho 
organic acid present. Tho whole is boiled 
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for half an hour and the precipitate collected 
on a small filter and ■washed with hot water. 
The filtrate and washings are eonwntrated to 
about 10-15 e c. and the solution neutralised 
With a drop of ammoma if it has become acid. 
The second precipitate thus obtained is coDectcd, 
the filtrate being used to transfer the precipitate 
on to the paper, which is washed with hot water. 
In very nccnrate estimations the concentration 
should bo repeated and any further predpitate 
collected. Ihe precipitates in their papers are 
then burnt at a low heat and the neutralising 
power of the ash determined with standard and 
and alkali. Each c c. of hl-acid corresponds 
to 0070 g. of C 4 H, 07 ,H, 0 . Sometimes 
the first precipitate only is collected and, the 
conditions being standardised, allowance is 
made for the solubflily of the calcium citrate 

Caletum Citrate — Excess of chalk or hme is 
estimated by dissolving 5 g of the sample in 
dilute standard hydrochloric acid in a covered 
I<eaker and then titrating with standard alkab 
Citrate is estimated by gently igniting 2 g of 
the sample and determining the alkalinity of 
the ash with Standard acid and alkali By 
deduetiBg from the alkalinity of the ash that 
due to the chalk previously determined, the 
amount of base which baa to bo calculated as 
citrate is found If other organic salts are 
present the citrate is dissolved in dilute bvdro* 
chlono acid and the citrate estimated by 
Wanngtoa’s method as in the case of citrus 
)ujcee 

JfifX, rriae, etc — Citnc acid occurs only in 
(mall quantities in these substances Milk 
contains about 1 to 4 g , and wine about 0 4 g. 
per litre The methods of estimation are basM 
on the same principles as those mentioned above 
tn the section on “ detection." Tliere are no 
very simple methods of estimation and many of 
those drsenbed la the Ltcrature are aorebaUe 
I.ampitt and Rooko (Analyst, !03d. 61. 654) 
have examined a number of the methods and 
recommend a technique for estimating citnc 
acid with special reference to milk . Their 
mctliod u earned out as foUovrs . to 50 c c. of 
milk serum (I.,ampitt and Bogod, Chim. et Ind 
1932, 28, 777], or other solution eontainiDg 
citnc acid, are added 10 c c. of euiphunc acid 
(1 : 1), if not already added in the preparation of 
the solution, except for pure citnc acid and 
milk serum, 10 c c. of freshly prepared bromine 
water should abo be added, and any preapitatc 
formed from acctonedicarboxyLc acid filtered 
oiF after staoding for half an hour. 5% 
Totaoium permanganate solution u added drop 
by drop from a burette with constant shaking 
Until a brown precipitate persists, 10 c c being 
u«uallyrequiredforO Ig. of citric acid and 25ec 
for a milk serum. Tho mixture u aliened to 
stand at room temperature for 1 hour, further 
potassium permanganate being added if the 
brown precipitate disappears. Sufficient 20% 
ferrous sulphate in 1% sulphuric acid is then 
added slowly until a pale yellow solution 
containing a white precipitate is obtained, 
and the mature is cooled m an ice chest over- 
night. Tho precipitate is removed by filtration 
through a sintered glass CTUcible, the reaction 
Saak being washed out with the filtrate- to 


remove the last traces of precipitate, and 
the washings passed through the crucible. The 
precipitate m the crucible is then washed wjiJ 
10. 10. and 5 e c. of cold wafer. The erueille 
IS dned to constant weight in a vacuum devices- 
tor. The precipitate is dissolved out of the 
crucible with industnal spint, followed by 20, 
10. and 10 c e. portions of ether. The crucible 
is again dried in the vacuum desiccator and 
weighed, the loss in weight being taken as 
pentabromoscetoae. 

Citncacid, C4HjO,=0 424^tfl+^y^^ ), where 
w represents the difference in weight of 
tho crucible before and after treatment with 
industrial spint and ether, V tho oriptuj 
volume of Strata from the reaction mixture 
1 m* the total volame of waehiosa. BwuJti 
show that citric acid up to Oil g nay be 
detennmed in the presence of lactose to withu 
2 mg. 

B.T. 

CITRON. The fruit of Citrus MedicaL. 
Originally' of oriental ongm, citrons are now 
grown m Sonthem Europe and m California 
and Florida. The fleshy-walled fruit u not 
edible in the raw state but u well known u 
'■ candied citron ” The rmd of the eittun 
melon (Cilnllus ni/jana), a vanety of the 
common water-melon, » also prepared m a 
candied form as a substitute for the true 
citron Tbo tougb, bitter-flavoured fmit u 
halved and fermented in brine for 40-50 days, 
during which the bitter flavour is removed sad 
the tissue softened. The salt is then washed 
away and the peel steeped in a senes of lyTups 
of increasing sugar content until tbo maximum 
adsorption of sugar has taken phcc. Sunose 
sytoips tend to give a bard peel, and an admixture 
of 35% of fructoso is common. The con* 
fwition of fresh and candied peel is given hy 
cellera end Smith (J. Agne Res 1030,63,85!)}: 



Fresh 

Caadlcd 

H,0 

880 

la's 


0 44 

0-5 


0 15 

0-18 

Etberextract 

0 32 

0-33 

Crude fibre . . . . i 

1 09 

137 

Total sugars (as invert) 

1 55 

436 ‘ 

Total carbohydrates 

04 


CaO 

009 


P.O. 

0 05 

6W 

K.0 1 

Oil 

002 

Fc. Cu. 1 . . . . 1 

traces 


* Comlstlag of 28 glucose and 11 0% lucroae 

A. 0. To. j 

CITRON. ESSENTIAL OIL OF. 
This oil, also known as oil of redrat, is ex'ii eased 
in Sicily from the peel of the fruit of tho 
Citrus meJiea Linn (Fam. Itutaec»). Three 
vaneties are known as tho eedro, the eedrt®* 
and tho ecdnno. The cedro has a thick ruw 
and hard flesh, tho eeelrono has abundant ediUe 
lleeh, and the cedrmo la a small fruit. 
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Composilion . — ^Tho main con<itituents are 
limoncnc, citral, of ■svliich 5 to 6% ia present, 
nnfl a stearopteno identical with citrapteno 
found in oil of lemon. 

Chararlcrs. — A pale yellow oil, sp.gr. 0-850 
to 0-852, opt. rot. at 20’ +80’-81°, 1-475. 

Citron oil of commerce ia frequently a mixture 
of oil of lemon, oil of orange and oil of bergamot. 

C. T. B. 

CITRONELLA, ESSENTIAL OIL 
OF. The oil obtained by distillation from the 
graaa Cpmbopogon A’ardua Rendle, whieh ia 
grown principally in Ceylon, Burma and the 
.Straits Kcttloments. Two varieties of this grass 
are found in Ceylon. The boat qunUty, knoim 
ns Mnhn Bongiri or Winter’s grass, j-ields an 
oil containing a high percentage of acetylisablo 
conxtituents, 80-90%, and is found in Burma 
and the Straits Settlements. The aeetylisable 
constituents consist of geraniol and citronellal. 
'nie commoner variety, known as Lena Batu, 
yields the ordinary Ceylon oil, which contains 
55 to 05% of acetylisablo constituents, chiefly 
geraniol. Two or three harvests a year can be 
obtained under favourable conditions. 

Confliluenta. — Geraniol, citronellal, camphcnc, 
depentene, limonene, bomeol, ncrol, farncsol, 
methyl heptenono, and an aliphatic sesquiter- 
IK-nc. .lava oil contains, in addition, dicitro- 
nelloxidc, methyl-cugonol and citroncllic acid. 
Chnrnctcri , — Ceylon oil has sp.gr. 0-897 to 

0 912, opt. rot. at 20’ -6’ to -1-1°, ir^ 1-479 to 
l--)85. Total aeetylisable constituents 57 to 
02%. Soluble in 10 volumes of 80% alcohol. 
The best oils (so-called plantation oils) are 
clearly soluble in 3 to 4 volumes of 80% alcohol 
and remain clear with 10 volumes. Inferior 
oils become turbid with 3 to 4 volumes of 80% 
alcohol, clearing somewhat with 10 volumes. 
Such oils may contain 10-1 5% of petroleum. 
The solubility test on which London contracts 
arc based requires that the oil shall bo soluble 
in 10 volumes of 80% alcohol with only slight 
turbidity, and svith separation of oily drops on 
standing 21 hours at 15-5°C. 

,Tava oil has sp.gr. 0-885 to 0-900, opt. rot. 
at 20’ -2° to -5’,’ 71^“ 1-4G8 to 1-473. Total 
acetylifiable constituents not less than 85%. 
diUrmined by the method of the “British 
I’hnrmncopoeia ” for the determination of free 
alcohols in essential oils, but using the formula 

7-707 n 

weight of acetylatcd oil— 0 021n 

'-I’crccntago of aeetylisable constituents, 

where ns^numher of miUilitres of A'/S-alcoholic 
polassiiiin hydroxide solution consumed during 
the saiK>nilic.ation of the acetylatcd oil. 

Content. — The Ceylon oil cont.ains 
only 0-8%! of citronellal and the determination 
is not usually carried out in commercial practice. 

1 or the .lava oil, however, the detcrmin.ation of 
citronellal is of imi>ortancc, and the method 
adojited is as follow.-,: 

^\righ accurately al>out 2 c.c. of the oil in a 
stoppcri-ai tulic and place in a freering mixture. 
Add nlout 10 c.c. of a .V-hydroxa laniinc hydro- 


chloride solution, prepared as below, and cooled 
to— 10’, and titrateimmediatcly with A’-aleoholio 
KOH, adding the alkali slowly, a few drops at a 
time, taking great care to avoid going beyond the 
orange colour. Continue the titration a.s long as 
a red colour develops, then allow to stand at 
laboratory temperature for one hour and com- 
plete the titration to the full yellow colour. Each 
c.c. of A'-alcoholic potash is equivalent to 0-076 
g. of citronellal. 

Preparation of A-IIydroxylaminc Hydro- 
chloride Solution. — Dissolve 0-95 g. of pure 
hydroxylamine hydrochloride in 95 c.c. of pure 
90% (by volume) alcohol; add 10 drops of a 
0-2% solution of pure methyl orange in 60% 
alcohol, and adjust to the full ycUow- colour of tho 
indic4itor with A72-alcoholic potash and make 
up to 100 c.c. w-ith 90% alcohol. 

The percentage usually pre.sent is 30 to 40. 
Both oils are uaerl for soap seenting, and tho 
Java oil is employed as a source of geraniol 
and citronellal. 

C. T. B. 

CITRON ELLAL. The aldehyde, citronellal, 
CjoHjjO, knownalso as rhodinal, although it is 
valued as a perfume, does not occur very- -ividely 
distributed in nature. The dextrorotatory form, 
b.p. 205-206°, 0-855, 1-448, [a]n -f 12-3°, 

is tho main constituent of Ceylonese citronella oil 
from Cymbopogon Nardus, and it is found also 
in certain eucalyptus oils ; tho Jajvorotatory 
aldehyde has been isolated from Javanese 
citronella oil and also from tho oil from Pinus 
JeJJcryi. For identification of the aldehyde tho 
semicarbazonc, m.p. 85°-88°, may be used, but a 
more characteristic derivative is citronellyl-p- 
naphthocinchonic acid, m.p. 225°, prepared by tho 
condensation of tho aldehyde with /3-nnph'thyl- 
amino and pjTuvie acid (Doebner, Ber. 1894, 
27, 2024). For the isolation of citronellal tho 
I compound which it forms with sodium bi- 
sulphite may bo utilised, but care must bo taken 
in its decomposition since tho aldehyde is very 
susceptible to the action of alkalis. 

Tho constitution of citronellal w-as established 
by the e.xtcndcd investigations of Harries and 
his collaborators (Ber. 1901, 34, 2981 ; 1908, 41, 
2187 ; Annalen, 1915, 410, 8) on the oxidation 
of the aldehyde and its dimethyl acetal w-ith 
ozone. They show ed it to be a mixture of tho 
tw-o aldehydes represented by (I) and (II), 
degradation products of both these fonns 
being obtained ns indicated in tho schemo 
at the head of tho next page. 

Since citronellol {q.v.) gives on oxidation 
citronellal (Ticmann and Schmidt, Ber. 1897, 
30, 33), the synthetic methods adopted for tho 
preparation of this alcohol apply nl»o to tho 
aldehyde. On catalytic hydrogenation citro- 
nclla! yields tho saturated aldehyde dihydro- 
citroncllal (Pa.al, G.P. 298193) or the saturated 
alcohol (von Braun and Kaiser, Ber. 1923, 56, [B], 
2271). On oxidation with silver oxide citro- 
nellic acid is obtained, tho d/-form of which 
occurs in camphor oil (Rochus=cn, .1. pr. Chem. 
1922, [iij, 105, 124) and probably nPo in the oil 
from Caly'lrix Tetragona (Pcnfold, Ramaco and 
Simonson, J. Proc. P.oy. Soc. Xcw '‘South 
Wales, 1935, 68, 80). 

Citronelhl condenses readily with acetone 
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CH,-CMe CH, CH, CH, CHCH,CHO — *• H CHO + MeCO CH, CH, CH,-CHMe CH,CH0 


MeCOCC >HMe 


Me,C:CH-CH, CH,CHMe CH,CHO 
II. 


Me,CO+ CHO CH,-CH,-CHMeCH,CHO 


OHCCHjCHjCHMeCH, CO,H 


HOjC-CH,-CH,CHMeCH,CHO 
■ -CH, H,C— CH. 

/ \ / \ 

MeCH CH MeCH CH 

\ ^ 

C CHO C COM 


ia the presence of alk&li to yield dikydro~ 
pMvdotonone (Til) &nd (IV) (He&msnn tnd 
Reimer, O.P. 73128} Rape. Ecr. 1900, 33, 857) 
«hJch on nng closure yields dtkydrotanone (V). 
This ketone h&s a refreshing odour and fin^ 
application in perfumery. , 


CH, 

Mt 

HsCOHCCH^H 

V, 


CH,-CH« CH, CH,.CH, CHH« CH, CH.CH COH* 
IV. 


S ’clie derivatires nay be prepared also very 
ily from citronellal itself. As was abovn 
by Tiemann and Schmidt (Ber. 1896, 29. 913; 
1897, 30. 27) it yields on ^gestion leith acetic 
anhydride uopuUgcl aeetate, «hich can be 
hydrohsed to the alcohol (VI). The alcohol is 
formeJ also by (he action of dilute eulpbunc 
acid (Barbicr and User, Compt. rend. 1697, 
124, 1308} Honuchi, Mem. CoU. Sci. Kyoto. 
1023. IIA, 171), formic and phosphonc acids' 
(Print, Chem. Weekblad. 1916, 14, 627). With 
suinhuric acid the glyeol (VII) is also formed. 


CHMe 

H,d^ CH, 
H.l: CH OH 


CHMe 


HjC'^ '^H, 


CH 


C 


H,<1 CH OH 


CMe,-OH 
VI. MI. 

J.L,S. 

CITRONELLOL, The alcohol airoitetlot, 
C,,HmO, finds a «ide application in the 
manulactnro of perfumes and occurs in a 
number of essential oils, such as rose oil 


(from RoMa damaseena), geranium oil (from 
Pelargonium odoranltsetmum) and in both Ceylon 
and Java citronclla oils. It is identical aith 
the alcohols known as rXodinoI, ressiol, 
roseol. The natural alcohols are optically 
actiTe and the following constants hare fcccit 
obseired: d-citronellol (from Java citronclli 
od), b.p. 103“/5 mm., iP* 0-86(>l-O86’9, »" 
l■4565-^45791, [alp +27»-23*; /•. bp 114- 
115712 mm., d» 0 853-4)862, n” H5609- 
I-456I, [a]p —4 2*. The alcohol can be 
identified most readily by the preparation of the 
allopAanate, zap 105-106* (Gncnard and 
Docuvre.Compt. rend. 1928, 187, 270} Doeuw, 
Bull. Soc. rhim. 1929, [it], 45, 352} 

Tbe problem of the structure of citronrllol 
baa formed lbs subject of a prolonged con* 
troTcrsy now only of bistono interest. Sin« 
It IS formed by (he reduction of eitronsUal 
(11 or Iln) with sodium smalgam (Dodge, 
Amer. Cbem. J. 1689, 11, 465; Ticmsnn and 
Schmidt. Ber. 1896. 29. 903} it must be i 
primary alcohol, and this ia confirmed by lU 


oxidation to citronellal with chromic acid, when 
at tbe same time citroneUic acid (III and Ills) 
and Mopulegol are formed (Tiemann and 
Schmidt. Ber. 1897, 30, 32). On oxidation with 
potassium permanganate followed by chromic 
acid, acetone, formic, and mcthyladipie andi 
(IV) are obtainrd. The intermediate stages of (he 
oxidation are shown in the scheme gi>en st the 
sif paff* iXets J. pz- 

Chem. 1924. [iij 107, 197). 

There can be no doubt that citronellol is a 
mixture of the two alcohols represented by (I) 
and (la) the actual percentage composition of tbe 
mixture being dependent upon the source or 
prior treatment of the alcohol. In a cartful 
senes of ezpcnments Gngnard and Doeurn 
(Ic) bare shown the alcohol from four diffcrtnt 
•ourrea,(a)from Java citroneUa oil, (6) from the 
reduction of citronellal, (c) from citronelUJ 
acetate, and (d) synthetic, from methylheotcnyl 
bromide, to be a mixture in which the alconol (1) 
predominates, the percentage vary ing from SI to 
72*i. These values are barod upon the yield* of 
aeetone and formaldehyde when citronellol w 
oxidised with ozone. The oxidation of ntro- 
nrllol with ozone was first studied by llsrrwa 
Himmelmann (Ber. 1908. 41. 2187 s Annalcfl. 
1915, 410, 8) ; subsequently Ilelfcrich sno 
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ill. 


CrO, 


M«jC:CH CH.-CHj-CHMc-CHj-CHO 


II. 


NaHt 


I 1 


CrO, 


HcjC;CH-CHj-CHj-CHM<!-CHjCH,OH 

I. 


=4 


KMnOj 

Me.C(OH) CH(OH) CH.-CH.-CHMe-CHj-CHj-OH 


Me.CO+HOjOCHj-CHi-CHMc-CHj-COjH 

IV. 


CH.:CMe-CHj-CHj-CH,-CHMcCH.-CO.H 


Ilia. 


CrO, 


CH.:CH£-CH.-CHjCHj.CHMcCH,-CHO 
NaHt I CrO, 

CHjtCMc-CHj-CHj-CH.-CHMe-CH.'CH.OH 

KMnO, I 

CH.(OH)CMe(OH)-CHs-CHj-CHj-CHMcCH.-CH,OH 

I 

'I' 

H-CO.H+CHj-COCHjCH.-CH.-CHMcCHj-CO.H 


Sparmbcrg (Bcr. 1931, 64, [Bj, 101) have shown 
tlmt llio hydroxyaldcitydc, 

OHCCHjCHj-CHMeCHjCHjOH, 


has been eonfirmed by Bjmthesis from arginine 
by way of ornithine, diben 7 , 03 'Iornithine, S-amino 
a-bcnzamidovalerio acid and S-carbaraido-a- 
benzamidovalcric acid (Wada, l.c.). 


is formed also. 

Citronellol lias been synthesised in a number 
of ways: (a) by the reduction of ethyl gcranate or 
ethyl citroncUatc with sodium and aleohol 
(Bouveault, Bull. Soc. chim. 1900, [iii], 23, 458; 
Compt. rend. 1901, 138, 1099; Barbicr and 
I^rocquin, Compt. rend. 1913, 157, 1114) ; 
(i) by the reduction of citroncllal, and (c) by ite 
conversion through its oxime into eitroncllic 
acid uith subsequent reduction of the ester of 
this acid; (d) from methylhcptcnjd bromide 
(Grignard and llocuvrc, l.c.); (c) by the 

reduction of gcraniol with aluminium amalgam 
\iliich is said to bo used technically (Ullmann, 
Enryclopadio dcr Tcclmischer Chemio, 9, 572). 
On catalytic hydrogenation citronellol j-iclds 
the saturated alcohol (Paal and Ambcrgcr, G.P. 
31GD19; Haller and Martino, Compt. rend. 
1005, 140, 1303). 

J. L. S. 

CITRONELLYL ESTERS. CitroncUol 
(q.v.) forma a number of caters valuable as per- 
fumes. They may be described os having floral 
and fniitj- odours, with, in general, rose and 
Ijcrgamot predominating. The following are the 
principal of these esters, with their approximate 
characters: acctalc, b.p. 120715 mm., sp.gr. 
0 001, njJ’ 1-4480; bulyratc, b.p. 13576 mm., 
sp.gr. 0-891, 1-4490 ; propionate, sp.gr. 

0-S95, nj,” 1--1 155. Citroncllyl formate, benzoate, 
cinnamate, and valerianate are also prepared 
and used as perfumes to a small extent. 

E. J. P. 

CITRULLINE, CeHijO^N,, an amino- 
acid found in water-melon CiiruUus ruljaris 
b}- V’ada (Proc. Imp. Acad. Tokyo, 1930, 6, 15 ; 
Biochem. Z. 1930, 224, 420). It is formed by the 
action of putrefactive bacteria on arginine 
(i?.r.) (Ackermann, Z. physiol. Clicm. 1931, 
203, CO), and j-ields ornithine on alkaline 
hydrolysis (Wada, Proc. Imp. Acad. Tokyo, 
1932, 8, 3C7), and when perfused through the 
dog's .stomach produces Imth arginine and 
ornithine. Citrulline has m.p. 220°-2227 is 
optic.ally in.aclivc and forms a violet copper 
s-alt, decomp. 257'‘-2.5S‘’. The constitution 
c-amino-S-carbamidovalcrie acid, 

NH,-CO-NH-[CHj]jCH(NH;)COOH, 
Voi., 111—13 


CIVET. Civet is the most obnoxious of the 
animal perfume materials, having a revolting 
odour. When very highly diluted, however, 
its odour bccomea pleasant, and its fixative 
properties in perfumes arc very pronounced. 
It is a secretion from the perineal glands forming 
a deep pouch in the posterior part of the 
abdomen of the civet cat. The functions of the 
civet pouch are not definitely known, but it is 
probable that the repellent odour is a means of 
protection, or possibly its functions are those of 
se.xual attraction. Practically the whole of the 
world’s supply comes from Abyssinia. The 
cat which j-iclds most of the civet is Fn-crra 
civetia, a wild animal which becomes fairly tamo 
on keeping in captivity, except when the civet 
is being extracted. The cats are kept in long 
cages in which they cannot turn round, and their 
legs are secured and the civet extracted from the 
pouch with a small horn spoon. The secretion 
is greater if the animals are teased and irritated 
for a short time. There are other species of 
civet cats, but they are not of commercial 
importance. Civet is a substance of the 
consistency of honey, of a yellowish to brown 
colour, with a powerful fiocal odour. It is 
packed in bullocks’ horns secured with a leather 
cap. The boms contain from 25 to GO oz. 
Owing to its high price it is frequently adul- 
terated. A genuine civet should have the 
following characters : 

Loss at 100° — not exccctb'ng 25%. 

Mineral matter — not exceeding 2%. 

Acetone extract — 05 to 80%. 

Alcohol extract — 15 to C5%. 

Ether extract — 11 to 24%. 

Chloroform extract — not exceeding G%. 


The acetone, akohol, 
extracts should have 
ester values : 

Acetone extract 
Alcohol c.xtract . 
Ether extract . 
Chloroform extract . 


ether, and chloroform 
the following acid and 

Acid value. K>tcr value. 
S5-1I5 25-.50 

. 110-150 20-53 

. 8— 2G 55-90 

C-tO 75-170 


The ncclono extract .should not melt com- 
pletely below 40° and the saponification value 




Tbe following pubboatioiu should be cod- Oon are the wrothsred products of sihcsts 
suited E J rarrp (Cbcmut and Druggist. 190i, rocLstCspcciaUj those of the felspathic type, and 
61, 001 , 1903, €2, 871 ; 1904,65.108), Burgees conUinbpdntedalumiiuuD siLcates Acrordisg 
(Analj'sr, 1D03, 23, 101); Charabot and Hebert to J. W. MeVor (“ Compreheosjre Treatise «a 
{Bull Soe. chim 1910, (it), 8, 6S7). Schimmcl Inorganic Chenustr}',” l^ndon, 1025, VI, 481) 
tCo {Reports, lOil, GO, 1924.99, 1930,1)0): there are three recognised hypotheses on the 
Kniere (Bull Soc cbim 1920, (it), 27, 794): conversion of feUpatmc rods into clays, Three 
and Bennett and Seaber (Perf & Es^t Oil are (1) the action of surface waters charged with 
Rec 1929,20, 14) Civet contains acatole, indole, carton diotide ; (2) the action of water dnioing 
ethjianune, propylamine, some free aci^ not from peat togs containing organic ictde in 
identi^ed, and a cbaractenrtic ketone nbicb solution; (3) the action of volcanic gases and 
was dcecnbcd by Sack (Cbem -Ztg 1915, 39. vapours, that is, pncumatolytic action. In the 
638) under the name iibetonc, but which IS now normal weathering of granitic rocks, water, 
usually know n as nvetone, melting at 31®. carton dioiidc and oxygen are the chief agents 

Ciretonc has thj formula Cj,Hj,0. It has causing the breakdown. Ferrous compounds 
been completely synthesised by Ruzicka (Helv. present in the rock are oxidised to hyilnted 
Cbim. Acta, 1926, 9, 230) and shown to to a feme oxide, some of which may remain The 
17-carbon nng compound Its conshtution is as alkab and alkaline earth compounds formed are 
follows. removed m solution, while the quartz is com- 

ptfstireljr a/ttfftetoi}. Tbuf, as the Tr»oh of 
CO P this weathering, hydrated aluminium silifste, 

hydrated feme Oxide, quartz, together with a 
E. J. P. proportion of felspathic or micaceous matenik 
CLARIPOIL. Cellulose acetate transparent remain. If the water attacking the gramtie 
tissue rocks contains organic acids, i c. humic acids in 

CLARIT. A German activated earth. solution, the action is more severe. In sow 
CLAUSTHALlTE.amineraloftbefoRDDla cases the seventy of the action has resulted 
PbSe. in the breakdoan of the hydrated alumimum 

CLAVICEPSIN, C,iH,,0,,,2Aq , mp. silicate, hydrated alumina remaining. Such in 
91®, and 19S® (anhydrous), is found in Siade action is known a.s kricrwiition. Certam im^' 
comatum: it is not hydrolysed by emobtn, tant beds of highly aluminous earth*. 
but gives 2 molecules of glucose and I molecule gibUitcfAljO, -314,0), bauxite 
of mannitol on acid hydrolysis (Manno Zoroand and diaspore (A1,0,-H,0) are of 
Pasquero, Cstzctta, 1911, 41, jii], 36S) origin 3he natural diposiU of clay 

E. F. A. thcmsclvca extremely diverse in character aiw 
CLAY (Fr. ArftU; Ger. Than), The lenn frequently very impure, owing to the 

“ clay ” denotes certain earthy matenals which thedificrent natural agents and the opport urn 
possess the property of plasticity and which which have occurred in geological time for •« 

when hcxlctl to redness or higher become bazv). proccseca as the Ic.aching out or infiltration 
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poliililo palt.'i, tlio classification according to 
particle siao in streams, rivers, lakes and 
seas, the admixture with mineral or organic 
imparities, sedimentation, the consolidation by 
pressure or earth movements. The china clays 
of Cornwall have probably been formed by 
pneumatolytic action. In support of this it is 
pointed out that (1) the clay is often found at 
considerable depths in the body of the rock, 
(2) minerals containing boron and fluorine arc 
often found associated with these clays. 

Tlie terms “ primary clay " and “ residual 
clay ” are u.scd for those claj-s which arc 
found at the place of their formation. China 
clay is an example of this type. In general, 
primary clays are comparatively free from 
impurities other than quartz and undccomposcd 
felspars. These impurities are removed by 
washing from commercial china clay. A 
“ secondary clay ” or “ sedimentary clay ” is 
one which has been transported, usually by 
water, and redeposited. Sueh transportation 
and redeposition may have taken place many 
times. The sedimentary clays obviously fall 
into the geological classification of sediraentaty 
rocks. 

In Great Britain, in the Carboniferous System, 
there occur clays of considerable economic 
importance. Thus, in the Middle and Lower 
Coal Jlcasures fireclays, which form the basis 
of the refractory maloriala industry, are found. 
These clays arc obtained in many districts, 
particularly Stourbridge, North StafTordshirc, 


TanLK 1 . — Analyi 


||H 



SIOj 

O' 

40-5o 

O' 

69“42 

TiO, 

0-37 

0-94 

AI.Oj 

39-52 

27-24 

FCjO, .... 

0-30 

0-02 

CnO 

0-25 

0-47 

MgO 

0-10 

0-22 

KjO 

0-20 

2-20 

Na.O 

000 

0-40 

Ix)s.s on ignition . 

12-60 

8-90 


100-32 

100-47 


( Calcvlalcd 


*' Clav sub-stance " 

9S-1 

60-9 

Quartz 

— 

21-0 

I'cl.spat hie matter . 

1-4 

10-0 


(The titanium, iron, calcium, and magnesium 
analyses.) 


Numerous attempts have l)ecn made to 
examine clays by the so-called method of 
ration, al analysis, the object being to determine 
by chemic.al means alone the amounts of 
" clay substance," quartz, and “ fcLpathic 
matter ” prc.*cnt in them. These efforts have 
not proved sati'factoiy. By making certain 
assumptions, chicflv that the “ clav substance " 
has a formula ArjO,-2SiO.-2HjO, and that 


Yorkshire (Halifax, Leeds, Sheffield, etc.), 
Durham, and Lanarkshire. Besides tho manu- 
facture of firebrick.s, clays belonging to this 
cla.«s arc used in tho manufacture of drain- 
pipes, glazed bricks, and sanitary’ fireclay’ xvaro. 
In tho Upper Coal Jlcasures of tho Carboniferous 
System considerable deposits of a series of 
clays knoxTO ns Etruria marls are found in 
North and South Stafibrdshire and tho Ruabon 
district of North Wales. These clays, which 
may’ be fired “ red ” or “ blue ” according to tho 
methods of firing adopted, are used extensively 
in the production of roofing tiles. Tho Kcuper 
marls (clays) of tho Triassio; tho Lias clay’s, 
tho O.xford clay’s and the Kimmeridge clays of 
the Jurassic ; tho Weald clay and the G.ault of 
the Cretaceous, and certain Tertiary’ clays, are 
all used in tho manufacture of building bricks. 
Ball clays, xvhicli arc characterised by’ high 
plasticity and bonding power, aro fine-grained, 
sedimentary clays of tho Tertiary group. 
They aro found at Newton Abbot (Devon) and 
Poole (Dorset), and together xx'ith china clay 
arc used extensively in tho pottery’ industry’. 

The Co.mposition' of Clay. — jfost clays aro 
composite bodies containing, in vary’ing amounts, 
(1) hydrated aluminium silicates, (2) quartz, 
(3) ferruginous compounds, including limonitc, 
sidcritc, pyrites, and nontronitc, (4) alkaline 
earth compounds, (6) fclspathio and micaceous 
substances, (6) carbonaceous matter. Tho 
following ultimate analyses of some clays xviU 
illustrate this diversity of composition : 


or Clays. 


Fireclay 

(Stour- 

bridge). 



Trlasslc clay ' 
(Birming- j 
ham). 1 


O' 

O' 

o;, 1 

55-24 

44-24 

50-10 

54-32 1 

1-34 

1-30 

1-54 

0-78 1 

28-35 

30-92 

24-04 

20-14 i 

2-25 

2-10 

10-72 

6-32 1 

0-40 

0-22 

2-10 

5-71 1 

0-22 

. 0-14 

0-46 

3-21 

0-84 

0-30 

1-82 

1-40 1 

0-36 

0-10 

0-30 

0-32 

10-52 

14-10 

8-20 

8-02 , 

09-62 

99-00 

09-94 

100-42 1 

ximale Analyses. 



07-0 

90-00 

- 

1 

10-5 

0-50 



— i 

7-2 

3-10 



! 


compounds aro not included in tho pro.ximato 


tho fclspathic matter can Ia: calculated as ortho, 
clime, KjO-AljOj-GSiOj (the total alkalis 
licing considered ns KjO), a ‘‘ proximate ” 
analysis can bo lemputed from the ultimate 
analysis of a clay’. This is a u.«cfid device. 

Kaolin or china clay' Ls often rcgnrtlcd ns 
the simplest form of clay. In early invc.stiga- 
tions nil clays xverc assumed to contain a pro- 
portion of clay substance," the composition 
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of which approximated to that of dtina cky 
I e. that given by the formula 

Al,0,-2Si0,-2H,0. 


J. W. lleUor {Trans Ceram. Soc. 1D17. 16, 
73) showed that a crystalline mineral — kaohoite 
—With (be above formula could be isolated from 
china clay. He used the term “ clapte 
the supposed non-crystaUine “ clay aubstance,” 
which formed by far the greater proportion of| 
cla3^ bo investigated. Jlore recently C S. 
Ross and P. F. Kerr (U S Geol Survey, Prof 
Paper 165E. 1931) concluded that the crjataliine 
fraction of kaohn comprisea at least three dw 
find minerals, kaobnite, rtucnte, and dietitc, 
all with the formula Al,0, 2SIO| 2HjO — thus 
explaining the anomalous results obtained by 
previous workers They also emphasised the 
prrvnct of the non-cr^ftaUine fraetion. It is 
accepted in these dajs that other hydrated 
alummiucn silicates may be present tft cla\s 
The«e include halloysite ( Al,0} 2SiO, 4H,0), 
allophane {AlfO. SiOf nH.O), montmonUon- 
ite (A|yO,4SiO, Hi0+rH,0). bcidelhtc 
(Al,0, 4 Si6, HjO+zH,0). pyroph>Uite 
(AIjO, ‘48101 HjO) It IS interesting to note 
that there is a complete isomorphous eeriea 
ranging from beidellitc to nontromte 
(Fe,0,3Si0, nH,0), 
the htter being often found m cU>8. Further, 
the X ray iwctra of montmonllonte, beidellite. 
and pyroplijllito are practically identical 
Slontnionllonite an<l beidellite have been 
reeognisetl as important constituents of tbe 
bentonitea which are highly cullcidat substances 
denied from the weathering of certain volcanic 
ashes (E S Lar*cn and E T Wheny, J 
IVasliington Acad Sci. 19J3. 15. 405). Recent 
iniestigations using X ray methods have 
further indicated the crjstaUino nature of most 
of the hydrated aluminium silicates associated 
with fhy — particularly kaolinite, halloysite, 
biidcllite, and montmonllonite. 

R E Grim and U H Dray (J Amer Ceram 
Soc. 1930, 19. 307) haio investigated the mineral 
constitution of thirteen ceramic clays of widely 
liifTerent properties They paid particular! 
attention to tno coUoid portion, which was ml 
turn subdivided into ( — 1+0 I^). (—0 1+OOOji), | 
and (— O-CiOfi) Iraeiions A ccntnliigo techmque ' 
{ft. If. Bray, R. E. Gnm and I'. F. Kerr, 
Dull. Geot. Soc. Amer. 1935. 46. 1909) has 
been devised for this purpose. The different 
minerals were identified by optical study with 
the petrographio microscope and chemical 
analysis of the bulk sample and all fractions. 
X*ray diffraction photographs were also 
obtained on the colloidal fractions Tbe non. 
clay minerais such as quartz, mica, and gisncon' 
ito were usually found mainly in the noo'CoUoid 
portion. The clay minerals listed above con- 
stituted the colloid fractions, and generally 
one or two only were dominant for each typo of 
clay studied. Somewhat similar results have 


exaoUned. One mineral occurring in the coDokI 
Daction m most of the clays examined has not 
been ident died so far. It is desen bed as “sencite. 
like and is app-irently the same as that named 
“ giimmerton *’ (mica clay) by K. EndeH, 
U, Hofmann and E. Maegdefrau (Zement, 1935, 
24, S2J). Gnat and Bray have tenfativcir 
assigned to it the formula 


been reported by C. W. Cortvna (Naturwias. 
1936. 24. 117). It U • 


s interesting to record the 
fundamentally crystalline character of practi- 
cally all the inorganic clay constituents of 
colloidal dimensions which these workers 


2K,0 3MO 8RjOj‘24SIO,12H,0 
while EndcU and co-workers state tist it 
loses water continuously on heating Wtweea 
200® and 600*C. Reviewing the evidence wlucli 
they have collected, Gnm and Bray hate 
concluded that liaolinife, beidellite, tnontmonj- 
Ionite, tbe sencite like mineral, and halloysite 
— ^ the most important clay minerals According 
them, many clays and shales do not appear 
to contain kaohrute at all. 

Different ceramic properties are necesssrilj 
associated with the presence of thc'c minersls 
natural clays, but the effects are difQcult to 
alusto because of the inffuenre of ptrticle 
!0 as well as the specific attributes of each 
mineral In a roughly qualitative manner 
certain influences have been assigned iiiBs, 
drying shrinkage and bonding strength increaw 
with tbe content of beideUite A eharecterutie 
of this mineral is its high base etchings 
capacity , hence clays in which it is present 
m quantity will bo highly sensitive to additioni 
of electrolytes Sinco alkalis and iron sra 
commonly present in beidellite, clays containing 
apptecmblo quantities are apt not to be re- 
fractory, and there is a tendency towards red 
finng colours .Montmonllonite exerts an action 
similar to. but more pronounced than, beidellite. 
This can be appreciated when it is stated that 
iDontmonllorute is tbe essential conatituent of 
most bentonites Kaolinite under comparable 
conditions confers less bondmg power and 
induces less shrinkage than doca beidellite. R 
contams no constitutional alkahs, hag few 
adsorbeil basic ions, and ita aluminium u not 
isomorphously replaced by iron Thus, it u 
generally refractory and white burning. Both 
cbuia cloy and ball clay are kaolmitio cisys } 
the high bonding power of the fatter resuft* 
from high subdivision of the particles coupled 
I with the presence of organic material and sobs 
bcideOite. The ecricite like mineral', oifeo * 
'dominant constituent of shafes, under siatlit 
conditions of fineness tends to yield bvrr 
values for the unfired properties than kaoluule. 
Aa it contains potash and its aluminium u 
probabiy lepfaceabie by iron, it is not refnetoij 
and u often red-burmng. 

Tne Acnox of Heat os Clays.— The eff^ 
of heal on claya wsa early examined by 11. I* L* 
CiatehorfZ pbysiksl. Chem. J8S7, 1. 3M). Uj 
observed a retardation m tbe heating curve ef 
crystalline kaohrute at about 650'C. and an 
acceleration in the rate of rise of temperature st 
about J,000“a J. tV.ilellor (Trans Ceram.Soc. 
1910,9,01? 1911,10.161? 1914, 13. 83) made 
similar observations. Thus when “ clay lub- 
stanco” is heated, an endothermal rcac^ 
occurs in the neighbourhood of 600'C.. 
exothermal reaction between 000“ and l.COOX. 
Table 2 gives the thermal data for these re 
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nctions obtnined by W. M. Cohn (J. Amcr. 
Ccrnm. Soc. I92<. 7, 359. -IT-l, 548; Ber. deut. 
Kcram. Gca. 1923, i, 55) ; A. E. JIncGee (J. 
Amcr. Ceram. Soc. 192G, 9, 200) ; H. E. Simpson 
(J. Amcr. Ceram. Soc. 1927, 10, 897). 


TAI1I.E 2. 


Sul)'«(ancc. 

Heat ab- 
porptloii 
on 1 R. 

(son’c.). 

Heat 
evolution 
on 1 K. 
(O-IO^C.). 

Autliorily. 

Chinn clay 1 

93 cals.i 

IG calflJ 

W. M. Cohn 

Georgia kaolin 

127 „ 

23 „ 

i A. E. MacGco 

Zcttlitz kaolin 

92 „ 

10 „ 

W. M. Cohn 

Hallo clay 

93 „ 

n .. 

W. Jf. Colin 

Fireclays 

82 „ 

18 „ 

i 

H. E. Simpson 


Qimnlitativo values for tlio above reactions 
linve also been obtained b}’ L. Navias (J. .Amcr. 
Ceram. Soc. 1923, 6, 1208). In addition to the 
above thermal reactions S. Satoh (Sci. Uep. 
TOlioku, 1923, (3), 1, 157) concluded from a 
ptudy of his heating curves that a very weak 
c:tothermio reaction takes place between 1,170° 
and 1,220°C. 

The endothermic reaction observed with ninny 
clays in the region of 500°C. is associated with 
the evolution of the combined water or water of 
constitution. Vnrj-ing results for the dehydra- 
tion tfiupernture of clays have been obtained, 
owing prolmbly to the influence of the rate of 
heating. Thus, H. S. Ilouldsworth and J. W. 
Cobb (Trans. Ccrnm. Soc. 1923, 22, 111) found 
tlint kaolin lost n small proportion of combined 
Mater on heating to 4(>b°C. in about 7 days, 
but the main loss occurred betivccn 420° 
and l-OO'C. It has been further indicated by 
11. Ricke (.Sprcchsanl, 1911, 44, 037) that kaolin 
is not completely ilehydratcd at 000°C. C. S. 
Ross and 1’. K. Kerr (U.S. Gcol. Survey, Prof. 
PaprT, IflOE, 1930) have indicated that pure 
knolinito loses the largest part of its total com- 
bhied unter at about 4,"0°C., dickitc at about 
OTO'C., and nacrite at about 050°C. Some elny 
minerals such n.s montmorillonite lose a con- 
siderable amount of their wafer at fcm[)ern- 
ture.s of I-IO'C. This untcr is probably different 
in nature from the water of constitution of 
knolinite. Rchvdmtion lieloiv 400°C. is eon- 
sidered to lie due to the presence of colloidal 
eonstituenis such ns colloidal silica, colloidal 
nluniiiia, or “ nllophnnoid ” substances. Ross 
and Kerr have siigcested that the water removed 
on heating the licidcllite and niontraorilloiutc 
nimerals is comjxised of “ reolitie ” water, water 
of eonstitiition, and ad«orbt'd water. Tbeehenii- 
e.il (hnnue which proceeds at nlxiut GOO'C. 
nbo inthicnees the combination of the alumina, 
ifudcriiig this constituent soluble in hvdro- 
eldoric acid. .1. \V. Mcllor and A. 1). Hohicroff 
(Tr.vns. (cram. .Soc. 1910. 9, 91) consider 
tint these (di-ervntions are best e.vpl lined bv 
a'sinniiiit the complete breakdown of the el.iy 
tiiolecule into free sdiea. free alumina, and water, 
u- ’’ s'ljiiKirtiHl by G. Tainm.inn and 

Pnjv (Z. niiorg. Chem. 1923, 127, 43). 
Other view I, which have licen Miggeslcd 


assume that the water of combination is set 
free, leaving AI;03-2Si02 — ^leverrierito (W. 
Vemadski, Trans. Ceram. Soc. 1923, 22, 398; 
and F. W. Clarke, Bull. U.S. Geol. Survey, 1895, 
125, 32) — or that an aluminium silicate of the 
tj'pe AljOj-SiOj, together with free silica, is 
formed (J. Samoilov, Trans. Ceram. Soc. 1924, 
23, 338); whilst J. JI. Knote (Trans. Amor. 
Ceram. Soc. 1910, 12, 350) suggested the forma- 
tion of two compounds, AI»03'Si0„ and 
AljOa-SSiOj. 

In the neighbourhood of 850° the alumina 
becomes much less soluble in hydrochloric acid. 
The chemical change occurring between 850° 
and 1,060° has been attributed by J. W. Mcllor 
to the polymerisation and crystallisation of the 
free alumina. Numerous observations on the 
formation of a crj’stallinc aluraino-silicate in 
clay bodies at high temperatures have been 
made. J. W. Mcllor and A. Scott (Trans. 
Ccrnm. Soc. 1924, 23, 327), on firing mi.vtures 
of kaolin and alumina between 1,200° and 1,700°, 
and afterwards treating the material so formed 
with hydrofluoric acid, obtained an insoluble 
residue approximating to the composition of 
silhmnnitc (Al,03-Si02) after the treatment 
at the lower temperatures, and mulUto 

(3AI;03-2Si02) 

after the treatment at the higher temperatures. 

Tlic more recent work on the X-ray spectra 
of kaolin after heating to various temperatures 
has led to different conclusions. J. W. Mellor, 
W. Bragg and G. Siiearcr (Trans. Ccrnm. Soo. 
1924, 23, 314) state that when knolinito is heated 
at about 550° the crystal pattern of knolinito 
disappears and is not replaced by any new 
pattern, and thus the products of decomposition 
are devoid of crystalline structure. The results 
obtained by J. F. Hyslop (Trans. Ceram. Soc. 
192,5, 24, 402) are somewhat different. The 
pattern obtained from china clay heated at 450° 
lor 5 hours showed no marked change in the 
position of tlio knolinite lines as obtained 
with the raw clay, but showed a decrc.oso in 
intensity. After lieating to 550°C., a faint 
pattern unlike that of nliimina or any of the 
•silica modifications appeared, becoming more 
definite at 000° and persisting at 850°C. This 
pattern was considered to be duo to a compound 
of the formula A1.03-2Si0«. After heating to 
9.50''C., tlio p.attcni disappeared and was re- 
placed by that of miillite (3Al203-2Si02), 
which liecamc more intense after heating to 

I, 050°C. With clays containing quartz, lieating 
at the higher temperature caused the trans- 
formation of some of tlio quartz to tristolinlite. 

J. F. Hyslop and H. P. Rookshy (Trans. Ceram. 
Soc. 1928, 27, 93, 299) in a later iiivcstigatinii 
ronfirnicd the above observations and in 
addition noti-d tlie nppeanince of a pattern, 
assoei.vteil w ith crystalline alumina, after li( atiiig 
to 870''C. This ph.ase di-.ippeared after heating 
to 1,000 C. 5Iany other iiivcstig.'itions h.ave 
indie.vtcd the appearance of mullite in cliys tired 
to I,0,5ti C. or over. In most c.i-cs the presenc'c 
of either cristobalite or tridymitc — crystalline 
raodifir.ations of silica— has ni-o liecn observed, 
some of which, after be.ating to verv’ high 
lemperalure.s, apiK-ars to p.iss into solution. 
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As already stated, most clays— other than colonred fireclay bricks. It is based on the 
china clay — B«cd in the manufacture of refno- dtsaocUtion of the claj at 500’-600‘'C. into free 
torj’ materials, bufiding bricks, and other aOics and alumina and the disposition of the 
ceramic products are impare; in fact, some ao- alumina to enter into solid solution Tith 
called clajs contain leas than 40% of “clay ferric oxide, and thereby produce a paler buff 
substance.” This vanation in the constitution colour, at the same time conferring greater 
of clays has its influence on the finng operation, stability on the feme oride. The alumina, vhich 
the principle of uhich is to produce from a for any cause, may not ha\e taken up the iron 
satisfactorily manufactured and dned clay shape into solution [eg the iron being present as 
a limshed product possessing strength, shape, FeO or Fe,04 owing to reducing conditions), 
and such general or particular prapertiea as fit is leas liable to do so at temperatures over 
It for Its subsequent duties. Since hardly any 800^. On this basis a rational explanation of 
two clays are the same in their behaviour bneks with red cores and huff extenors, and 
towards finng, it must seem that the finng with baff cores and red exteriors, has been 
ojicratjon is not capable of much staodanlisa. given, 

tion Xescrtheless, in considering the industrial The final period of firing is that associated 
firing operation, three definite penods of import* with the vit^cation of the product. Vitnfica. 
ance stand out. These are (1) the water- tioo may be defined as the progressive partial 
smoking penod, ranging m normal finng from fusion of the various mineral constituents of • 
onhnary temperatures to about 250^ , (2) the clay, chiefly including the fclspathie, micaceous, 
oxidation period, ranging from fiOO** to 850°C. ; calcareous, and ferruginous substances, which u 
(3) the vitrification range from 800“ to the governed by, amongst other factors, the com* 
finishing temperature (a A T Green, Trans, position of the body as a whole, the size of the 
Ceram 8oc 1927,26.110] The water-amoLing grain, and the desired texture of the ware. In 
period IS concerned with the expulsion of the fart, the object of the heat work during this 
water from the setting of the dried goods in the period is the production of a suitshlo amount 
kiln, for, cxen after drying, the ware may of vitnfied or glassy material, which will 
ronUin up to 5% of water in a kiln, full of eurround the remaining particles and fill the 
heaxy chy ware weighing 100 tons, this means mstersticea to an extent dependent on the 
that up to 6 tons of water may require to be properties desired m the finished product 
eliminaltd The inadequate appreciaUon of the Naturally, then, Mtrification, which u the 
control of (Ins stage of the firing may not only partial fusion of certain of the constituents 
set up severe strains and ultimate weakness in of the day resulting id the cohereme of tbe 
the final product but may also cause tbe control mass, depends on both chemical and pbyiical 
of the subsequent heat work to be seriously factors. Physically, tbe gram size has a very 
impaired The oxidation period is mamly considerable influence, for the greater tbo 
conttrnetl with the elimination of carbonaceous surface per unit area, the greater the tntcr* 
matter, the oxidation of iron compounds, tbe action toking place. Chemically, tbe nature 
brcakdawii of carbonates, sulphides, and other and amount of the fiuxes present m tbe clay 
conipoiinds, together with the decotnpoeition of determine the rate and extent of the reactioni 
the I lay molciulc with the evolution of the water possible. With fireclays the rate of vitrification 
of constitution During this stage many pro- is slow up to temperatures in the neighbourhood 
pertKs sre determined In the firing of bricks ori,200“C. Many days used m tho manufaefun 
DikIc from fireday, carbonaceous matter ofbuJJtngbnckssuchasOxfordclaysorTnassie 
snd the iron compounds may cither mdindually clays show rapid vitrification at temperatures 
or together form ” bl.xck cores” or “ cbx- ranging from 900® to 1020*C. The range of 
coloured centres ” The noture of the iron temperature during winch the actions involved 
oxide wliicli form* dunrig finng depends upon in vilnfication take place to any appreciable 
th« amount of oxygen available, the steam m the extent vanes very considerably. 'Withcalcarcouj 
atmosphere and the rate of rise of temperature, and highly fnicaeeotia clays this range is verjf 
111 a limited BUjipIy of oxygen or in an exccssof I small, being of the order of 50”, but wiin 
Bteam, ferrous eumjxiunds will be formed or good fircclaya the range during which apprecivU® 
maintaintd, while under strongly oxidising cfTcctsareevident laoflcn from l,260®to 1,40</C. 

conditions, during the oxidation period, feme Here, then, la the crux of successful heat work, 
compounds will bo formed The formation of for it is essential to produce such an amount of 
•• black cons " is often duo to a deficiency of air vitnfied matter which gives strength with rwih 

during this stage, so that the carbonaceous enre without affecting the shape of tbe product. 

matter of the clay is incompletely oxidised. Thus, J. W. Mellor has pointed out that tie 
and the iron remains m tho ferrous condition chemistry of tho finng of clay wares is ibe 
forniiiig a fusible ferrous siLeate, which causes chemistry of arrested reactions 
an early vitrification in the interior of tbe pro- The measurement of (1) tho change in porouty 

duct, it K obvious, therefore, that tho rato of ami (2) the linear contraction of a clay when 
rise of temperature during this period must bo fired to different temperatures can give 
most eanfully controlled and (hat the steam informalioa concerning its behaviour during 
formed owing to the decomposition of tbe clay the vitrification. Contraction data are very 
must be quickly ehimnated, the kiln atmosphere useful in the manufacture of clay pixslueu 
thus liav ing to be carefully regulated, which must be made reasonably true to sue ano 

J. W. JlcUor (Trans Ceram. Soc. 1033, 82. ahape, l\ R. Ennos and A. Scott (Men. 
403) h#' brought forward an explanation of Geol. Survey, i'lreclays, 1925, 28, 3) hive given 
certain colour efficts due to iron oxide in buff- the porosily-tcmpcraturo curves of m*ny 
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chyn. They divided clsj's into a number of 
groups depending on the rate of decrease of 
porosity with temperature. Such a classifica- 
tion frives some indication of the maturing 
conditions necessary to produce a satisfactoiy 
product. In certain in.sfnnccs the clays show a 
steady decrease in porosity uith temperature of 
firing, pointing to a prolonged vitrification, 
whereas with others there is obviously a 
tempemture at which the clay starts to vitrify 
witli great rapidity. 

It has already Ijccn indicated that siliceous 
fircelays contain free quartz var 3 -ing in grain 
size from sub-microscopic particles to grains of 
appreciable magnitude. After firing, much of 
tliis quartz may remain ns such embedded in 
the matrix or supporting structure of the fired 
body. Depending on the duration of the fire, 
the size of the grain, and the nature of the 
matri.v, some of the quartz may be transformed 
into cristobalite. It docs not follow, however, 
that a high silica content in the original clay 
will produce high quartz or cristobalite content 
in the fired product. The quartz, at least some 
of it, may go into solution in the viscous flux 
during vitrification and remain in this state 
after cooling. When silica is thus dissolved, the 
characteristic reversible expansions associated 
with the presence of quartz or cristobalite 
disappear. 

Tin; Pw.sTiciTv OF Ci.AV.s ; Si'srENSioN.s. — 
The plasticity of clay may be defined ns that 
property which enables it to change its shape 
under the action of a deforming stress without 
cracking and without any tendenej’ to resume its 
original form on the removal of the stress. 
In certain theories plasticity has been nttri- 
biiteil to (1) the size and shape of the particles; 
(2) the physical properties of the water film 
surrounding the clay particlcc. ; and (3) the 
colloidal contents of the clay. Clays differ 
widely in plasticity, but in general such claj’s 
ns bail clays and bentonites possess the greatest 
plasticity. Certain fircclay.s, in their natural 
condition, art; shnlj’, and requiro fine grinding 
with untor to develop plasticity. .Some cln 3 -s, 
c.p. certain aluminous fireclays and china clays, 
show little plasticitj’, these being technically 
descrilied ns “ lean ’’ or “ short ” ns opposed to 
ball clays wliicb arc termed “ fat,” The 
amount of water required to produce maximum 
worknbilitj- varies widely with the claj', " short ” 
clays, in general, reejuiring less water than 
‘‘ fat " elaj’s. .T. W. Mellor (Trans. Ceram. 
S’oe. 1022, 21, O.")) has shown that the water 
content required to protlucc maximum work- 
ability decreases avith the pressure applied to 
the claj- in working. In the plastic, stiff- 
pla.slir. and senii-dry procc.s.ses of manufacture 
this fact is utilised. A clay which requires, say, 
"*'?o of water for the plastic method may lie 
sucivs.sfidh- mouldctl under high pressure (200 
ke. ]>cr sq, cm.) with a water content of, say. C%. 
.\lthough no satisfactory method of obtaining 
an absolute mc.asiire of pl.asticit_v cxist.s, many 
cmiiiric.al tests have lieen used. In works 
practice, pln«tiril_v is usually gauged b\’ “ feel,” 
a manual treatment of pulling, bending, twist- 
ing and wedging iK'ing Used. Ijxbomtoiy tests 
include the Vicat needle test (e. Yol. II, p. 144fl), 


the measurement of the flow of clays through dies 
and tubes, and tho measurement of the effects 
of tension and comprc.ssion on clays containing 
controlled amounts of water. A highly plastic 
clay has, in many eases, a high tensile strength 
in the dried state. This fact is sometimes used 
ns tho basis of an indication of plasticity. 
E. C. Bingham (“ Fluidity and Plasticity,” 
New York, 1922) has developed a formula for 
the plastic behaviour of solids in which the 
plastic (low is related to the applied stress, 
yield value and tho viscosity’ coefficient. T. W. 
Tnlwalkar and C, W. Parmclec (J. Amer. Ceram. 
Soc. 1927, 10, 070) have studied tho stress-strain 
relation of clays by means of tho torsion testing 
of cydinders of clay and have found tho Bingham 
equation satisfactory. In these investigations 
important technical characteristics of different 
chays have lieen indicated. E. 0. Wilson 
(.1. Amer, Ceram. Soc. 1936, 19, 11.0) has also 
investigated plasticity by’ means of a torsion 
machine giving stress-strain relationships. Tho 
results indicate that plasticity’ is duo to tho 
presenco of stablo viscous water films held on 
the surface of tho particles ; these in turn 
depend on the shape and surface activity’ of tho 
particles. Clays show the highest plasticity 
bccauso in addition to a plate-like structure 
they have a high surface activity’. Tho older 
platc-stnicturo and the colloid theories are 
thus blended. K. E. Wikson and F. P. Ilall 
(J. Amer. Ceram. Soc. 1922, 5, 916), G. W. 
Scott Blair and E. Jl. Crowthcr (J. Phys. Chem. 

1929, 33, 321), G. W. Scott Blair (J. Rheology', 

1930, 1, 127; Trans. Comm. Soc. 1931,30, 138) 
have reported valuable investigations which 
have a bearing on the fundamental conception 
of the plasticity of clays. 

The workability of a wet clay may bo increased 
by storing in a cool, damp place for a period of 
time. This process, known ns " souring,” 
gives a more even distribution of water through- 
out tho mass and makes tho clay tougher. 
Souring may bo hastened by the addition of 
small quantities of ccrUiin organic substances, 
such ns gums, tannin and humu.s, which favour 
tho growth of certain bacteria. D. P. Click 
(J. Amer. Oram. Soc. 1030, 10, 169) has 
studied tho micro-organisms present in six 
types of clay. By’ comparing tho properties of 
mw, aged and sterile clays ho has shown that 
the presence of living organisms are contributory’ 
factors to the ageing of clays. Traces of some 
salts affect plasticity’ considerably, a small 
quantity of acid increasing tho workability and 
strength, whcrc.as tho addition of alkali h.as an 
opjwsite effect. The plasticity and drying 
shrinkage may be decreased by tho addition of 
non-pla.slic material, such ns sand or fired clay' 
material (grog), and by suitable blending of 
different sulistances bodies of varying degrees 
can lie obtaincil. 

EliJtrintion determinations show that 68- 
by weight of ball clays consists of particles 
smaller than 0010 mm. diameter. H. G. 
Scburecht (3. Amer. Ceram. Soc. 1920, 3, S-firi) 
found that an English ball clay contained 81% 
by weight of particlc.s of -size h-s-s than 0-000.7 mm., 
whilst some English cliina cl.ays contained only 
6% of such particles. J. J. T. b'chlmsing (Compt. 
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1874, 79, 376, 473} «nc<rc«<led in rcmaviag Thronghout the first sUEC.the r^to ofdrjaig 
) -4% of maton’al of » colloidal nature from a of a clay under constant conditions of tempeiv 
certain clay, whilst J W. Jlellor (Trans. CTrain. tnre hnmidity is constant for unit area of fur- 
Soc. 1922. 21, 96} remosed only 05% from lace, for during this stage there ia a com- 
another. In general, clays in suspcn'ion havean paratirely free flow of water to the lurfsee, 
acnl reaction, the range according to P. P. When the “ leather-hard " stage is reached the 
Mali (J. Amer. Coram. Soc. 1923, 6, 901) being free flow of the water to the surface is prevented, 

3 10-7 37. Methods for the more accurate with a consequent falling off in the rate of 
measurement of the particle siac of claja have drjiBg Tho shnnhsgeof the surface of a block 
heen put forward by A H. JI Andreasen of clay relstne to the interior causes tensional 
(Her. deut Keram. Gcs. 1930, 11, 2-19. 675), strains to bo set up m this siiperfiua] znatenal. 
K. T. Knapp (Ind Eng Chem 1934, 6, 66). If drying is too rapid these strains become grest 
C. R. Ambcrg (J Amer. Ceram Soc 1936. 19, enough to cause rupture and cracking. Cam 
207). The particles in a clay slip are negatively has to be taken that the greatest safe rate of 
charged and can be deposited on an anode drying is not OTceeded. This safe rate depceds 
immersed in tho clay slip On susjicnding a on the texture of the clay or clay-ware 
clay m distilled water, the coarse particles One of the commonest methods of drying 
settle out rapidly and the clay rnattcr remains clay products in industry is by means of the hot 
suspended for a length of time, the suspension floor. In this method the moulded articles are 
containing particles smaller than I I micron placed directly on the heated floor of a large 
This suspension is typically colloidal, and shed. The chamber dryer consists of an cn- 
exhibits the Rrownmn movement, Tyndall closed space with means for beating and 
effect, anti cataphoresis Additions of small ventilating In the tunnel dryer the go^s ms 
quantities of acid to a clay slip cause flocculation; earned, and dned by steam pipes, hot gases, or 
the acidity at which maximum flocculation othermeans All typesofcommcrcialdryersare 
occurs vanea with different clays, according to subject to very wide vanationsm design to meet 
Hall, from a Pk of S 7 to 4 0 At this point the the requircmcnta of different branches of tbs 
negative charge on the clay iioa been ncotralised clay industry. H. H. Sfaeey (Trans. Oram. 
Small additions of alkalis to a clay slip defloccu Soc 1934, 33, 92), T K. Sherwood and E. W. 
late the clay, the particles renaming suspended Comioge (Ind Eng Chem 1933, 25, 1, llS, 
for a longer tune, and the viscosity of the 134) and F. H Norton (j. Amer Ceram Soe. 
slip being reduced If olkali be added in excess 1933, 16. 86) have mado useful contributions to 
tho viscosity IS increased and the clay becomes the study of the drying of clays, 
flocculated Thus, a casting slip, which Akalysis or Clays. — C enerof — The eoQ- 
ordinarily would be too thick to pour, can be stitoents dctermin^ in a normal clay analysis 
■uccTHfulIy cast by the addition of controlled are athca, the ovidcs of aluminium, iron, 
quantities of sodium silicate and sodium titanium, calcium, magnesium and the alkali 
carbonate Protective colloids such as gelatin (eodigmandpotaasium)oxide8,togetherwithtbe 
ami gum arsbic, when added to a cUy sbp. may loss on ignition. 

.retard flocculation Clays show selective ad- Many other constituents, eg. tho oxides of 
) aorption ; R. F. Gellcr and D. R Caldwell manganese and banum, sulphuric and phee- 
(J. Amer. Ceram Sec 1921, 4. 468) found that phone anhydrides, carbon dioxide and ratl«>n, 
kaolins could adsorb sodium hydroxide to the may have to be determined in special cases 
extent of 1 26% cm the dry weight cif clay. The bst two are included under tho loss on 
Gav-s adsorb the basic lona of coinroon salts, igmtion in a typical analysB. The limits of 
such as banum chlonde and copper sulphate, permissible error are usually taken to bo 
in preference to the acid ions, whilst larger i05%. though different analysts work to 
molecules of organic dves, « g methylene blue, different limits If the analysis fslls sensibly 
are also adsorbed The mechanism of the below D9 5% a qualitative examination must be 
reaction of clays slips to electrolytes baa been made to laentify the constituents which have 
discussed by G I M Litlatcb (J. Amer Ceram escaped determination in tho normal course o'l 
Roc. 1931, 14, 154), F. L Clark (Trans Ceram, thequuntitativework. 

Roc. 1933, 32, 1), J) L. Peck and D A McLean 5o>npfing—- It la imperative to sample care- 

(Ind. Eng Chem 103(.6,85}andZ W.W’olkowa folly the finely ground maferinl. otherwiso 
(Kolloid Z 1934,67, 280). the analysis will not be a representative one 

The Dnvivo or Ciuy— T ho shnnkage of and consequently of little value, 
clay during drying from the plastic elate Iklermination of iMe Hygroscopic 2Ioistyn-~ 
takes place in two principal stages During About 6 g. of tho finely ground matenal^are 
the first the change in volume u equal to the dned in an air-bath or toluene oven at 195 to 
volume of water lost; at a certain moisture 110^ until there is no further Iom in weight 
content the clay becomes what is icclinicftlly (about 3 to 4 hours is generally suflicirnt)- 
known as “leather hard.*' and at this point It is not usual to determine the hygroscopie 

the clay particles are in contact and abrmkage moisture as normally the analysis is mado on tbs 

prartically ceases During the second stage, dned sample. . 

from “ leather hard ” to dry, there is » small />rteminaHcm of the Loss on Ignihoti. — I g o* 
residual shnnkage attnbutci] to Joss of colloidal the dry material is hcnteil in a platinum 
water and to closer packing of the clay gravivs for 15 niinvitea over a small flame, then for TO 
The transition from tlic first to (he second stage minutes over a good M^kcr hurnM. with las 
is not sudden, there being an intermediate atage, lid on for the last JO minutes. Tlie 
which vane# considerably with diflerenl clayo. and contents are cooled in a desiccator, wetfiheo, 
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npiin hcnfcd for 10 minutoa over the Jlckcr 
luirncr and tlio -n-cight again checked after 
cooling. 

lyiw results arc usually due to the inconiploto 
combustion of carbonaceous matter, svhcrcaa 
losses by spurting, produced by too rapid 
ignition (especially if carbonates be present), 
generally account for high results. 

Jklrrinination of the SUiea. — The ignited 
material in the platinum cniciblo is intimately 
mised uith 10 to 15 g. of anhydrous sodium 
carbonate. (Some analysl.s prefer to avcigh out a 
fresh gram of the dry un-ignited material.) 
Tlic lid is placed on the crucible and the mi.xturc 
gently licafcd over a Jlelicr burner and finally 
fused at a bright red heat until the contents 
arc in a state of rjiiict fusion, usually 15 to 30 
minutes arc required. The crucible is allowed to 
rool on a clean unglazcd tilo ; it is then half-filled 
with water and carefully heated over the tip of a 
small flame whereby the cake can usuallj’ be 
detached cn bloc, from the crucible. The cake 
and washings from tho crucible arc placed in a 
drj’ 250 c.c. basin, glazed on tho inside only ; 
after adding about 100 c.c. of water tho basin is 
covered with a clock gln.ss and 25 to 30 c.c. of 
concentrated hydrochloric acid are added from j 
a pijjctto through the lip of the basin. When tho | 
first violent reaction is over the basin is warmed 
on a water hath until all action has ceased and 
the cake has disintegrated. Any drops on tho 
underside of tho clock glass are rinsed into tho 
hn.sin ! tho platinum crucihlo and lid aro 
washed with hydrochloric acid and hot water and , 
tho washings also poured into tho basin. Thcj 
cake is now crushed to powder with a small agate 
pcstlo and tho solution evaporated to drjmcss 
on a water hath until the smell of hj’drogcn 
cliloride is no longer perceptible. When crj'stal- 
lisatinn has started tho semi-solid mass must bo 
repeatedly broken up with the end of a glass 
rod. Tho b.asin and contents are now baked 
in an air oven at 120''C. for 1 hovir. Tho ma.ss is 
moistened with concentrated hydrochloric acid 
and 75 c.c. of hot water added. After a few 
minutes’ digc.stion (he liquid is filtered and the 
residue washed with hot water until free from 
ehlnridcs. 3’he filtrate is returned to the basin, 
again evaporated to drj'ness, b.akcd, digested 
with hydrochloric acid and hot water and filtered 
ns in the first instance. Tho wet filler papers arc 
transferred to a weighed platinum cniciblo and 
e.artfnlly dried and charred without ignition 
over a burner with a mushroom head. Tho 
carbon is then burnt off slowly over a Bunsen 
biinier and tho crucible and contents finally 
ignited for 30 minutes over a M5ker burner, 
nith the lid in fwition for (ho Inst 10 minutes. 

The cniciblo is weighed and the result entered 
as “ weight of enicible plus silie.n and residue.” 
The silica contains traces of the oxides of alumi- 
nium, iron and titanium. Accordingly, it is 
tre.vtcii with two or thiw c.c. of dilute sulphuric 
acid to jirevent tho subsequent volatilisation of 
titanic lliioride at red he.at. About 1.5 c.c. of 
hydronuorie acid are added, a few drops at a 
time, and, after placing the cnieible eccentric.ally 
on a sand bath, the solution is slowly evaporated 
to dryness. When all the hydrofluoric arid h.as 
I-een e.xj>cllc<l, the sulphuric acid can l >0 rapidly 


and safely volatilised by hc.ating the rim of tho 
crucible, carefully, with tho naked flame. 
TIic outside of the cniciblo is wiped free from 
sand ; tho crucible is then ignited for 5 minutes 
and weighed when cool. The result is recorded 
as “ weight of cniciblo plus residue.” Tho 
difiercncc between the two weighings gives tho 
amount of silica in the sample. Subsequently 
the ammonia precipitate is ignited in this cniciblo 
along with the silica residue. 

Normally' the weight of tho sib'ea residue docs 
not exceed 10 mg. ; a residue much in excess of 
this figure usually' indicates the presence of 
barium sulphate or of relatively largo quantities 
of tibanic o.xido in tho material under analysis. 
In such cases tho silica residue is fused wdth a 
small quantity of potn.ssium pyrosulphate, tho 
cake extracted and digested with dilute sul- 
phuric acid until completely disintegrated. 
The solution is filtered ; tho residue, if any, 
washed free from sulphates, ignited and 
weighed ns barium sulphate. Tho filtrate from 
tho barium sulphate is added to tho main 
bulk of filtrate from tho silica. 

The Ammonia Precipitate. — Tho filtrate from 
tho silica is heated to 80“ to 90°C. and 2 to 3 g. 
of solid ammonium chloride nro added to it, 
followed by a slight excess of concentrated 
ammonia, drop by drop ; the solution is 
simultaneously stirred well and then filtered, 
after standing for 5 minutes. If tho clay' con- 
tains manganese, which will bo indicated by tho 
green colour of tho cake after fusion with sodium 
carbonate, 2 to 3 c.c. of bromine water nro 
added to tho solution before tho two ammonia 
precipitations, otherwise tho procedure is as 
described above. Tho precipitate is filtered and 
immediately washed four or fivo times with hot 
water ; a hole is made in tho apex of tho 
filter paper and tho precipitate washed back 
into the beaker from which it has just been 
filtered.^ Tho filter paper is then washed free 
from chlorides and kept for ignition. Tho 
washings arc collected in tho beaker containing 
tho precipitate. The precipitate is rcdissolved 
in a slight excess of concentrated hydroclilorio 
acid ; the solution, after dilution, heated to 80“ 
to 90'C. and again precipitated by adding 
excess of ammonia, drop by' drop with constant 
stirring. The liquid is filtered into tho beaker 
cont.aining tho first filtrate and the precipitate 
washed repeatedly with small quantities of a hot 
nlfcalino solution of ammonium nitrate (2 to 3 g. 
per litre, made just alkaline with ammonia) 
until free from chlorides, but on no account 
must the ammonia precipitate bo allowed to 
run dry. 

The filtrate is evaporated to about 75 c.c. 
.and 2 to 3 c.c. of ammonia nro added and tho 
excess lioilcd olT. The liquid is filtered and tho 
precipitate washed free from chlorides with tho 
ammonium nitrate .solution. Tlie filtrate is kept 
for the determination ofi lime and magnesia. 
The tlm-o filter papers used in the ammonia 
precipitation arc transferred to the crucible 
containing the silica residue and the papers 

‘ When the ammonia preclrltate does not exceed 
only a sllcht excess of ammonia Is added to the 
nitrate tnirii US' slllov and the excess Is hoilcdoll. One 
I'recipltatlon only Is nccc«.*ary. 
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are slowly dried and charred orer a mnshroom 
burner. The temperature is tbeit raised ontd 
all the carbon is burnt oS and the cmaUe 
finally heated, with the Ld on, orer a HAer 
burner until ita weight is constant. 

After weighing, the ignited t»xid« are weiy 
ilowly dissolred in the crucible by fusion wiln 
6 to 8 g. of pure fused potassium pyroaulphate. 

The cake when cold is detached from the 
crucible and transferred to a porcelain basin and 
about 150 c.c. of water and 20 cc. of tonttn* 
trated gulphunc acid are added to it ; the 
crucible is well rinsed out with hot water and the 
washings poured in the basin. The mixture is 
heated on a water bath until all is disaoWed; 
the solution is then cooled and diluted to 250 c c. 
in a graduated flask to give the stock solution for 
the determmation of uon and titanium oxides 

Z)ctenntn<t(ioiv o/ feme Ortde — When the 
amount of feme oxide does not exceed about 
6%, a colorunetnc process is used, while for 
larger amounta the determination is made by the 
ordinary permanganate proeeas. The colour of 
the sample in the crucible after the deteenuna 
tion of the loss on ignition is a good criterion as 
to which process is the better. For the colon- 
metne determination an ahqnot portion of the 
stock solution, obtained from the pyrosulphate 
fusion, 19 diluted to 250 c e. m a graduated 
flask to gire the teat solution 23 c c. are 
taken for a norma] clay, or other malenals. 
containing 1% or lesa of feme oxide. 6 ex. 
of the standard iron aolution ^ are diluted to 
100 c e in a graduated flask and a portion of 
this solution is transferred to a borette reading 
to O'l c c., while a similar burette is filled with 
distilled water Two small test glasses, of pure 
white glass, arc respectirely filled with a mixture' 
of (a) 10 ce. of the potassium thiocyanate * I 
solution with 10 cc. of a bufTer solution of 
potash alum* and (6) 10 cc. of the potassium 
thiocyanate solution with 10 cc. of the testl 
solution The diluted standard iron solution is I 
added from the burette to the potash alum 
solution and an equiiaJent amount of distilled I 
water from the other burette to mixture (6), I 
sfimng thoroughly after each addition, until | 
the tints in the two test glasses are the same. I 
The tints ore newed against a neutral back- 1 
ground by Lght transmitted through the sides of | 
the glasses. 

If moro than 6 to 8 c.e. of the diluted iron 
solution are needed, errors are likely to leault 
owing to the difficulty in judging the equality 
of tint in concentrate solutions of feme thio- 
cyanate. A weaker test solution most, therefore. 

made by diluting 10 or 5 c c. of the stock 
solution to 250 c.c. 

’Slandant Irnn Solution —Dissolve oeOW x. of' 
pure ammonium frirlc alum In water, add 5re.^ 
conernt rated fulphuric add. and dilute the setutinn tea 
Hire In asTsduatedOask. 1 e c -O-ooOl u Fc,0. 

* i'otOMiivm TAiorvanats Solution — 07 X <1 B I 

molecule) of the salt per litre. ! 

* /’otaiA ^tum Solution.-.^ Oj 8 oC alumina, pre- 
pared ty rtronsly Ictililna pure aminonloni alum In a 
platinum dl'h. ts fused with 6 f of potaMlum pjn^i 
sulphate The cold caVe U extracted with water, I 
10 c r of concentrated lulphurlc add are added, ami tbe I 
solution Is made up to 1 uiie. This solution U used to ' 
counteract the effect of the aluminium sulphate la the 
test aolution oo (he tint of tbe ferric thloc} aaatc. 


Cafcvlaiion . — Using I g. of msterisl and the 
aboTC-mentioned dilutions, the percentage of 
I FejO.isgivenby 7/8, where 7 is thenmnberef 
j c.c. oi diluted standard iron solution required to 
give a match in colour. If the 250 cc. of test 
sdution contains t» c c. of the stock solution, ths 
I percentage of Fe,0 , is 25 V/S p. 

I DriCfTrnnafiono/TilunicOndc. — 50ce.ofthe 
I stock solution, obtained from tbe pyrosulphate 
fusion, are pipetted into a 100 cc. graduated 
.flask, 10 cc. of 20 toIs. hydrogen peroxide 
I (free from fluorides) are added, and the nustuie 
I mads up to the mark. 5 c.c. of standard 
I titanium solution * and 10 c.e. of hydrogen 
I peroxide are similarly diluted to 100 c c. One 
I of the test glasses used in the iron determination 
I is about half filled with the aolution to be tested. 

' lOcc. of diluted standard titaniuni solution are 
pipetted into the other glass and water added 
I to it from a burette, with frequent stirnng, 

I until tbe tmts of the two liquids, compared u 
indicated m the previous determination, match. 

CaUvlatton . — If 1 g. of material bo taken, with 
the dilutions given above, the percentage of 
|TiO, is 25/(10-1-7), where 7 is the num&rof 
c c. of water added to the 10 c e. of diluled 
standard titanium solution to produce equality 
I of tint. When ti c c of the stock solution are 
I diluted to 100 c.c. the percentage is . 

1260/{10-f r)c. 

Peleminatton of Alumina.— Vu weight of lha 
ammonia precipitate less the weights of the 
feme and titanic oxides anc^ the filter ashes, 
used U) the sibca eeparetiou and the ammonia 
precipitations, gives the weight of alumina ta 
tbe sample. 

DtUrminaUon of ilanapttn Orule -—The per- 
centage of manganous oxide, though rarely 
requim in s clay analysis, can be estimated 
colontnetrically as follows. 

A suitable quantity — say 5 c c ~«f a standard 
mauganeso solntion ' is pipetted into if 100 c c. 
graduated flask and to it is added 10 c c. cf a 
0-2^0 solution of silver nitrate and I g of 
ammonium persulphate. The flask is heated 
oo a water bath until a pink colour deielops 
By the time the contents of the Bask have cooled 
to atmospheric temperature the colour, due to 
the permanganate produced in the oxidation, 
wiB nave reached ita maximum intensity. The 
eolulion is then diluted to 100 cc. A brown 
precipitate on oxidation with the pcnulpbits 
shows that insufficient silver nitrate has been 
used. In this case the solution is reduced by 
adding a few c c. of sulphurous acid and ve- 
oxidised, after the addition of another 10 c e. 
of the Sliver nitrate solution. 

The slock solution, resulting from the pyw- 
sulphate fusion, generally contains traces of 

* Stoniard Titanium Solution — 1 B of purr tUinlc 

oxMc is fused situ to B of potassium pirosuli'hxis 
The cold cake fr extracted anth safer and "t) ce « 
coneentrated lulohnrtc arid are added the tnlitjirs 
Is ttentlf warmed on a water hath unllJ the eaks h»i 
compteiely dlMolvcd, when tbe xolutloB ix diluted to 
llltfr. 1 cr -OOOIR.TIO, . 

• ilandard llanfanfn Solution — DImoItb 0-31«5 > 
of pure maopinous sulphate. M«S 04 , 9 M,O. ta witen 
BcidSIr the aolulloo wUh s few ce. of etpnrtnlrxw 
sulpherte acid, tnd dilute to I litre. 1 C e.»0W>l s 
orrtno. 
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cliloridet which interfere with the determination. 
Hence CO c.c. of it nro boiled and the chlorides 
precipitated by the addition of silver nitrate. 
The solution is filtered and the precipitate 
washed, the filtrate and washings being collected 
in a 100 c.c. graduated flask. 

10 c.c. of 0-2% silver nitrate and 1 g. of 
ammonium persulphate nro added to the filtrate 
and the mi.tturo warmed, cooled and diluted to 
the mark, ns in the preparation of the standard 
jicrmnngnnato solution. The tints of the 
standard and tests solutions are then matched 
exactly ns described under the colorimetric 
determination of titanic oxide. 

Calculation. — If the volume of water, taken 
to dilute the standard solution to the same depth 
of colour as the test solution, bo v c.c., then, with 
the dilutions given above, the percentage of 
manganous oxide in the clay is 2-5/{10+J)). 

Determination of Lime. — The filtrate from the 
ammonia preeipitnte is boiled for a few minutes 
with I to 3 g. of ammonium oxalate, and 5 to 10 
c.c. of concentrated ammonia nro added. 
After stirring well, the mixture is warmed on 
a water hath for 2 hours. The liquid is 
filtered, the precipitate washed two or three 
times and the filtrate reserved for the magnesia 
determination, A hole is made in the apex of the 
filter paper, the preciiiitnto washed into the 
beaker from which it has been filtered, and 
rcdissolvcd by running a few c.c. of nitric acid 
over the filter paper info the beaker containing 
the precipitate. The filter paper, after washing, 
is rejected. The solution is boiled, again 
precipitated and warmed for 2 hours ns before, 
after which it is filtered and the prccipitato 
w ashed free from chlorides. The filtrate is added 
to that from the first precipitation. The 
precipitate is slowly charred and then ignited 
in a platinum crucible and finalh' heated over a 
Milker burner for l.'i minutes, with the lid on the 
rniciblo for the last 0 minutes. Tho crucible, 
when cool, is rapidly weighed, again ignited for 
5 minutes and the weight checked. 

Tho percentage of lime is calculated from tho 
weight of the rc.sidue less tho weight of filter 
ash. 

Dt termination of Mar/ncsia. — The combined 
filtrate from the caleium oxalate prceipit.stc is 
boiled with 1 to 2 g. of sodium ammonium phos- 
phate; about 10 c.c. of concentrated ammonia 
are added and the solution is allowed to stand in 
the cold for at Ica.st 3 hours. Tho mixture is 
then thoroughly stirred and filtered and the 
precipitate washed once with cold water while 
the filtrate is rejected. A hole is made in the 
a]K'\ of the filter pajier, the precipitate washed 
into the beaker from which it has just been 
fdtereil and the magnesium ammonium phos- 
[iluite di-isnived in a lew c.c. of nitric acid, in the 
wav deserilwil under the determination of lime. 
The solution is again precipitated, exactly ns 
indiratrxl nliovc. Tho cold solution, after 
standinp. is vigorously .stirred, filtered through 
an ignited and weighed Gooch crucible and 
wa.s!i!si with a cold 10% ammonia solution 
Until a few c.c. of the washings give no pre- 
sipitate with a nitric acid solution of silver 
nitrate. The preeipitato is dricti, ignitcil, 
txHihsl, and weighed an magnesium pyro- 
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sulphate — the conversion factor to magnesium 
oxide being 0-3621. 

Estimation of Alkali Oxides. — 0-5 g. of the 
very finclj’ powdered dry substance is thoroughly 
ground up with about 0-5 g. of ammonium 
chloride and 3 g. of calcium carbonate in an 
agate mortar, and tho mixture transferred to a 
platinum crucible. Tho mortar is “ rinsed out ” 
with another gram of calcium carbonate and 
tho “ wn.shings ” added to tho mixture in tho 
crucible. After well stirring tho contents with a 
glass rod, the crucible is heated over a small 
Bunsen flame for about 15 minutes, during 
which period tho crucible is partly covered by 
the lid. When all tho ammonium salts have 
volatilised tho lid is placed in position and tho 
lower third of the crucible heated to dull redness 
for 1 hour, but tho cake must not bo fused. 
Tho crucible is cooled, tho cake transferred to a 
porcelain basin and the crucible thoroughly 
rinsed out into the basin with hot distilled 
water. After a few minutes the cake is gently 
powdered in tho basin with an agate pestle; 
tho mass is then digested with about 80 c.c. of 
hot water for 30 minutes, filtered and tho 
residue washed w-ith hot water until tho wash- 
ings occup 3 ’ 120 to 160 c.c. Tho residue must 
bo well washed, particularly if tho amount of 
allialis is large. The residue is rejected. 

The filtrate is heated to 80° to 90°C. and 10 c.c. 
of ammonium carbonate solution ' added to 
precipitate the lime, Tho liquid is filtered and 
tho filtrate retained. A hole is made in tho apo.x 
of tho filter paper, tho precipitate washed through 
into tho beaker from which it was filtered and 
rcdi.ssolved in about 6 c.c. of hj-drochloric acid. 
The solution is boiled, a slight excess of ammonia 
and ammonium carbonate added and the liquid 
filtered into tho vessel containing tho first 
filtrate, the residue being well washed. 

Tho combined filtrates nro evaporated to 
dryness in a largo platinum or silica dish. 
The dish is then covered with a clock glass and 
baked for an hour at 120°C. in an air oven. 
After removing tho clock glass, the dish is 
ignited at a dull red heat until all the ammonium 
salts have volatilised. The cold residue is 
moistened with about 3 c.c. of ammonium 
oxalate .solution, in order to precipitate tho 
last traces of lime, and allowed to .stand for 
12 hours, after covering with a clock glass. 

The mixture is filtered into a small platinum 
dish and the residue wu.sheii uith ammonium 
oxalate solution. The filtrate is evaporated 
to drvness on a water bath, but, ns the liquid 
max- spurt during the carlj- stages of the 
evaporation, tho dish is covered initialij- xvith 
a clock glass and nn\- liquid adhering to the 
glass is subsequentlv wa-slicd back into the dish. 
AVhen drv, the rciidtic in the dish is ignited and, 
xxhen cold, tho contents are mobtciicd uith n 
few drops of concentrated hydrochloric acid, 
again evaporated to drvness, ignited at a low red 
heat, cooled and ucighed. Tlie residue is then 
washed out uith hot uatcr into a small porcelain 
ba.sin and the platinum dish again ignited and 

* Carlnnate Solution . — 100 c. of jiiirc 

r<*uWimeJ nniironliim earlsmatc are ills'chcd In lod 
c.c. of court III rated arminnla (tp.vr. U S-sQ) and tlic 
solution diluted to ioo c.c. vitli uatcr. 



weighed. The difference in weight gives the 
weight of alLftli chlorides. 

Unless the reagents ate definitely known to be 
free from alkalis, a blank determination of the 
alkalis as chlondes most be made on an equivalent 
weight of ammomum chloride and calcium 
carbonate. The amount found, if any. is 
deducted from the weight of mived chlondea. 

If the silicate contains appreciable quantities 
of sulphur compounds, the alkalis will be 
obtained partly in the form of sulphates at this 
stage. In such cases, before the final pre- 
cipitation of the lime, the eulphatea are con- 
verted to chlondea by the addition of a httle 
banum chlonde solution, followed by a few drops 
of ammonium carbonate solution to precipitate 
the eicesa of barium 

A few drops of perchlone acid (sp gr I 20) 
arc added to the liquid in the porcelain basin, 
at the rate of 6 c c per g of mixed chlondes. 
and the solution eiaporated almost to dryness 
on a water bath m an atmosphere free from 
ammonia fumes 10 c c. of water arc added 
and the solution again evaporated to dryness 
The residue is at once treated with alcohol wash 
liquor ^ and immediately filtered through a 
weighed Gooch crucible which has been pre 
viQusly heated to 120“C for IJ hours The 
residue is washed with about 30 c c of the 
alcohol muture and the crucible and contents 
dried for 1 hour at 120’C and weighed Ihe 
weight of the precipitate represents potassium 
perchlorate which is calculated to potassium 
chloride and deducted from the weight of 
mixed chlorides to give the weight of sodium 
chlonde The eomislent amounts of the 
alkali oxides are tticn calculated. 

The conversion factors arc potassium 
perchlorate to potassium chloride, 05381 ; 
potassium chlonde to potassium oxide, 0 6317 , 
sodium chlonde to sodium oxide, 0 530i 

{This section on the analysis of clays has 
been written by Mr. U V Thompson. M A ) 

ZaCeraturc —The reader should consult original 
papers m the Transactions of the Ceramic 
Society (England), the Journal of the Amcncan 
Ceramic Society, Berichte dcr deutsrben 
Kcramischen GescUschaft. etc Other works are 
J. IV. Slcllof, •' Comprehensive Treotiso of 
Inorganic and Theoretical Chemistry,’' London, 
1935, vol VI (The Silicates) , H W ilson. 
“Ceramics," New York, 1937, Collected 
IVntings of H. A. Seger, EMton, Pa , 1903 

CLAY-IRON STONE r CiiAL\piTE* 

CLAYITE. A name luggestod by J \V 
Mcllor m 1909 for the non-crystalline variety of 
kaolinite, H.AI,S)iOf. of which china clay 
and most other clays are largely composed 
The same name had been earlier usra by 
W. J. Taylor, m 1659, for an uncertain altera 
tion product (of tetrahednte ?) composed of 
sulphur, arsenic, antimony, lead, and copper. 

I* J.S. 

V Jlrvhtl trait tiquor — 97 volume* of abvilute 
alc-olml, 3 voluMir* ut uttrr anil 0 vulutnr* of t>er- 
chli^rle ad<t <(i< rr 1 '.ii) 'llie solution sliouM be 
ke| I bi a storixrol elan loltir rontaJnliiB afew arains 
of Biirly t>o'“lerpiJ potssi-iuni |■r^cllIorsle Ihe mix 
ture U wrll iliaten an I flllernl Into a tniatl dry wasb - 1 
bottle imnietlUtrl}’ before use. I 


CLEMATINE or BRILLIANT HELIO- 
TROPE 2R (f. Axises). 

CLEVEITE. A variety of UTanimte, con- 
aisting of a uranate of tminy L and oxides of le&d 
and the rare earths. It occurs spanngly u 
small coble crystals in pegmatite veins in the 
south of Norway; and is of interest as being 
the mineral in which terrestrial helium was first 
discovered Hillebrand{Amer. J. Sci. 1S90, [uij, 
40, 3Si) found that on decomposing the mmcnl 
with sulphunc acid, “ nitrogen ” was evolved. 
Ramsay (J C S 1895, 67, 1107) proved that the 
gas evolved was not nitrogen hut helium. 
Only half the helium is evolved by heat alone, 
and, moreover, in some cases the disengagemret 
of the gas is accompanied by considerable 
evolution of heat (Proc. Roy. Soc. 1S9S, M, 
140) ^MBsdcoEsrrE 

L. J. S 

CLEVE’S ACIDS. 1 NaphtbylamintS 
and 7 sulphonte acids. 

CLIFTONITE t CARBO’f, GoArniTE Vol 
II. p 3)5<] 

CLOVE. The dned flower buds of Eugenia 
aromatira (Lmn ] Bsill (Fsm Myrtacere], a 
native of hlolucca. where it was also formerly 
cultivated, but now grown chiefly in Zamubsi 
and Pemba The flower buds arc white at first, 
becoming green and finally red, at which stage 
they are ready for collection and must b* 
gathereil immediately, the time of the year »t 
which the harvest occurs being from August to 
December The buds are air dried and separated 
from their peduncles, w)uch then form the clove 
stalks of commerce and these are used either as 
a source of oil or to odulterate the buds Cloves 
vary in lengtli from 10 0 men to 17 5 mm t the 
largest and plumpest come from Penang and 
.Amboyna, though very few of these reach the 
European market. The Zanzibar clove is 
brownish black in colour, while that froO 
Penang is reddish brown, and the fiower brad 
of the Penang clove appeors to be much more 
fully develo;^ than that of the Zaniibac 
variety. The whole clove consists of a cylin- 
drical calyx tube With four sepals at the top 
to which the flower bud proper is altacbed. 
Cloves possess an aromatic odour and a strong, 
epicy. ond pungent taste. Fresh cloves should 
sink in boiled w ater, a distinction from exhausted 
cloves, which ate frequently used for aduheva- 
tion They arc used to a considerable extent as 
a epice and us an aromatic carminative, whilst 
the essential oil is largely used as a mild pre* 
servative, Corran and Edgar (JSC.L 1933, 
52. T149) have examined the nrescrvalive 
action, and find that mustard and clove* arc far 
•upenor to all other spires, anil bitter than lb« 
pcrmUtetl amounts of sulphur dioxide or Lenioic 
acwl for preventing the fermentation of glucose 
by yeast 

J/ierotfojiie /(ppraranee.— The chief micro- 
acopic characteristics are the numerous oil 
glands ju«t beneath tho surface of the calyx 
and the calyx teeth, and also in the pctalv 
Tho pollen grams are fttraliedrsl and measure 
from 15 to 20/1 in diameter. I’osctic, but not 
pnsmattc cry stain of calcium oxalate are 
present, and the buds contain no starch or 
aeJerenchymstous cells. The bast fibres are 
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brontl, mcamiring about 50/i, and somo idea of 
the proportion of clove Btalk to bud may bo 
obtained b^' counting the ratio of the bast 
fibres to the isodiametric Bclcrcncbj'motous cells 
in a powder. The stalks also contain prismatic 
crj’sfals of calcium oxalate. 

Chemiral Composition . — ^Tlic following table 
shons the approximate composition of clove 
buds and stalks : 



Buds. 

O' 

Stalks. 

Moisture 

. 6-(L8-3 

8-7-40-2 

Ash 

. B-3-7-0 

6-9-8-0 

Volatile oil . . - 

. 14-0-21-0 

S-O-C-0 

Fixed oil and resin. 

5-0-1 00 

3-.3-A-0 

Protein .... 

5-0-7-0 

5-8-G-O 

Crude fibre . 

. G-0-9-0 

130-190 

Tannin .... 

. 100-180 

about 18 


The principal constituent is the essential oil 
and this is probably determined most satis- 
factorily by the method of Cocking and Sliddlc- 
ton ((?unrt. J. Pharm. lO.I.'i, 8, 435). The 
powdered buds are mixed with brine, distilled, 
and the vapours passed through the top of a 
condenser into a graduated tube, into which a 
small (piantity of turpentine has been pre- 
viously diatillcd to make the mixture lighter 
than water, the condensed water itself being 
returned to the distillation flask. An air inlet 
and outlet is provided by a side tube between the 
bottom of the condenser and the graduated tube. 

Standards . — ^The " British Pharmacopmia ” 
requires tiiat cloves shall contain not more than 
5% af dove stems and 1% of other foreign 
organic matter. The ash shall bo not more 
than 10%, the acid-insoluble ash not more than 
0-73%. The United States standard requires 
the buds to contain not more than 5% of stalks, 
not less than 13% of volatile oil, not less than 


12% of qucrcitannic acid calculated from the 
oxygen absorbed by the aqueous extract, not 
more than 7% of ash, not more than 0-5% of 
acid insoluble ash, and not more than lO^o 
crude fibre. 

Adulleralion . — The chief adulterants are clove 
stems and exhausted cloves. Other adulterants, 
such as pimento and cereal products, have been 
detected. „ 

T. JIcL. 

CLOVEN E ti. CARYOPirv-ni-EKE. 

CLOVER. The name given to a number of 
leguminous crops grown for cattle-feeding. The 
true clovers are all species of TrifoUum and 
include white clover (T. repens), red elover 
(T. pratense), alsiko clover (T. hybridfum), 
crimson clor-er (T. ineamatum), yellow suckling 
clover (T. dnbitim), mammoth red or 7 .ig-zag 
clover (T. medium), hop clover or hop trefoil 
(T. procumbens). Other “ clovers ” of agri- 
cultural value arc j’cllow clover or yellow 
trefoil (Medicago lupulina), Boldiara clover or 
melilot (AT. a)ba), sweet elover (3/. dentatus), 
Japanese clover {Lespedeza striata), Soola or 
sulla clover {Ilcdysarum coronarium), various 
smaller \ etches, etc. 

The importance of clovers for cattle feeding 
lies in the liigh nitrogen and mineral matter 
contents. In addition, the soil in which they 
arc grown is enriched in nitrogen ns a result of 
the fixation of atmospherio nitrogen by the 
bacteria present in tho nodules of the roots. 
In practice clovers intended for direct grazing 
are frequently grown in conjunction with 
“ seed ” grasses, or if required for winter 
feeding the unmixed clover is hayed. Average 
analyses of green clover and hay from 
(a) European, and (h) American sources are 
given below : 



T. repens (a) 

T. pratense (a) . 
T. pratense \b) . 
T. hyhridium {a) 
T. hybridiwn (6) 
T. ineamatum (a) 
T. procumbens (a) 



Fat. 

Soluble 

carbo- 

hydrates. 

Fibre. 

Ash. 

■■EH 

Of 

% 

O' 

0-8 

(yo 

4-3 

•2-1 

0-7 

9-4 

6-9 

1-6 

M 

13-5 

8-1 

2-1 

0-7 

7-0 

G-2 

1-5 

0-9 

11-1 

7-4 

2-0 

0-7 

7-0 

G-1 

1-9 

0-8 

8-4 

3-7 

1-6 


CaovER Hat. 



I T. repens (a) 
j T. pratense (a) . 
j T. pratense (h) 

I T. hybrid turn (n) 

■j T, hyhridium (5) 

. T. ineamatum (a) . 
( T. procuml>ens (o) . 

I T. medium (A) . 

, Issptdtta firiala (n) 
' l^spedtM striata (A) 


Water. 

Protein. 

Fat. 

Soluble 
carbo 
b\ (Irate. 

Fibre. 

Ash. 

O' 

O' 

O' 

O' 

O' 

Of 

9“7 

I5°7 

2°9 

39°3 

24°I 

8-3 

lG-5 

13-5 

2-9 

37-1 

24-0 

C-0 

13-3 

12-3 

3-3 

38-1 

24-8 

G-2 

10-0 

13-6 

3-1 

31-5 

25-7 

7-1 

9-7 

12-S 

2-9 

40-7 

23-G 

8-3 

lG-7 

12-0 

2-4 

35-5 

20-2 

7-2 

16-0 

15-4 

3-4 

33-2 

24-5 

7-5 

OJ.O 

10-7 

3-9 

3C-6 

24-5 

6-1 

~9-l 

13-7 

4-0 

47-5 

21-6 

4-1 

11-0 

13-8 

3-7 

39-1 

24-0 

8-5 
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Of the totAl nitrogen eonf ent of clorers as mndi 
fcs 40-50^0 may be m non protein or unide 
forma in young plants. In mature planta 
85-90^0 of the nitrogen is present as protein. 

In New Zealand and elsewhere the presence 
of cyanogenetic glucosides in clover* ha* caused ' 
some anxiety. According to the mveatigationB ' 
of Doak (New Zealand J. Agnc. I93d, 51> J59) 
poisoning of cattle or even any ill effect on milk 


flavour is likely to be of rare occurreere. 
Armstrong and Horton (^oc. Roy. Soc. 1913. 
B. 86, 2ti2] detected an enzyme capable of 
hydrolyamg cyanogenetie glucosides in certain 
Tanetiea of wild but not of cultivated white 
clover. 

TVolff’e analyses of the ash of clovers iaelade 
tie following, expressed as percentages of the 
dry matter. 



Total 

ash 

K,0 

Na^O 

cio 

MtO 

F«,0, 

P,o, 

«=. 

SIO, 

a 

T. pratenee 

683 

220 

014 

2 41 

0 74 

0 07 

0 67 

0 21 

016 

0-27 

T, tneamalum 

6 0S 

1-40 

052 

192 

0 37 

0 12 

0 43 

0-15 

0 99 

O-M 

T. hybr^dixim 

4 76 

1 32 

OIS 

162 

060 

0-02 

0 43 

0 20 

0-19 

0-26 

r.Tcpens .... 

7 16 

1 21 

054 

231 

0 72 

0 17 

101 

0 58 

0 30 

o-2e 


A. 0. Po. 


CLOVER FLOWERS. It has long been 
known that clover flowers dye a yeDow colour 
on aliimmium mordanted fabnes, and m the 
past they were employed to a minor extent for 
dyeing purposes Three vanetiea have been 
chemically examined. Trtjdivm prattMt, T. 
tncomolum, and T. repent 
Tnfdium pratenee — According to Power and 
Ealway (J C S. 1910, 97, 231) the flower* known 
aa the “ common red clover ’* contain, in 
addition to isorAamneiin ; 



and a glytoaxde of nmettn, m p 235% nomerona 
other pbcnolie substances which are described 
below. These appear to be closely allied to the 
colouring matters of the flavone group. 

Protd, C„H«Oj(OH)(OCH,), colourless 
needles, m p. 253°, readily soluble in hot 
aqueous sodium carbonate and sodium hydroxide 
with a pale yeUow coloration, yields a mono, 
ocelyl denvative, feathery ne^es, mp. 166°. 
Robinson and Venkataraman (J.C.S. 1926. 
2341) observe that pratol closely resembles and 
IS very probably idtnlscal with T-hydioxy^'- 
methoxyflavone . 



m p. 262° {acetyl derivative, feathery needles, 
m p. 167°-168*), prepared by heating rrsaceto- 
phenone with anisic anhydnde and eodium 
anisate and hydrolysing the product, 

A compound, C|«H|,0.. thin yeUow plates, 
m.p. about 2^. is soluble in ^aha with a 
yellow colour and give* with tuJphunc add a 
aolution exhibiting a brilliant green fluorescence. 


It contains a methoxyl group and forms a 
lelra.<ir</yl compound, colourless, glistening 
prismatic needles, m p. 145°-'147°. 

Pralemol, C].H,Oj(OH)j, feathery needles, 
m.p. 210°, dissolves m alkali rarbonates yielding 
yeUow solutions, and with alcohobc ferns 
chloride givea a greenish-black coloration. 
Tr^acelyprateneol, colourless, slender needles, 
melts at 189°. Robinson and Shmoda (J.C3. 
1925, 127. 1973) suggest tbstpratensolmay bea 
tnhydroxystyrylthromone related to api^nin, 

A phenoltc tubelanu, Cj}HfO.(OH)^ colour 
teas needles, m p. 225°, is soluble m alkali 
bydroxidea forznicg coloorlees solutions, and 
gim with aJeoboTio feme chlonde a dark 
green coloration. The acetyl decirative, silkj 
needles, melts at 299°. 

The glycoside In/olin, Ct|Hs|0|i.H|0, psls 
yellow needles, m p. about 2&° (decomp ), u 
soluble in alkaliB with an intense yellow colora- 
tion. and dissolves in sulpbune acid forming a 
yellow solution which rapidly develops s 
bnUiant green fluorescence- When hydrolysed 
ityieldsTbamnoee and ln/t>{»(in,CjfH|0|(0H)t. 
slender yellow needles, m p about 275" 
(decomp.). Alkalis dissolve tnfolitia with an 
intense yellow colour, alcohoho ferric chlond* 
givea a dark green coloration, and alcohoUo 
basic lead acetnto an orange-yellow lead s^ 
It contains no methoxyl jrtoop and is nnalteied 
when heated for aeVeral hours with 30% 
aqueous potassium hydroxide. It dcca not 
appear to belong to the flavone group, and 
differa from these by the fact that it does not 
give an oxonium salt with aulphunc sad and 
only with difficulty a potassium compound by 
treatment with alcoholic potassium acetate. 
It may possibly consist of a tetrahydrozy* 
phenylnaphtbaquinone. The Ulra-aceiyl com- 

K ontl, colourless silky needles, when rapi^y 
lied melts at 116°, resohdific* at a higher 
temperature, and finally melts at 182°.* 

The glycoside iso/n/ofin, Cj|H,,0|i, paw 
yeUow needles, m p. about 250°. is isomeno wi^ 
tnfolin, and when bydroly sed yields, ainularly to 
lie latter, trifolitin. Though m general 



' roIlUn ao4 kaempfcral. 
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l)elmviour it is very similar to trifolin, it ia 
much more aohiblo in alcohol, and does not 
appear to he identical with this glycoside. 

Jn addition to these compounds, the flowers 
contain salicylic acid, coumaric acid, myricyl 
alcohol, CjjHjjOH, heptacosanc, 
hcntriaconfnne, CjjHb,, sitosterol, 0,7^(450, 
trifolianol, Cj.Hj.OjlOHlj, palmitic, oleic, 
linolcic, and Molinoicnic acids. 

TrifoUum incamaium . — A considerable difTcr- 
cnce is c.xhibitcd between the constituents of the 
" caniation or crimson clover flowers ” and 
those of the T. pratense or “ common red 
clover.” According to Rogerson (J.C.S. 1910, 
97, 1001) these flowers contain pratol, quercetin, 
and a ghicoaide of quercetin termed incarnatrin, 
CjjHjqOjj.SHjO, yellow prismatic needles, 
m.p. 212°-215°. Incarnatrin dissolves in sul- 
phuric acid, forming a green fluorc.sccnt solution, 
and when hydrolysed yields quercetin and 
glucose. It is isomeric but not identical with 
the quoreimeritrin of Perkin (J.C.S. 1909, 95, 
2181). 

In addition to thc.so substances the flowers 
yield furfuraldehydc, benzoic, and salicylic 
acids, a trace of p-coumario acid, incamatyl 
alcohol, C34 Hjj,OH, hentriacontane, a phyto- 
sterol, C27H4BO, and palmitic, stearic, oleic, 
linolcic, and isolinolcnic acids. 

TrifoUum repent . — The flowers of the white 
clover, T. repent, according to Perkin and 
Phipps (J.C.S. 1901, 85, 58), owe their tinctorial 
proj>crty to quercetin which is present as 
gliieo.sido. 

Nakaoki (J. Pharm. Soc. Japan, 1933, 53, 
238) i.solatcd IrifoUin from the flowers and 
con.sidercd this to bo a quercetin rhamnoside. 
Aeconling to Ilnttori, Ilnscgawa, and Hayashi 
(Acta Phytochim. 1937, 10, 147), however, 
trifoliin is identical witli isoqucrcitrin (quer- 
(vlin S.glucosidc). Q p P j c 

CLOVES, ESSENTIAL OIL OF. Dis- 
tilled from the unexpended flower buds of 
I'ngenia earyophyllata Tliunb. (Pam. Myrtace.a:), 
a native of tho Molucca Islands and cultivated 
in Zanzibar, Pemba, Ambojma, Penang, Mada- 
gascar, and in the Seychelles, Reunion, Ceylon, 
and Mauritius. The yield of oil from tho buds 
is 10 to 19%. The ripe fniits (mother cloves) 
and the stems yield 4 to 7% of oil slightly inferior 
in quality. The leaf oil is also distilled in 
Mauritius. 

Conttituents . — ^Tho chief constituent is the 
phenol cugenol, of which 80 to 92% is present. 
Kugcnyl acetate occurs to the extent of about 
3%. Other constituents are furfural, mcthyl- 
furfuml, dimethyl furfural, methyl amyl ketone, 
methyl heptyl ketone, methyl l)cnzoatc, methyl 
nniyl carbinol, methyl heptyl carbinol, methyl 
and Wniyl benzoates, methyl salicylate, and the 
Hsquiterpenca a- and ^-eatyophyllene. 

Chametert . — A colourless or pale yellow oil, 
darkening on keeping. Sp.gr. 1-(M7-1-0G.'», 
opt. rot. at 20’ 0’ to ~1-.T, nj," 1 -528-1 -rj-lO, 
phenol content 82 to 92%. Soluble in 2 volumes 
of 70% alcohol. The phenol content is deter- 
mined by adsorption with cold .5% aqueous 
rolution of pot.assium liydroxide ns described in 
the “ Hritish I’harinacsjjxeia." C.T.B. 


CLUPEINE is tho protamine of herring 
sperm. It contains 15 amino-acid residues and 
14 peptide linkages and yields on hydrolysis 
arginine (10 mols), serine (2 mols), proline, 
alanine and valine (1 mol. each); mol.wt.20Zl. 

COAL TAR. — ^The dark bro%vn to black, 
oily to viscous product of characteristic odour 
obtained ns a by-product of the carbonisation of 
coal in gasworks retorts or in coke ovens (see 
also Txn). 

Coal tar is a colloidal system, tho disperse 
phase consisting of coarse to ultramicroscopio 
particles, tho so-called “ free carbon,” ns deter- 
mined by tho matter insoluble in aniline or 
pyridine, the continuous phase being the com- 
plex mixture of solid and liquid chemical com- 
pounds which form the tar oils. Aecording to 
Ncllensteyn, resin-like h3’drocarbon3 adsorbed 
by' tho free carbon act ns protective colloids to 
confer stability on tho system. Upwards of 
120 compounds have been identified in coal tars 
formed at high temperatures, i.c. over 900°C. 
In the following list those shown in CAPITALS 
are produced commercially, those for which 
commercial methods of isolation have been 
devised but not yet applied on a largo scale 
are shown in black-face type. The compounds 
arc given in the general order of their boiling- 
points, but in some cases tho compound may- bo 
found in a higher fraction than that indicated by 
its boiling-point owing to tho formation of double 
compounds. 

B0II,I>'0 -POINT BELOW 200°C. 

Hvdrocarbons. — n-Butykne and homo- 
logufs, li-pentane and homologues, cyclopenta- 
dlene, di- and tetra-hydrobcnzenc, BENZENE, 
TOLUENE, ethylbenzene, p-, m-, o-XY- 
LENES, styrene, n- and isopropylienune,o-, ra-, 
p-elhyUoUienes, mesitylene, pseudocumene, 
dicyclopentadiene, hemellUhene, hydrindene, 
INDENE and homologues, telramethylbenzenes, 
durene, 

OxYOEN-coNTArsiNQ COMPOUNDS. — Acetone, 
CUMARONE and melhyJcumarone, PHENOL, 
o-CRESOL. 

Nitbooen Co.mpounds. — Acetonitrile, PYRI- 
DINE and its METHYL di- and Irimethyl 
homologues, pyrrol, aniline, benzonitrile. 
Sulphur Compounds. — Ethylmercaplan, 

CARBON DISULPHIDE, thiophen and mono- 
and dimethyl homologues and ethyl sulphides. 

BoiLiNo-Por.sT above 200’C. 

Hydbocarbons. — Penta- and heiamethyl- 
benzene, mefhylindene, tetra- and hexn-Iiydro. 
naphthalene, NAPHTHALENE, a- and p- 
methylnaphthalenes, dimclhylnaphlhalenes, 
diphenyl and its methyl and dimethyl derivatives, 
A-.5-benzoindane, ACENAPHTHENE, FLUOR- 
ENE and its methyl derivatives, phenanthrene, 
fiuoranthrene, ANTHRACENE and its methyl 
and dimethyl derivatives, pyrene, naphtha- 
fluorenet, triplenylene, ehrysene, truxenc, perylenc, 
liguid and solid para£in.e. 

OxYCEN-CONT.AINlNC COMPOUNDS. — m- and p- 
CRESOL, aeetophenone, m-5-XYLENOL and 
Domers, m- and p-elhylphenoh, dimethyl-cuma- 
rone, symm. methyl-ethyl phenol, durenol, a- and 
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p napMol*, diphenylene oxide and ita nuAsp 
derivative. 

XiTROorN Cdin*onn5s. — Tetrtimziht/lpyridine. 
quiruJine and isoquiDOline and their me/Ajd 
denvativea, indole and its tnetJiyl denratires. 
a- Aod P naphthcmilnUs. acridine and its mtlAyl 
and dimethyl derwativea, jihenaalhndiae, a> a^ 
p naphiiylamiM, CARBAZOLE and ita 2* and 
3*n<thyl derivatives, phenylnaphUtyl earbaziJe. 

Scifirru Cosipocyns. — TAionaphthtn teira- 
tTut^yUfiiophtn, dipJKfiylene atd^ide, tAio* 
phenoli. 

The properties and eompoaition of coal tars 
are instenaBj influenced by the type of coal 
carbonised, by the mazunuzn tempcratore to 
which the tar vapours are exposed in the retort, 
and by the time of expoeure to this tempera- 
tore. The primary tar formed m the retort 
consists mainly of parafiln hydrocarbons, ole 
fines, naphthenes, and phenols, and the wide 
variety of conations governing secondary 
decompoeition aeconnta for the range of com- 
position of the prodocts of high temperature 
carbonisation. The coal componenta are sub 
jected to diiferent degrees of heat and the 
secondary reactions overlap In general, 
medium carbomsing temperatures (000“- 
l,l£0*C.i and rapid removal of the tar vapoors 
from the retort give a higher yield of tar (12-14 
galloDB per ton of coal) neb in MraSnoid hydro- 
carbons and lo high boiling phenols The aro- 
matic compounds present are in part highly 
hydrogenated and methyl-substituted, while the 
tai contains a high proportion of oils and a 
lov proportion of pitchy matter and of material 
insoluble in pyndiae. Such tan are obtained 
from vertical retorts, particularly if steanung 
IS employed dunng carbonisation In horuontal 
retort practice higher temperatures are em- 
ployed (I,150*-l,3fi0T-) and the time available 
lor eecondaiy decomposition is related to the 
density of fiUmg the retort charge. The yield 
of tar IS normally 9-11 gallons per ton of coal, 
the content of phenols, now mainly phenol and 


cresols, is decreased, the pitch yield, naphthalene 
content, and matter insoluble in pj'ndioe an 
increased, and the hydrocarbons are almeet 
wholly of the aromatic series and of a lower 
d^ree of substitution. Under comparative car- 
bonising conditions, hlidland and Yorkshire coals 
yield tar cotilaming more light oil and kss 
naphthalene and anthracene than I>urham coals. 
In general, young coals have the higher oiygcn 
content and give a higher tar jneld. In coke 
oven practice (temperature 1,000®-1,250'C.) the 
degree of pyrogenic decomposition of the 
primary vapours vanes with the type of oven 
and with the time cycle, hut generally tar yields 
are lower at gallons per ton of coal, the tar 
being relatively viscous, highly aromatic la 
character, the naphthalene content being high 
and the phenols and pyndine-insoluble matter 
low. Whereas m a vertical retort the vapoan 
proceed upwards and escape through cool 
mner channels in the coal, in a horizont^ retort 
the vapours travel along the hot upper surface 
and are exposed to radiant heat. In a coke 
I oven the large mass of wet coal cools the waSi 
' and the taf in part condenses m the centre of 
the coal mass and later, as carbonisation pro- 
ceeds, la again vaponsed, the degree of further 
decomposition depending on the temperature of 
the oven top. Pyndinc insoluble matter 
(elementary analj-uis— >C about P0%, H shout 
3%, balanre 0-f N-f S+aab) is the final product 
of decomposition of the tar vapours Unless 
local heating occurs, the absolute amount of this 
matter does not incrtase during the tubseijut&t 
disUUatioa of the tar. The percentage of 
matter msolublo in toluene but coluble in 
pyridine is relatively constant in crude tars, 
but increases in amount dunng the tar distUU- 
Uoo process, the formation ratio depending on 
the prior thermal hutory of the tar, and on the 
max imum temperature employed during distifla- 
tiOD and period of exposure thereto (kc Adsn 
and Sach, JB.C.I. 1D29. 48. 337T). 

T^ical propertiea of crude coal tars aw : 



Borizootal 

Vertical retorts. 

Coke OTeBL 

Specific gravity at 15 6*C. . . . . 

M6-1-23 

1 07-M2 

M2-M8 

DutiUation per cent, wt. of dry tar; 

Light oil to 170^. 

3-4 

3-6 

1-3 

lliddle oil to 230“C. 

7-12 

11-16 

5-10 

Creoeote oil to 270"C. 

10-15 

11-20 

8-16 

Anthracene od to 35(fC. (approx.) . . . 

11-14 

10-16 

16-24 

Pitch (medium grade) 

6»-67 

45-M 

47-65 

blatter insoluble in toluene 

12-23 

3-8 


Phenols by per cent, volume on dry tar . 

3-6 

C-10 

3-7 


The pitch from a horizontal retort tar will 
contain 22-33% matter msolublo in toluene 
(free carbon) and will yield 63-70% volatile 
matter, that from vertical retort tar will contain 
J0-20°o free carbon and yield 67-75% volatile 
matter. Coke-oven pitch gives on analysis 
16-25% matter tnsoIuLIe in toluene and 63-72% 
volatile matter. 

Weiss and l>owTia (Ind. Eng. Chem. 1923, 1$. 
1022) give results of a full investigation of the 
constituents of a coke oven tar. 


The calorific value of crude tar is groei 
16.500-17, 000, net 15.900-10,400 B-Th-U. 
lb. The speeifio heat is 0-35±0-05 at 40‘C.j 
0^5±0-05 at r00“C. (“International Cnlieal 
Tables “). Spiers (Technical DaU on Fuel. 1 W 
quotes as a typical ultimate analysis, C 88 0% 
H6-2%,NI 8%, Sl- 0 %, 0 , ash. and errors 6-0%. 
The carbon hydrogen ratios of low temperaturr, 
vertical, coke-oven and honsonlal tars 
respectively as follows : 85 0.11-4 ; 83-0.68; 
S90.5S; 915,52. 
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When (nr is distilled in an Engicr flask, the 
specific gravities at 15-5'^C. of the fractions are 
shown in tlie following table : 


Fraction. 

2.10’-270'’ 

"VO’-fiOO” 

SOO'-fioO” 


llorirontal 

tar. 

1-03-1 -01 

l-O-fi-l-OO.') 

1-00.7-Ml 


Vertical 

tar. 

0- 990-1 -00 

1- 00-1-03 
1-05-1-075 


Coke-oven 

tar. 

1-03.5-1-0.7 

l-OG-1-07 

1-095-1-11 


The yield of fine products per ton of cnide 
(nr varies within wide limits, and the following 
figures arc to bo taken onlj- as a general guide : 
90’s benzole, l-2j gallons; OO's toluolc, i-lj 
gallons; 90/1 CO solvent nn))htha, lj-2i gallons ; 
phenol, 8-15 lb,; cre.sylic acid, 20-35 lb. ; 
90/140 pyridine b.ascs, 0-15-0-4 gallon ; naphtha- 
lene. 20-100 lb. ; crude anthracene, 3 to 15 lb. 

DisTii.t-ATloK. — The crude tar vapours from 
the retort after condensation arc separated 
from the nmmonincal liquor fraction, and if 
agitation be avoided during subsequent cooling, 
the tar as finally separated contains 3-.5% 
liquor by volume. The corrosion of tar stills is 
attributed to the ammonium chloride present in 
cnido tar acting in conjunction with the 
re.sinols, i.c. compounds soluble in aqueous 
caustic soda, but which can bo precipitated 
from solution in an organic solvent such as 
henzene hy the addition of light petroleum. 
The heavier corrosive action of vertical retort 
tars has been found to be duo to their higher 
rcsinol content (D.S.I.H. Report, 1935/19.3G). 

Chemical changes, generally described os 
cracking and polymerisation, occur during 
di.stillntion, and the greater these changes 
the lower the yield of oils distilling below 350“C. 
and. the higher the yield of residual pitch. 


The extent of the reaction is a function of time 
and temperature, increasing in some geometric 
ratio x\-ith increase of temperature, and in an 
approximately arithmetic ratio -tt-ith increasing 
time at a constant temperature. Above 345° 
jjcrmanent gases anil water are evolved ; 
between 300° and 345° the decomposition is 
traced mainly by an increase in the pyridine 
insoluble matter and toluene insoluble matter 
(Weiss, Chem. and Ind. 1932, 10, 219; Adam 
and Sach, I.c). Tars which have been 
subjected to high temperatures during formation 
are less susceptible to cracking during distilla- 
tion. These factors, s.afety and fuel, labour and 
plant maintenance costs, must be considered in 
the design of efficient tar distillation equipment. 

Crude coal tar, which may bo preheated by 
indirect exhaust steam, is normally distilled in 
direct-heated wrought iron or mild steel vertical 
pot stills of 10—40 tons capacity, of height sHghtly 
greater than diameter, and having a concave 
bottom. The flues cause the combustion gases 
finally to encircle the walls of the still. Crude 
tar tends to froth over if rapidly heated, par- 
ticularly if the insoluble matter content is 
high ; to overcome this trouble, and at the same 
time to efiect an economy in fuel consumption, 
modem pot still installations are now usually 
operated on the “ double still ” s 3 -stem, in which 
the vapours from the fire-heated still p.ass 
through a coil immersed in the crude tar for the 
ne.xt charge. The tar is thus sufficiently 
preheated to remove the water and naphtha 
fraction slowl_v, provided the water content is 
not higher than 7%. The general arrangement 
of the plant is shown in Rig. 1. Foul gases 
containing H.S arc evolved during distillation 



and are drau-n off through an oxide bed or 
p-mrd through an explosion prevention box to 
a funiac-e and burnt. Craeking during the 
l.itt-r st.-iges of di-<tillation is roduce<l b_v the 
adnibsion of dr\- free steam to the still, and the 
ri-jK-atcd circulation of inert gases such ns CO. 
or nitrogen has In-en proposed to serve a similar 
purfio-c. thus iiirrensing oil vields and reducing 
formation of insoluble matter in the tar (R.P. 
1.5'tfv)2). In Amcrira horizontal stilN havi- licen 
pre.firrerl. The satisfactorv o['er.\tion of the 
vot.. Ill,— n 


intermittent pot still depends ver.v largely 
upon the skill of the man in charge", and the 
recent tendenej- ha.s been toward.-* the develop- 
ment of continuous units, which lend them.selvcs 
to regularity ofoj>cnition and control of distillate 
j-ield.s, to loner labour co.st,s, to fuel cconomv bv 
heat interchange between vapours and crude 
tar, and to rclativcU- higher output per unit of 
capital expenditure. For example, a numlier of 
jKjl stills, s.a\- five, max- be connected in scries, 
and the tar progu-ssivciy heated during its 
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passage through the plant so that each still I 
yields a selected distillate fraction. The Hird' 
continuous plant (B.P. 11143,1911] consists ofa 
number of cast-iron stUls in senes, the heating 
gases passing through IV.I. longitudinal tubes 
immersed m the tar. This tjpe of plant, 
frequently combined with a steam-heated 
IViltner dehydrator (BP. 191295) has been 
installed in a number of tar distilleries. In the 
Ab Dcr-Halden system (B P. 340370), largely 
employed in France, the tar, preheat^ by the 
outgoing pitch and by the flue gases is fed to a 
still into which superheated free steam la 
admitted. The hot gases from the coke furnace 
pass first over the steam superheating eoil, then 
round the still, and finally o% er preheating coils. 
This plant is stated to give a high oi) yield, and 
relatively good fractionation, but the steam 
consumption at 40-50^o ^7 weight on the tar 
is high. Kahl (BP. 208G91, 2>1773> aiiper- 
imposes a fractionating column on the still 
and thereby obtains a sharp separation of the 
fractions mthout re distillation, thus facibtating 
the production of phenols, acenaphthene, 
fluorene, carbazole, etc Owing to the lengthy 
exposure of the tar in the still to high tempera- 
tures, cracking and polymerisation occur and oil 
yields are low and pitch j lelds high. 

Intermittent and continuous vacuum distiUa 
tion has also been practised (Raschig, O.P. 
260060, Weise, Petroleum, 1930, 26, 499. 
677). The T.I C. process (B P 170617. 184624) 
takes advantage of the rapid transfer of heat 
that can bo aecured by feeding crude tar over 
the surface of a cushion of molten lead or 
alloy contained in a still— the distillation rate is 
high, giving high oil yields — and the fractional 
condensers give narrow range oil fractions. 
This sjatem ta used in gasH orka with email daily 
throughput of tar. 

In the Barrett (U S.A ) sj stem, tar is distilled 
by being brought into intimate contact with the 
hot coke oven gases by means of a rotating 
roller in a continuous still of special design 
(B.P 346753, 347240, 3490S8, 370387). and the 
hard pitch produced, which may have a cube in 
air melting point up to 400‘’F., is continuously 
removed and granulated by spraying with 
water. Tlie hot gases and vapours from the 
atiU pass through heat eaebangers and aro then 
fractionally condensed. Suspended particles of 
tar m the vapours may be removed by means 
of an electrostatic precipitator before tbe 
vapours are passed to the condensing sj'stem. 
A email number of ovens on a battery are 
equipped to deal with the total production 
It was claimed that t)ie process gave maximum 
oil and minimum hard pitch yield with low 
operatiog costs, hence its development in tbe 
U.SA., where, apart from the tar required fori 
road purposes, the mam objective of complete j 
distiUation is the production of creosote, pitch ' 
being a low value by-product. The throughput 
of the still vanes with the oven cycle time and 
lies within tbe Lmita 106-125 gallons tar dis- 
tilled per ton of coal carbouis^. Cooke and 
Holton (B.P. 301645, 416103) use the sensible! 
heat of the hot crude retort gases by circulating 
the tar m the collecting mams until a dehydrated 
lar of the rcqmred vucosity for road work is 


obtiuned; the light vapours pass forward with 
the gas and arc recovered in a static extractor 
and dynamic extractor in series. 

TTie pioneer user of the pipe or coil still ns 
Lennsro (B P. 814 of 1891). His system 
unproved in detail is employed by the South 
Metropohtan Gas Co. The preheated crude Ur 
IS pumped through a pipe still and at a tempera- 
ture of325°C. enters the top of a column mtothe 
base of which steam is admitted. Pitch is con- 
tinuously drawn off from the base of the column 
and the vapours pass forward through a senrs 
of fractional condensers mamtamed at pro- 
gressively lower temperatures. In 1907 AVilioa 
(B P. 26910, 1007) erected a cast iron pipe still, 
m which tbe tar was heated to PO^C.. while 
being maintained under a pressure of 40 lb 
per sq in. The hot tar at the coil exit passed 
throngh a control valve to a flash chamber at 
atmospheric pressure, in which the tar byer was 
kept at 4-6 in. depth. The water and light 
oils flashed off without frothing and the de- 
hydrated tar was further treated in pot stills 
lilts eystem was developed to deal with tars of 
high water and insoluble matter content. It wu 
bter adapted for the production of road tars, 
the dehydrated tar from the first cod being 
passed through a second cod at temperatoies up 
to 275^ and at pressures up to 60 lb. per sq in. 
Tlus type of plant is employed by the Cu 
Li^t A Coke Co. at their Beckton « orks. 

^e pipe still symtem of distillation has certaia 
advantages, including relative safety due to the 
email quantity of tar m the unit at any par- 
ticular moment, and production of high oil 
yields due to the short time of exposure of the 
tar to the higher distiUation temperaturee. The 
eystem operatee continuously, and imee 1033 
baa been further developed by improved design 
of the heat exchangers and fractionating 
columns. The rate of flow of the tar in the 
pipo atd] IS such as to give turbulent flow 
conditions, thus muumismg tlie formation of 
deposits in the pipes and mcreasing the rate of 
beat transfer. The heating surface has b«a 
designed to give a uniform rate of beat transfer 
per unit of surface and finally, bubblmg hood 
towers with controlled reflux ratios have been 
added to yield narrow range frsctions of oil 

Wilton (BP. 307577, 337581, 42454S) cif- 
cubtes the preheated tar through a pipe atiU b 
a vapour box and part of the residual pitch ia 
passed agom to the feed tank, where crude tar ii 
admitted so that the hot pitch e£fi<ta dehydra- 
tion of the tar and distillation of tbe moat 
vobtile constituents. Tbe mixture is again 
circulated through the stiU, the temperatum 
being raised to BOO^C. or higher. 

In the Amencon pipe still system the br » 
dehydrated in the heat exchanger eystem anu 
distilled by one passage through^ tbe 
Plant of this typo in U.S.A. vary in 
from 150 to 456-700 tons per day. OU yi«i« 
ara Hh-15% higher than for batch itills wbra 
placing pitch of cube-in air melting poio 
SOOT. Imal temperatures are higher than lo 
got stilb. but the tune factor U reduced 

Adam and Potter (B.P, 303038) patented s 
two-atage pipe still distilbtion ijatem design 
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to give a minimum incrcafc of tolimnc-insoluble 
matter and hence high oil yields. Two coils 
set in one furnace operate under pressure 
and in series, the pressuro being released in a 
flash box at tbc exit of each coil. The release 
of vapours in the second box is assisted by the 
admission of superheated free steam and the 
vapours are fractionally condensed in a series 
of bubble hood columns. 

The Koppors Co. have erected a plant at 
Ostrava, Czechoslovakia, and another at Beck- 
ton, England, designed on similar principles. The 
tar is distilled in two stages, in two separate 


pipe stills between which is inserted a vaporiser 
for the removal of light oils and water. The 
tar is heated in the first still to 150°, and in the 
second to SOO’-SSO", according to tho hardness 
of pitch required. Tlie volatile products from 
the pitch column are carried forward and 
separated into tho required fractions in succes- 
sive bubble hood column stills with the aid of free 
steam. The first named plant has a capaeity of 
200 tons and tho second 400 tons a day, tho 
fractions taken comprising light oil, carbolic oil, 
cnidc naphthalene, wash oil, and two anthracene 
oil fractions — see Fig. 2. This system is 


rSACTIONATINO COLUMNS for 



economical only when a large tonnage is to be 
handled (100 tons per day or over). The heat 
units fed to tho fvirnaco per ton of tar distilled 
are OSO.OOO B.Th.U. in tho form of solid fuel, 
and 00,000 B.Th.U. as steam (from pump 
exhausts), a reduction of over 25% on averngo 
figures for pot stills (Eislcr, Eanirzla and 
AVcinkopf, Glilckauf, 1 930, 72, 184), which are 
of tho order of 130-145 lb. coal per ton of tar 
distillc<l. 

In another typo of plant the hot tar is flashed 
into a tall bubble hood toner which embodies 
tho cvaimrator or flash box section and tho 
vapour rises through the traj-s on which it 
eoutacts with descending rcilux liquid. At 
selected points on tho lower distillate side- 
streams are drawn off. 

The comimsition of tho fractions obtained by 
prim.iiy distillation of cnido tar varies con- 
siderably nith the typo of plant and type of crude 
tar. The following data are typical for a raodcni 
pipi' still (Koppors) and for a double pot still 
installation distilling a mixed rriide tar. 

Pirn with Fuactionatino Coi-t-jiss. — 
The crude naphtha distils 9.5% between 00’ 
and 170'C., sp.gr. 0-8S.5-0S90. jdcld about 
--•'I'Jo : tho e.arbolic oil distils p.5% lictuccn 180’ 
and 210\ sp.gr. 0 9S-1-00, yield 3-6%. eontent 
of phenols 30-40^0, this friction being fluid at 
onhnaiy temperatures ; the naphthalene frac- 


tion distils 9,5% between 211° and 2.37°, ciystal- 
lising point about C5°C., yield 6-10% ; tho 
wash oil distils 95% between 240° and 290°, 
sp.gr. 1-02.5-1-040, yield 61%, this fraction also 
being fluid at ordinary tonipcrature.s ; tho 
anthracene oil Iso. 2 distils 93% between 263° 
and 330°, sp.gr. 1-07-1 -08, yield 5% ; the 
anthracene oil No. 1 commences to distil at 32.3° 
sp.gr. 1-10-1-12 yield 15-20%. 

Pot Stit-I.. — Crude naphtha, sp.gr. 0-910- 

0- 900, distils .50-80% within tho range 90’-IG0’, 
contains 60~C5% benzole hydrocarbons, up to 
15% naphthalene, and 5-10% phenols, yield 
2—1%. Tho middle or carbolic oil, sp.gr. 0-960- 

1- 00.5, distils mainly betw-een 165° and 245°, 
contains up to 40% naphthalene depending on 
the nature of tho tar distilled, and 15-30% 
phenols, yield 6-14%. Tho creosote oil fraction, 
sp.gr. 1-025-1-0-15, distils mainly between 220° 
and 300"C. Under favourable market con- 
ditions tho phenols may bo recovered bj- a 
c.austic soda w-osh, othenvise this oil is mi.xed 
without chemical treatment with the anthracene 
oil fraction to yield timber prc'crving oils to tho 
British Standard Specifications (see Ckeosote). 
The anthracene oil fraction, sp.gr. 1-07.5-1-11, 
distils mainly between 270’ and 350°, yield 10- 
20 ^ 0 - lu order to preserve the life of the still and 
to reduce decomposition, this fraction is obtained 
with the aid of free steam. After condensation 
of the vapours, the water is separated and tho 
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oil may be cooled to deposit crude anthracene of and tW’a tolnole, xj lolc, and folrent csphtlu. 
about 35°o strength. The crude anthracene Until 1930 benrole for use as motor spuit tm 
IS recrvstaUised from solvents such as pyridine refined by similar methods. It was tiw 
and solcent naphtha to yield a high grade recognised that the sulphuric acid gave rise to 
anthracene and crude carbazole. unnecessary losses of the order of S-IO®' 

The distillation IS earned to the point at which due to sulpbonation of the aromatic hjdr^ 
the pitch residue in the still baa the desired carbons and to the removal of the olefiaie 
softening point when examined by one of the hydrocarbons which have a definite fuel valoe. 
standard methods, the end point being deter In Germany a restneted acid wash emplonar 
mined by the specific gravity or by the appear- 809/a sulphunc acid was adopted, the tiestol 
anco of the final runnings or by the temperatora spirit being distilled through a 60®^ caustic sods 
of the pilch or vapours Normally there are solution to remove sulphonic acidesters. lotha 
three mam halts* (1) the soR pitch stage country the inhibitor process was adopted, q 
(K raemer-Samow softemng point, 25*-50“C ), which the chemical treatment is reduced to thti 
the product being employed for \anoiis necessary for removal of phenols and bases asd 
industrial purposes such as hot process tar for rednetion of the sulphur content, and to 
macadam and pipe coatmg for prevention of sod improve the colour keeping properties. The 
corrosion. The pitch at this stage is allowed to formation of gum from the nnsaturated hjdre- 
cool off to some degree m the atiO and is then carbons during storage is prevented by the 
run to containers or to the mixing plant , the addition after redistiUation of smaU amoants of 
soft pitch may be cut back with a selected the order of 0 02% of substances known u 
creosote oil fraction to yield road tars of the inhibitors. Suitable inhibitors for benzole an 
required viscosity j (2) the medium soft or eresylie acid of high ortho- content or catechol 
hnquetlmg pitch stage. This pitch has a <Hoffert and Claxton, J.S C 1. 1930. 52.25T). 
softemng point 70“C ±5’ by the Kraemer The carbolic or middle oil fraction may be 
Sarnow method, or 78°C ±5“ by the Ring and separated into two mam fractions by re- 
Ball method. Thu grade is run from the stdl to distillation and the lower boding fraction washed 
coolers which may be storage vessels with an for recovery of phenols, or the whole fraction 
exit to air through a packed tower down which may be so treated (sreCARBOue Acid; Csestuc 
heavy oil is allowed to trickle for condensation Acio) The first and second fractions obUiiMd 
of the heavy obnoxious vapours. From the on rcdistiUstion, or the whole fraction, u cooled 
coolers It u pumped while still fluid, either by in pans or m tanks fitted with aptators and tbs 
steam heated reciprocating pumps or by air crude naphthalene which crystaUisa out u 
preasure, the dry air being admitted through the eeparated by draining or centrifupng, and msr 
molten pitch, to overhead cooling trays of 5 be further purified by hot pressing. The crude 
tons capacity, or alternatively, it is run by napbtbslene so obtained is washed in tbi 
gravity to wrought iron moulds holding 1-2) noltencondilion with4%Bu]phuneaeid93*0d'’s 
cut , or to pitch beds, where it is alloved to cool strength, with hot water and with caustic tods 
to atmospheric temperature. The beds are solution, and redistilled or aubhmed to yield tbe 
concrete or bnck*Lncd, and adhesion of the commercially pure product. The treated nr 
pilch is prevented by lime-washing the sides bolie oil is rMistilied, the fraction diitiUiR; 
and coicnng the bottom with a ahallow layer of between ICO® and 190“C. being sold as “beary 
coatduit; (3) the hard pitch stage, the product naphtha” 

hai ing a Kraemer Samow softening point 100®C. Tho separation of tar into an oil fraction and ■ 
and iipnards This pitch is cast in cooling trays pitch fraction by treatment with light petrolrato. 
and IS used for special industrial purposes, such b p 40®-G0'C., and determination oftbe pbenob 
as clay pigeon manufacture, os a reducing agent and neutral oib in the soluble portion and of 
m metallurgical processes, as a fuel, or it may be resinoids soluble in benzene but insoluble in bgbt 
furiher ilistilled in special stills or in coke ovens petroleum, forms the basis of a useful method 
Jn p/tvJucfi ptich eoip. for thr e.janunattoj) of rrwde tarn Indwtnd 

The naphtha, light oil, and carbolic or middlo applications of this method have been patented 
oil distillates are chemically treated to remove by Lessing (B P. 130362) and Morgan and Pratt 
phenols and Koscs. Narrow range fractions are (B.P. 307366, 331542), but have not leea 

then prepared by reduliUation for further developed on a large scale for the treatrarnt of 

resolution into the pure compounds. high temperature tars. 

The fraction to 170® is wasbcvl with 10% Commebciai. Evalcatiov. — The productiea 
caustic soda solution to remove phenols, which of tar from coal was first mentioned by 
are recovered as such («< Carbolic Acid), in 1665 and later covered by a joint patent ^th 
and with 25-30^0 sulphuric acid, erode pyndine Steele (BP. 214 of 1681). Clayton (I^-J 
bases being recover^ from the acid solution carbonised coal with recovery of by-prodortw 
by neutralisation with gaseous ammonia or the tar being used in place of Stockholm tir 
sodium carbonate. The neutral fraction is then From the beginning of the nineteenth rentury 
redutilled from a still fitted with closed steam until 1850 coal tar was in the main regarncu M 

coils, erode benzoic, toluolc, and solvent a useless by-product of the new illuminating^ 

naphtha fractions being taken These fractions industry. Early uses were os fuel for 
arc refined by treatment with 3-t% by soluine m the manufacture of roofing felt, as a 
of strong sulphunc acid (C.O.V.) to remove woo>l and stone, and for production ci ta p 
thiophen, and olefinic hy drocarbons, neutralised blacks. The distillation of tar is fint 
by water and alktli washes, and fractionally in 1822. and in 1830 Anderson at hu w®f ’ 
rcdntillcd to yield pore and OO's benzoic, pore Edinburgh was producing naphtha whita 



213 


COAL 

rent to Macintosh in Glasgow for employment 
ns a rubber solvent. His works nbso produced 
pitch and carbon black. The first important 
bulk outlet was opened up in 1838vihcn Bethcll 
patented the employment of coal tar creosote 
oil for the preservative treatment of timlxir for 
railway sleepers and mine props — this use arose 
from the rapid decay of the sleepers on the 
Stockton-Darlington railway, opened in 1825. 
The light splvents were u.sed ns such and os 
illumin.ants. Following Hofmann's identifica- 
tion of benzene in coal tar (1845), Mansfield in 
1818 laid the foundations of the industrial 
procc.ss for the recovery of benzene from coal 
tar. From 1850 onwards the development of 
the aniline dye industry, cmplojdng ns raw 
materials benzene, toluene, naphthalene, and 
anthracene (alizarine 1808), e.terted a strong 
influence. The employment of piteh for coal 
briquetting in 1842 extended the uses to whieh 
the products of primary distillation were 
applierl. Tire production of tarred roofing felt 
increased, later to decrcn.se in this countrj', but 
was maintained in U.S.A. and Germany. 
From about 1910 a new factor of immense 
importance arose with the development of the 
use of refined tar in road construction, both 
for surface dressing and for the manufacture 
of tarmacadam. Topped tars were first used 
on roads to eliminate the dust nuisance which 
folloned tho introduction of the motor car 
(1890), hut later prepared tars were produced 
which, acting ns a binder for tho mineral 
aggregate, gave a road surface possessing 
tiro required qualities of stability, durability, 
and safe riding surface. 

Tho production of cnide tar incrcn.sed in this 
cmmtrj* and more rapidly on tho Continent 
vith the introduction of tho by-product oven 
for tho manufacture of metallurgical coke (1870 
onwards). A further important step was the 
introduction in Germany in 1890 of tho gas 
washing iirocess for tho recovery of benzole 
from tho coke oven gases, this materially 
reducing tho export of benzene from England i 
to tho German dye manufacturers. I 

The quantity of crude tar produced by the 
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gas industry’ has tended to increase, but tho 
production from coke ovens undergoes marked 
changes in accordance with the state of the steel 
industry. Total production, therefore, bears no 
rchation to the demand for the products of 
distillation, the values for which undergo 
relatively' violent changes as the demand of tho 
respective using industries equals or falls 
below the supply. The post war employment of 
the benzole hydrocarbons as motor fuels con- 
ferred on these constituents a relatively stable 
price in an unsaturated market. The market 
values for naphtlialene, phenols, and cresols 
have not been without interest, but the real 
economic factor for the tar distiller is tho 
price rcah'sed for tho bulk products, creosote, 
pitch, and road tar. Data regarding tho pro- 
duction of these products is given in tho appro- 
priate articles. Thus the value of tar as n by- 
product depends upon many factors, including 
the cost of transport of crude tar to the distillery, 
and of tho products to the consumer. Present 
average values in the gas industry' arc 2Jd. to 3d. 
per gallon crude tar, equivalent to 2s. to 
3a. 3d. per ton of coal carbonised. 

On 1110 continent of Europe tar distillation 
practice follows the same general lines as 
British practice. In the United States the 
outlet for pitch is limited and hence about 
one-half of the crude tar produced, after 
removal of the more valuable light oils, is 
burnt as fuel in the adjoining steel works. At 
the tar distillation works, hard pitch for fuel 
purposes is produced, in order that tho maximum 
yield of ercosoto oil m.ay be obtained. As 
illustrating recent American conditions, tho 
following figures supplied by S. R. Church are 
interesting : “ Tho revenue per American 

gallon of coke oven tar fell steadily from 5-1 
cents in 1929 to 3-7 cents in 1933, and had 
recovered to 4-1 cents in 1935.” 

Complete production statistics for Great 
Britain arc not readily available, but the follow- 
ing data for 1936 have been assembled from the 
Annual Reports of the Chief Inspector of Alkali, 
etc.. Works, England and Wales, and from other 
sources : 


Orijjin of Tar, 

I 

1 

Tar distilled. 

Pitch pro- 
duced. 

Pltcll 

exported. 

Tar treated 
for iiroductlon 
of road tar. 

Ivoad tar ■ 
fxi>orttd. 1 

Gas works .... 

tons. 

ton**. 

tons. 


tons. ! 

1,060,000 

275,200 




Coke ovens .... 

709,900 

260,500 




Other works 

20,000 

7,600 




1 Total 

» i 

1,789,900 

543,300 

407,459 

43 

169,984 • 

i 


The figures for Scotland an : Tor distillcxl, 
173,010 tons; pitcli produced, 47,707 

tons. 

The pixxluction in Germany for 1935 w,as 
I.43.'i.0tK) tons, of which approximately four- 
fifths was from coke ovens ; the road tar con- 
sumption was about 159,Ci>00 tons. In 1936 
the production rose to 1,680,000 tons. The 
1 rench production of crude tar, approximately 
one.h.alf from coke ovens, was 52.5,000 tons ; 
SO.5,000 tons of tar were u'cd for rceid purposes 


in addition to 171,000 tons of road tar imported. 
The annual production of tar in the United 
States from horizontal and vertical retorts is 
about 220,000 tons, and from coke ovens, 
including those on gasworks, was 2,017,500 
ton.s in 1935 and 2,588,000 tons in 1936; in 
1935, 465,000 tons were used for road purposes. 
The qu.s.ntity of t.nr distilled in the United 
St.atc8 has increased in recent years — tho figure 
for coke oven tar in 1932 bcing'Sl 1,.500 tons and 
in 1935 1,316,000 tons, the balance of production 
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in each rear being either homed aa fuel in oxide) containing a Tariable quantity of 
Bteel works or sold as foe]. cobalt oxide mixed with it, sometimes amount 

The total world production of crude tar is of ing to 40^o, sulphide of cobalt and oxides of 
the order of 7-8 million tons. topper, nickel and iron are frequently present. 

Anai-asis — Standard methods for testing Cobalt occurs in small quantities m many other 
tar and its products are fully described u the minerala — in pyrites and certain iron ores, la 
book issued by the Standardisation of Tar miaptckel, in sulphide of lead, in cerite, and in 
Products Tests Committee (2nd ed., ld3S), some peats and coals. 

which should be consulted, hlethods for The most important source of cobalt h 
sampLng are giren in this pubbcation and in Northern Rhodesia, where it occurs as cobaJti 
Bntish Standard Specification 616/1933. ferous copper ore in the hTKana mine of the 

The following determinations are normally RhokanaCorporationinextmimportancecomes 
made on a sample of crude tar : Specific grarity, the Belgian Congo, where it also occurs u 
water (by distillation), matter insoluble m cobaltiferous copper ore in the Katanga region, 
toluene, ash, and distillation test, followed by followed by the Cobalt district in Ontario, where 
the estimation of phenols and of ciystallisable smaltite and cobaltite are found abundantly m 
solids in the fractions. For the distillation the stlrer ores, the cobalt minerals running in 
test, the flask containing about 259 c.e. tar is Terns. In Sudbury, Ontario, cobalt occurs u 
heated in a fusible alloy bath and fractions to cobaltiferous pyrrhotite associated with nickel, 
210®, 230®, 270®, 300®, and 360'C. are eoUeeted, and is recovered as a by product. Other 
and the phenols, taken as the volumetnc per- sources are Burma, where nickel spews canyirg 
centage of the fractions recorded Alternatively. 3-4% cobalt is a by-product from the Bums 
distillation may be conducted m a tared steel Corporation smelting operations, French 
still, about 5 litres rl the sample being taken, hlorocco, where it occurs mainly os smsltitr, 
fractions being collected as before. Pyndine and China, where it occurs as cobaltite and 
bases and phenols are extracted from the oils smaltite. Asbolite occurs in New Caledonia 
distilling to 270®, the former by 23% sulphunc and also near Port Jlacquarie in Kew South 
acid, and the latter by lO^o aqueous caustic Wales Cobalt baa also been obtained from 
soda solution, both being \o1umetncally deter- Sebneeberg in Saxony, Joachimsthal in Bohemit, 
mined by neutralising the respective aolutions Central Indio, Tunaberg in Sweden, Nstinanov 
The oil fractions to 270® are cooled to )5S*C ui Russia, and Cornwall, 
and the naphthalene which separates » trans £xT?.tcnos — The methods adopted for the 

ferred too Buchner funnel, pressed, and weighed, extraction of cobalt from the ores vary with the 
Similar]}, the crude anthracene which separates nature oftbe ores, and as these generally contain 
from the oJs distilling between 300® and tbe laiger quantities of some other metal than 
pitch point u determined. Tho pitch remaining cobalt this latter is obtained as a by-prodset 
in tbe still IS weighed and the eoftening point, m the form of a speiss containing also atteniiln 
which should normally be 6S®-73®C. by tbe of other metals, as a matte containing lulphidn 
Kraemer Samow method, is determined ne of other metals, or as a precipitate during vet 
washed light oils fractions are redistilled and treatment of ores. 

the benzole (to 100*), toluolo (to 120®). solvent Experiments on flotation concentration bite 
naphtha (to ICO®), and heai-y naphtha (to 190®) given tome interesting results. Starting vith 
fractions are measured (sre aho Prren, Road an ore contsming 15 81% Co aa'ociatea vitk 
Tab). pyrites end sphalerite, the Canadian Goicni' 

Ltlfralure —A. R. Wames, “ Coal Tar Distilla- ment Laboratones have aucceeded in getting a 
tion," 3rd ed. j Lunge, “ Coal Tar ” , Rosendabl. 97^® tecoveiy of a 24 77% concentrate, and as 
" Steinkohlenteer ” , J. 11. Weias, Chem. and 85% recovery of a 29 5% conccntralc by 
Ind. 1932, 10, 219, 240, E Weise, Petroleum, flotation (J. S. Godard, Canada Dept. .Vines, 
1030, 26. 499. 677, •'Standard Methods for Mines Branch. Rep 728, 1933,76-70). 

Testing Ter and its Products ” 1938 ; P. Spiel- When cobalt ores are treated direct, they aiv 

mann, "The Constituents of Coal Tar"; smelted in low -pressure blast furnaces or cupous 

Longmans, GtvenACo .BntishStandardSpecifi- logefber with fluxes which vary according ta 
cations (various). F. M. P. the nature of the mmeroli present, ubc® 

COBALT Sym. Co, at. wt. 68 M, at no.27. sibca is present in excess, hme is added, and 
Isotopes 67, 69 when lime or alumina is in excess silica or a 

OecufTcnce.— Cobalt usually occurs combined siliceous ore u added to tbe charge. If 
with arsenic or sulphur, and is almost in- slsg obtained bo too viscous, then fluorspar I* 

variably associated with nickel anil other also added. When arsenides are thus 

metals Metalbc cobalt occurs in roeteontes a spciss or araenidc is formed, which is tspp^ 
The most plentiful and important ore of cobalt from the furnace at certain intenals for lutr 
is fmal/iU or tin irAite ro6afr, CoASj. which aequent treatment. The alagobtaineil may cob 
usually contains some nickel owing to tbe tain I to 2^o cobalt, it is re treated 
pretence of cAJoanlAiU, NIAs,, and also furnace by which means its coUll 
iron Sulpliarsenide of cobalt, CoAsS, occurs may be reduced to 0-5% or less. ^\lthsuIplu^ 
as ro^o/tife or eo6af{ gfunce. As hydrated ores, which arc uncommon, a similar tresi™^" 
arvenate, Co,As,Of.8H|0, the metal u results in the formation of a matte or su'pB' ' 

found m cr^lin/e or eolxiU them, and as containing the cobalt which also is sul«>eqof“ 1 

sulphide it occurs in Itniunle or fdialt pyrites, treated for tho separation of the cobalt. 

CO|S(. <4s6ofitr, asMan, or block earthy During the smelting for spews or 
cobalt is csscotiaily trod (hydrated manganese certain amount of iron is allowed to go into 
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product because its presence reduces the amount 
of cobalt able to pass into the slag, and tho 
iron is also usefui in tho subsequent separation 
of arsenic, and in the manufacture of ferro- 
cobnlt. 

Tho speiss ns obtained is crushed, finely 
ground, and roasted in n mccbanically rabbled 
rumacc, the nrsenious oxide which is driven olT 
being condensed in long flues or in some form of 
dust j)recipitntion chamber, collected and re- 
sublimed for sale as white arsenic of commerce. 
This roasting is continued until the roasted 
mass contains 10% arsenic, when it is removed 
from tho furnace and again ground. Tlio 
material is treated with hydrochlorio acid and 
heated and agitated by means of live steam; 
tho cobalt, nickel and copper oxides present 
are converted into chlorides, and tho chlorine 
evolved oxidises tho ferric arsenide to ferric 
arsenate, which, being soluble in hydrochloric 
acid, remains in solution. Tho solution is 
allowed to settle and is then filtered, any 
insoluble compounds including siliceous matter 
being left behind as a residue. The solution is 
nearly neutralised with milk of lime and the 
ferric arsenate is precipitated. Should there bo 
insuflicient iron present to convert all tho arsenic 
into ferric arsenate, iron is added to tho solution 
ns ferric chloride. Any arsenic not precipitated 
by this method, together with any copper 
present, is precipitated by gassing with hydrogen 
sulphide; if tho copper is high in quantity, 
it is separated cloctrolyticall}'. Any iron not | 
previously precipitated is removed by treating 
tho solution with milk of limo until noutral 
to litmus and adding bleaching powder solution, 
then filtering off tho ferric hydroxide. Tho 
solution thus obtained contains cobalt and 
nickel chlorides, together with traces of im- 
purities, and is of a fine port-wino colour. It 
is treated with milk of limo and bleaching 
powder solution which precipitates tho cobalt 
ns hydrated oxide, Co. (OH),. With care, this 
operation can bo so adjusted ns to stop at a 
jKiint where tho red colour of tho solution just 
disapwars, leaving a green colour characteristic 
of nickel chloride, thus : 

2CoCI.-l-CaOCI,-f 2Ca(OH)j-i- H.O 

-=Coj(OH),-i-3CaClj 

Tho green-coloured solution is treated with 
milk of lime, when tho whole of tho nickel is 
precipitated as green nickel hydroxide (T. H. 
Gant, Chem. and Ind. 1925, 44, 157). 

Tho black precipitate of cobalt hydroxide 
obtained ns above is transferred to tubs, where 
it is Imilcd with dilute hydrochloric acid for the 
removal of traces of nickel. It is then filter- 
prvsacd and roasted, being finally wet-ground, 
again treated with dilute hydrochloric acid, 
wn.«hcd to remove soluble limo salt-s and further 
traces of nickel, filtcr-pre.sscd, and again roasted, 
when it is dehydratcel and converted into the 
oxide, COjOj. which is ready for the market 
as such or for retluction to the lower oxide or to 
metal. 

When the product of tho first smelting is a 
matte, as from sulphide ores (New Calctlonia), 
this matte is carefully roasted at a moderate 
temperature only and the sulphides of the metals 


present, iron, copper and cobalt, thus oxidised 
to sulphates. These sulphates are dissolved in 
water and the iron present is precipitated by tho 
addition of the requisite quantity of sodium 
carbonate. The copper and any heavy metals 
present arc separated by hydrogen sulphide, 
which Ls filtered off. After boiling off tho excess 
of hydrogen sulphide the cobalt is precipitated 
by tho addition of sodium hypochlorite (blcach- 
ing-powder cannot be used owing to the presence 
of sulphates in tho solution), and tho nickel in 
the remaining solution is precipitated by sodium 
carbonate. 

At La Panda (Belgian Congo) the cobaltiferous 
copper ores are first smelted for copper in a blast 
furnace and the slag, which contains about 6-5% 
Co, 6% Cu, and 10% Fe, is charged with a 
calenrcous flnx and a little coko into open 
singlc-phnso electric furnaces taking C,000- 
8,000 amp. The product is an alloy containing 
approximately 28% Co, 30% Cu, and 40% Fe, 
together with a slag which is returned to tho 
copper smelting furnace. Tho upper electrode 
is ofgrapbiio/ind the lower eJectrode is embedded 
in tho conducting hearth of tho furnace. Tho 
furnace takes 50-cyclc A.C. at 60 volts and 
consumes about 2,000 kw.-hr. and 8-9 kg. of 
electrodes per ton of alloy produced (R. Sevin, 
J. four elec. 1927, 36, 17, 211). This alloy is 
e.rported to Belgium, where it is treated for tho 
recovery of cobalt and copper. It is crushed 
and treated with sulphuric acid so that tho 
cobalt and iron pass into solution and tho copper 
remains as a metallic spongo. Iron is removed 
from tho solution by tho addition of limo and 
blowing in air, and after further purification 
the resulting cobalt sulphate solution is electro- 
lysed (J. Leemans, Chim. ct Ind. 1927, 17, 
87). 

Until recent years tho only market for cobalt 
compounds was in the ceramic industry, but tho 
metal itself is now largely used for electro- 
plating and ns a constituent of many alloys. 
Tho cobalt sesquioxide, Co.O,, produced as 
above, when heated to a nigh temperature, 
yields tho monoxide CoO. Metallic cobalt is 
produced by heating tho oxido with carbon or 
carbonaceous material, starchy matter often 
being used ; in this latter case tho mixture is 
rondo into a paste, shaped, and cut into cubes 
which arc heated to a high temporaturo in a 
retort. The metal so obtained is not melted 
down and contains a certain amount of free 
carbon. Cobalt is also produced ns a grey 
mctailic powder by heating the oxido in a current 
of hydrogen ; if too low a tompcrnlurc bo used 
(2.’)(r) the resulting metal will bo pyrophoric, 
igniting and Irocoming reoxidised in contact 
with air, the ignition temperature l)cing .3° only. 
Carbon monoxide readily reduces cobalt oxide 
at temperatures nl)ovo 500°, tho reduction being 
very rapid at 900°. Reduction with aluminium 
by the thermit process gives a metal containing 
about 0-1% aluminium (Kalmus, ,1. Ind. Eng. 
Chem. 1014, C, 107). Pure cob.-ilt may bo 
obtaine<l as .a powder liy heating cobalt oxalate, 
Co(CCL)j. A button of the pure metal may be 
obtained by fusing tho oxalate alone ora mixture 
of the oxido and charcoal under a layer of 
suitable glass ; tho fusion is preferably 
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pctfonoed m a bme or magnesia cnieiMe at the COj(CO)^ are formed which melt at 51% an 
highest temperature of the furnace. Pure soloble m alcohol or ether but insolBhle a 
cobalt roar al«o be obtained by electro deposition water, and decompose abore 52® yitJdsc; 
from a suitable clectroMe and by heating cobalt Co(CO}j. which further decomposes at IOC 
carbon} I " (c. CasBONVLs). Cobalt maj be deposited 

PEorEKTns — Cobalt is a brilliant silver- as a fine lustrous coating on metals bv tie 
white metal with a alight bluish twice. It tanLs electrolj-sis of a neutral solution of the doublt 
next to iron as a magnetic metal and ntaios sulphate of cobalt and ammonium. Deposited 
Its magnetism at high temperatures; above on diatomjte bnck, eobalt is a good eatalrrt 
1,100®-1,150®, however, it becomes para- for the hydrogenation of ethylene, causing rapnl 
magnetic. There are two aDotropie mochfica- reaction at —20® (Pea«e and Stewart, J. Amet 
tions of cobalt' a cobalt exists at ordinary Chem. Soc 1927, 49. 2783). 
temperatures and has a stable, elo«e.pacled. Petectiow axd ^tiuatiov. — See Cnwicii. 
hexagonal lattice, but at 400" /} cobalt u Analysis (VoL 11, pp. 553. 578, 580, 612, 656). 
formed, which is stable above this temperature 

and possesses a face-centred cubic lattice. Both Alloys or Cobalt. 

varieties may exist aide by side at ordioaiy 

temperatures, hot a eobalt is the stable form Copper — Cobalt forms with eopper t 

and ^-cobalt the un<tab!e form. Cobalt melts senes of alloys containing no definite cheminl 
at 1,480® and boii-s at 2,375°/30 mm. Itaspecific compounds Two senes of solid soluticpj 
gravity is 8 756 as cast, 8 81 after annealing, are formed containing respectively O-lO^o “'I 
and 8 925 after swaging It is harder and more 93 5-100“o copper, and alloys between these 
teracious than iron, its Bnnell hardness number hmits consist of conglomerates of the tun 
varying between 124 and 130, Its tensile strength sets of solid solutions, soLdification being 
being about 34,400 lb persq in m the cast state, complete at 1,105®, m these alloys also the 
SfiiO^O lb in the annealed condition, and 100.000 magnetic change is lo« ered to 1,050® ; alloji 
lb after rolling, and its campre&eive strength as conlaiiung 90% copper are magnetic (R. 
cast 122,000 lb per aq in , after annealing Sahmen, Z anotg Chem. 1903, 57, 1). The 
117.200lb.pertq in £lectrodepo<>ted cobalt is Bnnell hardness number nf the senes increaws 
harder than the ordinary metal, its Bruiell with additions of cobalt to copper from 2S 
number being 270-311, according to conditions for pure copper to 180 for the alloy cos 
(hlcNauehton and HotherMll. J Electrodep taming DO",, cobalt. Cobalt has a marked 
Tech Soc. 1930, 5, 63) The electrical resist- effect on the electncsl properties of copper, 
ance IS 6 4x10^ ohm per cm* for pure the specific rcsistanee increases rapidly up to 
metal, and 8 96xl0~* for 90 73% samples; 3 2^^ tobalt, at which figure the itsisiaace 
the specific beat between IS® and 10^ is reaches 9 45 microhms per cm.* at 
0-1053 The presence of from 0 06 to 0-3% The addition of 3 to 5% cobalt gives sUoyi 
carbon in the metal increases the tensile and with a minimum tempemturu coefficient ef 
eorapressivestrcngthandtheelectncalresistance resistance of about 0-00077 and a maximoa 
but has httlo effect on the hardness Pure tbermoelectnc effect of 33 zmcrevolts for 1* 
cobalt may le msetuned in a lathe as readily as difference of temperature. Copper alloys cen- 
' pure iron or nickel, but it is somewhat brittle; taming 1-6% cobalt are remarkably dacLie, 
' cobalt containing a small quantity of carbon malleable and tenacious, 

machines like mild steel, and whilst pure cast Odd —Molten gold and cobalt are miscible in 
cobalt cannot be swaged without tracking, all proportions, the freezing-point curve of the 

the metal containing carbon may be rolled or senes having two branches meeting at a eutectic 

swaged down from the cast state nrovided these at 997® containing OCP/o gold. &hd solutions 
operations ate earned out on the hot metat are formed containing 0-5 5% and OCS-lOO^^ 
Jt is soloble m hydrochloric and sulphuric anils gold All the allova are magnetic, the magnetis- 
with evolution of hydrogen, and rapidly soluble abdity falling off with increasing percentages of 
in nitnc acid ; it is not attacked by hot or gold, rapidly at first, then more slowly, 
cold alkali, but if used as an anode ta the Zinc — With line, cobalt forms a series of 

electrolysis of alkaline electrolytes it passes eobd solutions containing 0-5 to 18 5% coWt 

into solution as colloidal cobaltous oxide. The saturated solution contains 13 4% coWt 
Cobalt occludes from 60 to 150 times its own and a eutectic containing 0-5% cobalt sobdifirt 
volume of hydrogen, the amount varying at 413®. The compound CoZn^ w formed 
with the mechanical condition of the meUL at 18'46% cobalt with a melting-point o' 
MTicn heated, the powdered metal combmes 873®. 

with ehlonne. bromine and iodine. Jt decoizi- ^(iiminium.— Cob.ilt and aluminmm form a 
poses steam at a red heat and if finely divided series of allojs of which the freezing-pomt curve 

ignitea when heated in oxides of nitrogen. hasbecndetenninedbyA.O.C.GwjerfZ.snofp- 

and in a eurrent of ammonia gas at 470° forms a Chem 1908, 57, 140). This curve show* a 
nitride. Co^N^ which decomposes at 600*. maximum at 1,628° and 68 5% cobalt cerw- 
Compact cobalt does not oxidise in air at spending to the compound CoAl and 

ordinary temperatures, but it becomes super breaks at 1,165® with 38% and at WO® with ?tr;» 

fieially oxidis^ at a rod heat; sulphur unites cobalt. There are two senes of soLd solntwrii 
with Tvd hot cobalt to form sulphide. JVhen containing respectively 09 5 to 90'5 and 
finely-divided cobalt is heated to 150^-200® 100% cobalt. There is a minimum on w 
in carbon monoxide at ICO atm. pressure, curve at 1,375® and 905% eobalt. The eoi^ 
orange-red crj-stals of cobalt carbonyl, pound CoAl on cooling reacts with the Lqow 
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iridK! in (illoys containing less than G8-o% 
cohalt at 1,165'’ to form the compound COjAlj. 
and again at OtO’ to form COjAI,^. A eutectic 
occurs at 654° containing about 1% cobalt. 
The solid solubility of cobalt in aluminium is less 
than 0 02%. 

Tin . — Cobalt and tin arc miscible in all 
proiKrrtions in the molten state and the freezing- 
foint curve has been determined by K. Lewkonja 
(Z. anorg. Chom. 1908, 59, 294). This curve 
fhoiia that avhen solid, the maximum amount of 
cobalt soluble in tin is 3-5%. Tlierc is a first 
eutectic at 1,088° and 34% tin and the eutectic 
line c.xtcnds from 3-5% to 48% tin, at which 
point Co.Sn forms and freezes at 1,151°. 
There is a .second compound CoSn, which 
forms at 950°; this compound undergoes a 
polymorphic change at 530°. A second eutectic 
frcc-7.es at 230° avith less than 1% cob.alt and 
occurs in all alloys lx;twccn pure tin and the 
compound CoSn, containing 66% tin. 

Chromium . — Cobalt and chromium arc 
mutually soluble both in the liquid and in the 
solid state. At a temperature of 1,320° the 
liqiiidus curve shows a minimum at approxi- 
mately 47% cobalt. Alloys containing 45-35% 
chromium undergo a reaction at 1,225°, at this 
temperature the homogeneous solid solution 
breaks down into two solid solutions. Alloys 
containing 0-45% chromium show a polygonal 
structure containing cobalt-rich cores, the 
chromium increasing from the centre to the 
outside. In alloys containing more than 55% 
chromium the chromium content of the grains 
decreases from the centre to the outside. At 
room temperatures the alloys containing up to 
2.5% chromium are magnctisablc and the 
temperature at which lo.ss of magnetism 
occurs decre.ascs rapidly with increasing 
chromium content, the addition of 10% lowers 
the transformation temperature from 1,050° 
for pure cobalt to 686°, 15% to 300°, whilst the 
addition of 25% lowers it to below room 
tempe-nUnre. 

Ternanj Alloi/s. — Cliromium alloys, together 
with the teniary alloys containing cob.alt, 
chromium, and tungsten, or molybdenum or the 
qiintemary alloys containing all four of thc.-'C 
mct.als, constitute an important cl, ass which are 
known under the name Stellite, from the Latin 
flrlln, for a star, chosen Irccausc of the brilliant 
iwlish such alloys take, and retain when c.xposcd 
to onlinary atmo.sphcric conditions. The 
straight binary’ alloys of cobalt and chromium 
can be cast into bars or other forms and are 
almost file-hard. They are slightly malleable 
when cold and distinctly so avlicn hot, and ran be 
further hanlencd by heating to rcclncss and 
quenching in water. An alloy containing 
cobalt, 25% chromium, and .5% tungsten is 
a distinctly harder alloy which forges at a red 
he.it and fakes a good cutting edge ; this alloy 
is suitable for cold working tools such as chisels 
and woorl-working tools. Much harrier alloys 
are obtained by increasing the tungsten to 20fo* 
at which point they can only l)e forged to a 
limited extent ; and by incre.asing the tungsten 
b’ *•"'%’ C'winc an alloy containing cobalt 00%, 
ehrornium 15%, nn<i tungsten 25%. a very Imnl 
alloy is obtained which cannot be forged but is 


cast into bars which arc subsequently ground 
and used ns catting tools for steel and cast 
iron. Slolybdcnum produces much the same 
cfTcct as tungsten and the addition of Ity/o 
makes an c-xcellent lathe tool. An alloy con- 
taining cobalt 45%, chromium 15%, and 
molyMcnura 40% is very hard, cuts glass, and 
will even scratch quartz. A common range 
for the composition of stellite is cobalt 45-50%, 
chromium 25-30%, tungsten 15-20/O, and 
carbon 2-5-2-75%. For cutting tools this may 
be used a.s cast bars or as tips which arc brazed 
to shanks and blades fitted into slots in milling 
and boring heads. It has also been used for 
giving hard tips to picks, for the hard-facing of 
dies, and for facing aeroplane tail skids and tho 
steel rings of cement kilns. Stelliting is tho 
operation of depositing a layer of the alloy on 
steel or cast-iron by means of the oxyacotyleno 
torch, the atomic hydrogen torch, or the electric 
arc, to form a hard wear-resisting surface. A 
new clcetro-chemical method of chidding 
ferrous products with stellite is described 
by R. R. Rogers (Ind. Eng. Chem. 1935, 
27, 783). Widia is another cobalt alloy con- 
sisting of tungsten carbide containing about 6% 
cobalt. It is used for heavj’-duty lathe work 
and the turning of glass and bakclitc, and is 
probably the hardest known alloy. 

Iron . — Cobalt is an important constituent in 
certain steels, especially magnet steels, and when 
the metal is destined for use in the steel industry 
it is gcncmlly obttiincd ns a mixture of iron 
and cobalt known as fcrro-eobalt. This is 
marketed in tho form of cubes containing from 
16-15% iron and 80-90% cobalt. 

Nickel . — With nickel it forms a series of 
solutions both in the liquid and solid condition. 

Carbon . — Cobalt dissolves 3-9% carbon at 
1,700°, and at tlu eutectic temperature 1,300° 
cobalt rcUins 0-82% carbon in solid solution. 
Tlic eutectic is found to contain only metaUio 
cobalt and graphite but no carbide. 

ELi;cTRori.ATn;a. — Cobalt is used for electro- 
plating purposes owing to the pleasing colour 
and resistance to tarnish of the deposited 
metal. It has been considered that cobalt 
deposits arc harder than nickel deposits, but 
D. ,T. Jlacnaughtan (J. Iron and Steel Inst. 
1924, 109, 410) has shown that under varying 
conditions tho BrincU hardness of cobalt 
deposits may vary between 270 and311, that of 
nickel deposits may vary between ISO and 420. 
A suitable bath contains 565 g. cobalt sulphate 
(crystal), 20 g. sodium chloride, and 30 g. 
boric acid per litre. A current density of 100- 
IGO amps, per sq. ft. may be used and the 
plating may bo carried out more rapidly than 
with nickel (Brass World, 1926, 22, 303). 

Coh-alt as a Cat.vi.yst. — An account of tho 
reactions of olefins in tho presence of metals 
h.as been given by G. EglofT and C. I. Parrish 
(Clicm. and Ind. 1937, 56, 321) in which cobalt is 
included, A cob.alt catalyst prepared by 
calcining the nitrate on pumice followed by 
hydrogen rcrlnction w.as heated in a current of 
ethylene (Walker, J. Phre. Chem. 1927, 31, 
961), no liquids were found up to 5-15° while 
much carbon was deposited. At 400° there was 
40-5% decomposition yielding mostly hydrogen 
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anda«m&U&moantofethaDP, vhlleat&l5*there mseo heated vith magoesia it prodnces a 
Tas 97-4% decomposition into a gas containing pink mass ; vith alumina, a £no blue (Tbenard'i 
principally hydrogen, a small amount of ethane, Uue), and with zinc oxide a green (Rinmaon’s 
and 13 0% methane. Reduced cobalt has no green}. Zaffre is obtained by heating a mixtun 
effect upon ethylene at ordinary temperatoie, of roasted cobalt ore with sand to a temperature 
but aboee 360° the gas was decomposed into below the melting point, (e. in/ni, p. 219e}. 
hydrogen, ethane, and carbon with small Pigments containing Cobalt. — Thtnari'i 
quantities of benzene and its homologuee. It is Blut, Cobalt Blut, Cobalt Ifltromamu, 
less active than nickel but acts aimilarly Blue or Anre Blue.— The compositiou 

(Sabatier and Senderens. Compt. rend. 1897, of this pigment vanes considerably according 
124, 616, 1358; 1900, 131, 267; Ann. Chim. to the method of manufacture. The ongiaal 
Phys. 1905, [viu], 4, 436). Tlienard'e blue was prepared with phosphate 

or arsenate of cobalt and alumina, but now 
COMTOTODS 07 CoBALT. cobaltous oxide and alumina are practically 

always used. Using the onginal method, it 
Oxides.—Therearethreewell.definedoxidesof may be prepared by precipitating a solution of a 
cobalt, namely, cobaltous oxide, CoO, cobaltoaic cobalt salt, usually the mtrate free from iron and 
oxide, CO|0|. and cobaltio oxide, Co,Oj. luckel, with potassium or sodium phosphate or 
CobaUotu oxide is obtained when cobalt is with sodium arsenate. The gelatinous violet 
burnt in oxygen or when oxygen is blown preciptate is thoroughly washed snd well 
through the molten metal. It is also obtamed mixed with 3-6 volumes of freshly precipitated, 
by roasting the powdered metsi in air, by well washed alumina precipitated from a solution 
heating cobaltons hydroxide below 350° in a of alum free from iron by the addition of sodium 
current of hydrogen, or by heating the hydroxide carbonate. The mixture is dried and calcined 
or carbonate in air. It vanes in colour from at a cherry-red heat in a well covered clay 
greenish grey, red, brown, to black, according crucible. Wlien the desired blue colour has 
to metb^ of preparation and size of gram developed the mass is ground in water and dried 
Cohallous Aydroiide, Co(OH},, w precipitated A aiimlsT product may be obtained by the 
when potassium hydroxide is added to a simultaneous precipitAtion of the oxides of 
solution of a cobaltous salt oat of contact with cobalt and aluminium by the addition of sodium 
air as a bine or rose-red precipitate, the carbonate to a mutuie of cobalt nitrate and 
blue IS considered to be CoO.H.O, and alum; the mixed precipitate u washed and 
the rose Cq(OH),, the Utter gradually toms heated as above. 

brown in contact with air forming cobaltio According to Hedvall (Aikiv. Kemi. 3(ia, 
hydroxide Co(OH),. Cdbaitoete extde is Oeol. 19)4, 5, ICo. 16. 1], cobaltous oxide and 
formed superdcially when metallic cobalt is alumina are preferably ignited in presence of 
heated in air or by heating cobaltie oxide or potassiom chloride as a fiux. When the ccbal* 
hydroxide in air; when the prodnet is healed tous oxide is in excess the resulting product 
in hydrogen it is reduced first to cobaltous oxide can be obtained pure by treatment aith water 
and then to metal. CobalJte oxide is formed to remove the fiux and with hydrochlonc acid 
when a concentrated solution of cobaltous to remove the excess of cobalt oxide. At 1,100* 
chloride mixed with potassium chlorate is the blue aluminate, CoO,AI|0( is formed; 
evaporated to dryness, heated to a temperature at temperatures above 1,100° a green alummstc, 
of about 250°, and then extracted with water. 4CoO,3AI|0,. is produced. Wagner and 
On beating to 265° it decomposes, leaving Vanino found that cobalt sulphate could be 
C0}O4, and at a high temperature yields CoO. used instead of phosphate and that the alumics 
Impure forms of hydrated cobaltio oxide are was most suitably introduced as ammonium 
found in various minerals and the oxidation of alum. To 22 parts alum were added 2 5 to 
cobaltous salts in acid or alkalino solutiona 5 parts cobalt sulphate and 0 3 parts magnesium 
nclds these compounds, the composition of the or zuicsu*lpbato: the mixture was melted in its 
bydratedependingonthcconcentrationandtem- water of crystallisation and constantly sfirrM 
peraturo of the solution and the nature of the until dry, after which it was bested to the 
oxidising agent used. The preparation of a required temperature (L. Vanino, Chem -Ztg 
number of definite hydrates has been reported. 191 1, 497). 

including 3Co.O,.2H}0 ; Co,0}.K,0, The Thenard’a blue colours include the 

2Co,Oi.3Hj^O;3COjO,,6H,0;Co,0,.2H,0; range of blues known as " Matt ” blues. These 
CO|0).3H|0. are prepaid by beating cobalt oxide with 

Cobaltous oxide is used for the preparation of ammonium alum or potash alum and alumins 
the salts of cobalt and also of smalt the gloss with the addition of varying quantities of zioc 
obtained by hcatmg the oxide with certain oxide. From 2(>-305o of zino oxide helps to 
fluxesBuchsasand. ItisalsonsedbycnaiaeUera weld the colour to the body in the 
and porcelain manufacturers for the production indust^ without destroying the blue (T. H- 
of the finest blue glaze and colour on porcelain Qant, Cbem. and Ind. lOiS. 44. 160). 
glass and other vitnfiable substances. The Thenard's blue is of a fine ultramoruie 
presence of of oxide imparts a bluish colour ; the presence of excess cobalt imparts s 

tinge to clear glass. The presence of other somewhat greenish tinge. It has, however, 
oxides has an uijunous effect on the colour the disadvantage of appearing violet by gw* 
produced by this substance ; H is thetefore bght. It is one of the roost j*nnan<ut tloe 
necessary, for the more delicate work, to ensure pigments, bemg unaltered by acids or ausli*. 
Its complete freedom from such impurities. and is largely used as an oil and water eoloar, 
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bill worlvs better ns ivntcr colour. It is non- 
poisonous and boa the advantage of miscibility 
nith other pigments without alteration. 

CffTuIeum, c.'olino or bleu celeste, is a corre- 
Bponding colour containing oxides of tin and 
cobalt and calcium sulphate or silica. It is 
prepared by heating together cobalt sulphate, 
tin oxide, and precipitated silica or chalk and 
its general composition may bo oxide of tin 
4D 00, oxide of cobalt 18 00, calcium sulphate or 
silica .81 -08. It may also be prepared by pre- 
cipitating a solution of cobalt nitrate 11101 
sodium stannate and heating the precipitate as 
above. It is a fine light blue pigment of slightly 
greenish tinge, of greater density than Thenard’s 
blue, and retains its colour in artificial light. 

New Blue is a blue pigment of shade varying 
from a pale greenish-blue to a deep turquoise 
blue, largely used for enamels, it consists of 
aluminatcs of cobalt and chromium produced 
by the action of alum on carbonates and 
hydroxides of cobalt and chromium, and the 
subsequent firing of the resulting precipitate. 

Cobalt Green, Iltnmnnn's Green . — The con- 
stitution of tins pigment corresponds with 
that of Thenard’s blue with the substitution of 
rmc oxide for alumina. It has been shown 
to be an isomorphoiis mixture of cobalt zincato 
(CoO-ZnO) with zinc oxide which cannot be 
cliemically separated (J. A. lledvall and T. 
Nilsson, X. anorg. Chem. 1932, 205, 425) 
It may bo prepared by mixing a solution of 
pure cobalt sulphate (or nitrate) into a paste 
with zinc oxide and heating in a mulTlo furnace 
for 3 or 4 hours until the desired colour is 
obtained. Pigments of a more uniform nature 
are produced by the precipitation of n mixture 
of solutions of zinc and cobalt salts by means of 
sodium carbonate, phosphate, or arsenate, 
drying and heating the precipitate. The 
phosphate is said to give a purer and brighter 
green colour than the carbonate. 

Ilmmanii's green is a fine permnnent pigment; 
its colour vanes through many slindcs, according 
to the proixirtion of zino oxide present, the 
darker greens containing less of that substance. 
It is non-jioisonoua and unaeted upon by dilute 
adds or alkalis, but is attacked by ammonia 
It has also the advantage of not aflrecting, or 
being atTocled by, other pigments. 

Turquoise Green is another jicrmancnt green 
pigment prepared by firing a mixture of cobalt 
oxide, alumina, and chromium oxide, or somc- 
tiincs the following proportion of freshly pre- 
iqiitated substances are fired: C0CO3 20, 
AljOj 40, CCjOj 20. 

VolutU Bronze is an ammonium cobalt plios- 
pliatc of a violet colour, with a bronze-hke 
nil tallie lustre. 

Cobalt i’ettow, I'lschcr's salt, aurcolin, Indian 
vtllow, consists of potassium cobaltinitrito 
prepared by the addition of polassnini nitrite 
to a solution of a cobilt icilt acidified with 
acetic acid. Its comi>osilion vanes with the 
projxirtiona used and the strenctli of the 
solution. Lnlmann and Sadtlcr found that 
when precipitated from a solution containing 
much acetic acid, it consists of KjCofNO.), 
with a variable amount of water. It is a bnglit 
villow crystalline powder, very free from 
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impurities, unacted upon by cold water or cold 
acids, and but slowly blackened by sulphuretted 
hydrogen. It forms a fine pigment for artistic 
purposes and when used for painting porcelain 
it produces on baking the usual blue colour, 
which is of great beauty. 

Cobalt Brown is produced by calcining a 
mixture of ammonium, ferrous, and cobalt 
Buljihatcs. 

Cobalt Bed is produced by heating a mixture ol 
magnesia and cobalt oxide. Solid solutions are 
formed the colour of which varies with the 
proportions of the oxides from light to dark red 
(Hcdvall, Z. anorg. Chem. 1914, 86, 290). 

Smalt, Bleu d’Azur, Bleu de Saxe . — This 
important substance consists essentially of a 
potassium silicate glass coloured with cobalt. 
In the preparation of smalt in Saxony, smaltinto 
13 principally used. In Norway and Sweden 
the principal ore is cobaltite. The general 
process is the same for both ores. The selected 
ore is powdered, freed from the lighter earthy 
impurities by a process of washing or con- 
centration and roasted in a reverberatory or 
mullle furnace. The arsenic and sulphur aro 
expelled ns oxides, the former being condensed 
in chambers. The roasting should be continued 
until only sufficient arsenio is loft to combine 
with the less oxidisnble metals, especially copper 
and nickel, while the greater part of the cobalt 
is converted into oxide. The product is known 
ns znlTrc or zaffler, which is sometimes con- 
sidered ns a crude oxide of cobalt and some- 
times ns a basic arsenate and is used for painting 
on porcelain. Towards the end of the process 
of roasting a small portion is occasionally 
tested and the process stopped when the 
finest tinted glass is produced. The material 
IS then ready for fusion for “ smalt.” 

The fluxes used consist of powdered quartz 
and potassium carbonate. They must bo very 
pure, ns the presence of lime or many other 
substances impairs the beauty of the colour. 
The proportions of the ingredients vary accord- 
ing to the richness of the ore and the colour 
required. The potassium carbonate used 
generally amounts to about one-third of the 
weight of the zaffre and quartz together. 
Al'hito arsenic is sometimes added to reduce any 
feme salt and thus prevent the injurious cfTect 
of that substance on the smalt and otherwise to 
heighten the colour of the product. The 
exact amount of each substance is found by a 
test fusion and comparison with a smalt of the 
required colour. 

The mixture is melted down in crucibles or 
pots made of vciy" refractory clay, free from 
lime; these pots arc strongly heated and the 
mass fuses in about 8 hours, it is frequently 
stirred to render it homogeneous and to break 
the crust which forms on the surface. The 
quartz and potash react with the formation of 
fusible potassium silicate, which dissolves 
the cobalt oxide forming the blue smalt, while 
the mixed arsenides of nickel, copper, and iron 
with the small quantity of cobalt arsenide 
which is always present fuse and form a brittle, 
metallic-looking rpeiss bcne.ath the smalt. 
Tins usually contains about 3% cobalt and a 
considerable quantity of nickel and these arc 
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reeOTeml. The maas is left at a high tempeia* 
ture for some time without stirring, to allow 
the spetss to settle, and the smalt is then ladled 
out into TEssels of cold water. It »a tKm 
rendered granular, brittle, and easy to puKertse. 
The blue glass is nest ground under water 
and the product passed through a senes of 
depositing rata for sizing, the coarser portions 
being reground and the finest portions being 
remelted if necessary. The marketable portions 
ate dried and siftM. The presence of otides 
other than those of cobalt and potash, even m 
small quantities, exerts a powerful infiuenre on 
the colour of the smalt. Baryta produces an 
indigo tmge: sodium, calcium and magnesium 
produce a reddish shade , iron, a blackish-green 
very prejudicial to the brighter coloured amalts , 
manganese, violet j nickel, v lole t , but less intense ; 
copper, zinc, bismuth and antimony, dull 
shades. 

The composition of smalt varies considerably , 
the silica is usually from 5G-70^o, potash 12- 
22%, cobalt oxide C-IG% j it frcquentlj contains 
small quantities of alumina, ferrous oxide, and 
lime. Smalt is a very permanent blue pigment 
largely used for the production of blue colours 
with vitreous substances It was formerly used I 
for colouring starch, paper, etc., but for this | 
and many other purposes it is now almost 
superseded by artificial ultramarine, which, 
however, is far less permanent. 

Uses of Cobalt m the Ceramic Industry. 
—Id the furra of oxide, cobalt is largely us^ 
in the ceramic industry m threo mam ws}8 

(1) As a body stain. (.’) as a glaze stam, and 
(3) as an underglaze or on glaze staio. 

(1) As a bodystain cobalt is used because the 
clays used for nearly all pottery bodies contain 
iron which cives a yellow tmge to the fired goods 
The added cobalt counteracts this hy pro- 
ducing a complementary blue coloration wWh 

tralisca the yellow and gives a pure white 

aloUT. For carrying out this process black 
/ oxide of cobalt is mixed with about 10% of 
china clay, thoroughly ground with water, 
and pa-xs^ through a 200 mesh sieve. Tbe 
product 13 added to the pottery body in tbe wet 
state in the proportion of about 1 lb cobalt 
oxide to I ton of dry pottery body. The 
exact quantity necessary w determnied by 
trial. Sometimes the cobalt is added as 
chlonde For colounng bodies ranous shades 
of blue, cobalt oxides in larger quantities are 
used, in combination with oxides of manganese, 
nickel, and chromium, all shades of blue and 
green may bo obtamed with cobalt oxide 

(2) As a glaze stain the use of cobalt is most 
widely known m potteiy manufacture because 
of the rich blue colours possible. The charac* 
terutie royal blue colour is obtained by 
adding 5% cobalt oxide to a glaze of high lead 
content. The oxide may be introduced either 
m the raw state or after fusing with a soft fnt 
in a crucible, running into water, and grinding 
with the necessary quantity of glaze. All 
shades of blue, blue green, celadon glazes, etc., 
may be made by mixing tbe cobalt oxide with the 
oxides of iron, chromium, manganese, copper, 
and nickcL 

(3) For under giszes or on-glaze colour stains 


either smalt blue, which gives an intense 
Tiolet*blue colour characteristic of cobalt 
ulicate, or Thenard's blue, a rich turquoise 
blue cbaractenstic of cobalt nluminate, may bo 
used, 

Exauezs. — In the form of smalt cobalt u 
used for the colouring of blue enamels. The 
oxide IS sUo used in small quantities in the 
production of white enamels, thus neulrolisin" 
any yellow due to the presence of iron. By 
the addition of cobalt oxide to certain taw 
reistures and waste enamels a beautiful Muck 
enamel is produced which when added to other 
black enamels mtensifies tbe colour; the coo. 
pounds such as sibcate, aluminate, and phosphate 
are largely used, as they giie a more uniform 
colouTiog than the oxide. Cobalt oxides up to 
0 5% are also used m the prepatation of ground 
enamels for enamelling iron vessels. These 
oxides are found to increase the adherence of 
tbe enamels (T U. Gant, { c ). 

Sulphides . — Cobailout tulpJtide, CoS, ii 
formed w hen sulphur is projected on to red hot 
cobalt. Its formation being attended by incan- 
descence and fusion The freezing point curve 
of the system Co-S has been deternuned 
up to 33 5% sulphur by K. Fnednch 
(.Metallurgie. lOOS, 5, 212) and indicates tbe 
formation of the compounds Co^Sj, Co.Sj. and 
CoS. The following sulphides have auo been 
reported by various workers; COjS, CO184, 
COfS), CoS}, and COjS}. 

Arsenides.— The compound CoASj occurs 
in the mineral thiltervdite m Korway, and 
CoAS} occurs to the important mineral nulldt. 
The freezing point curve of the Co-As senes 
bas indicated tbo existence of the compounds 
Co<A$}, Co.As, Co.AS}. and CoAs (K. 
Friedneb, hletallorgie, IVOS, 5, ISO). Tbo 
compounds COjAS}, CoAs. and COjAs, have 
been prepared by Pucelliez (Compt. rend. 190S, 
147. 424). 

Antlmonldes.— Tbo compounds CoSb and 
CoSb, hare been indicated during the ezsmma- 
tion of tbe Co-Sb senes by Ducelliez (Compt. 
rend. ms.Ul, 1048). 

Nitrides — The nilnde Co,N is desenbod by 
Beilbyand Henderson (J.C.S. 1901, 79, 1251) ; 
the nitride Co.N. by Vournosoa, Compt. rend. 
»919, 168. 860; Bergstrom, J. Amer. Cbem 
Soc. 1024, 48, 2631). The ozide Co(N,), w 
highly explosive (Wohler & Martin, Ber. 1017, 
50. 680 ) , . , 

suicides. — When metallic cobalt is healed 10 
1,200*-1,300® in silicon tetrafluonde vapour, tbe 
compound CO|SI is formed as grey metaluo 
crystals. This same compound, together with 
CoSI and CoSI|. has been prepared in dertne 
furoacce. Other sdicidea have been reported 
by Jenge (Z. enorg, Chem. 1921, II8, 105). 

CAnBOXYLS. — ^There are two carbonyls m 
cobalt, the tetracarbonyl. CO}(CO)|. and tbs 
tricarbonyl, Co(CO),. Tbe tetracarbonyl « 
prepared as follows; cobalt oxalate is 
until completely converted into the oxide, wbIfD 
fa then washed free from traces of chlono« 
which binder the formation of tbe carbony*. 
and dned at 120*. The oxide fa i* 

suitable apparatus and reduced to cobalt 10 
means of hydrogen at 300®, and a pressure 01 
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ntmo>!phcrc3. After reduction is complete the 
lijdrogcn is displaced by carbon monoxide, the 
pressure l>ping increased to from 40 to 250 
ntmosphercH and the temperature reduced to 
150'’-250'’, rvhen varying quantities of carbonyl 
arc collected in a tube attarhed to the outlet of 
the apparatus and immersed in a freezing mixtirrc. 

The tctracarbonyl forms orange-coloured 
crj’slals of sp.gr. 1-73 which melt at 51° and 
decompose above that temperature. It is 
insoluble in water but is soluble in most organic 
folventa and in nickel carbonyl. It is not 
attacked by aqueous acids, but concentr.ated 
acids and the halogens decompose it forming the 
corresponding salt, carbon monoxide, and 
hydrogen : 

Coj(CO)8-f2HjSOi=2CoSOi+8CO-l-2Hj 

In contact with air, a deep violet- coloured 
compound is formed which is most prohablj- a 
hydrated basic carbonate. Tlio crystals aro 
Iresl preserved in a sealed tube in an atmosphere 
of carbon monoxide. When the tctracarbonyl 
is heated to C0° one quarter of the carbon mon- 
oxide is evolved at a regularly decreasing rate, 
leaving cobalt tricarbonyl, no intermediate 
product being formed. When heated to 100°, 
ono-quarter of the carbon monoxide is evolved 
almost instantaneously, the rest coming off 
very irregularly and comparatively slowly 
(Mond, Hirtz, and Cowap, J.C.S. 1010, 97,798). 

Nitric oxide reacts with cobalt tctracarbonyl 
slowly at ordinary tcmjicraturc, but instan- 
taneously at 40°, partly decomposing it into 
tricarbonyl and carbon monoxide and partly 
converting it into the nitroso-tricarbonj-l 
ColCOljNO, which is a cherrv-red mobile 
liquid (.Mond and Wallis, J.C.S. 1022, 121, 33). 

Salts of Cobalt. — ^Thc soluble salts of cobalt 
are prepared b^' the solution of the oxide, 
carbonate or met.al in the various acids. They 
arc generally pink and dcliq\icsccnt, forming 
pink solutions when dilute, but when dried or in 
concentrated solution they arc blue. I'or this 
reason solutions of chloride or nitrate of cobalt 
arc used as sympathetic inks, such writing being 
alninsl invisible until brought near a fire, 
when the letters appear blue. They gra<lunlly 
reabsorb moisture and against bceomc invisible. 
This change in colour has also been used for 
pn'paring " floral hydrometers” by tinting 
artificial flowers which in damp weather remain 
pink but in dry weather tiirn violet or blue. 

IVhcn ammoni.a is added to solutions of cobalt 
salts oxygen is absorbed, giving rise under 
various conditions to many comjdcx scries of 
salts containing ammonia and known ns cobalt - 
nmminc salts which have received much atten- 
tion (r. CmuiDjXATin.v Co.vrofXDS) 

CobilSoui Jlunridc, CoF., is prepared by 
heating the chloride with ammonium fluoride 
in a current of hydrogen fluoride, and forms 
nise-coloured prisms slightly soluble in water 
(roulcnc. Compt. rend. fS92, 114. 142(5). The 
hydrated fluoride, CoF..2H.O. is prvparcsl by 
di-solving the oxide or carlKinatc in hydro- 
fluoric nciil ; on ev.aporation roso-red cry.-t.ds 
of the nl>f)ve ccunposition are dejwsited 
(Kdmin«tcr and Cooper, J. .Vmer. Chem. S^oc. 
1020, 43, 2410). 


Cobnllic fluoride, C0F3, has been prepared 
by O. Ruff (Z. .angew. Chem. 1928, 41, 739) 
and by 0. Ruff and E. Ascher (Z. anorg. Chem. 
1929, 183, 193) by the action of fluorine on cobal- 
tous chloride in a quartz tube at 150°. When 
heated to 2.50° in hydrogen it is reduced to 
cob.iltoiis fluoride, the reaction being complete 
at a red heat. 

Coballom chloride, CoCU, is obtained by 
warming powdered metallic cobalt in chlorine 
gas; it ignites, forming blue crystaDine sc.alcs of 
the anhydrous salt which can be sublimed in a 
current of chlorine. It is also prepared by 
dissolving the oxide or carbonate in hj’dro- 
chloric acid and evaporating the solution. 
According to the tempcr.aturo at which it 
crystallises, it may contain 6, 4, or 2 molecules 
of water of crystallisation, the last at the 
higher temperatures. The commercial salt 
contains C molecules of water and is violet in 
colour. 

Coballous bromide, CoBrj, is formed ns a 
green fused mass of the anhydrous salt xvhen 
bromine vapour is pa.sscd over metallic cobalt 
at a red heat. This salt absorbs water from 
the atmosphere, yielding a dark red liquid 
owing to the formation of CoBrj.BH.O. 

Cohalloue iodide, Colj, is produced in the 
anhydrous state by heating metallic cob.alt in 
iodine x’apour. It is also obtained with evolu- 
tion of heat when finely-divided cobalt is warmed 
with iodine and water. 

Coballous sulphate, CoS04,7H20, is pre- 
pared by the solution of the oxide or carbonate 
in dilute sulphuric acid. It crystallises in red 
crystals isomorphous with magnesium sulphate 
soluble in 24 parts of cold water. The following 
hydrates CoSO^.BH-O, CoS04,4HjO and 
CoSOj.HjO arc known, each of which on 
heating loses its water forming an infusible, 
opaque mass of a rose-red colour. 

C^iallie sulphate, 003(804)3,181-1,0, is 
obtained when a cooled acid solution of cob.altous 
sulphate is clcctrolyscsl in a divided cell. It is 
deposited in blue needles soluble in water, which 
.solution rapidly decomposes into cobaltous 
sulphate. It has also been prepared electro- 
lytically by S. Swann, jun. and T. S. Xanthakos 
(.1. Amer. Chem. Soc. 1931, 53, 400), who h.ave 
shown that it has strong oxidising properties 
towards many organic compounds. 

Coballour nitrate, Co (NO,),, in the 
anhydrous form, has been prepared by A. Guntz 
and 1'. Martin (Bull. Soc. chim. 1909, [iv]. 5, 
loot) by the action of nitric anhydride or of a 
.solution of nitric anhydride in nitric acid on 
hydrated cobaltous nitrate and also by the 
action of finely -divided metallic cobalt on a 
solution of silver nitrate in liquid ammonia. 
In this form it is a slightly pink powder which 
l)cgins to decompose at 100’-10.5°. The 
hydrated nitrate, CofNOjlj.GH.O, is obtained 
by <lis,solving the oxide, hydroxide, or car- 
Imnate in dilute nitric acid, when a carmine red 
.■•olution is obtained .and on evaporation this 
furnishes reddish-brown deliquescent crystals. 
Other hydrated nitrate.s containing nine and 
three molecidcs of water have Ixan prepared. 
Cob.alt nitrate solution is used ns a reagent in 
blowpipe analysis. 
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Uses or Cobalt Salts Paists ak® 
Vassosbes.— C crtAin cobalt salts, such as the 
acetate, borate, resmate, oleate, liooleate, "oleo- 
resinates,” benzoate, "tungate,” and cobalt 
as hydroxide are used as dners m the manu- 
facture of raints and Tarnishes. Orgazuc i 
of cobalt have been found to be the most 
conrenient and efficacious dners and hare the 
additional adrantage of causing no discoloration 
of the paiot. To some extent cobalt salts also 
enable the lower-pnced semi drj’ing oils each as 
soya, fish, and even cotton seed oils to be subati- 
tutedfor the higher priced bnseed oil m the prepa- 
ration of paints. The dners in the liquid and 
solid forms are also used in the manufacture of 
waterproof fabnea, linoleum, oilcloth, patent- 
leather, artificial leathers and similar industries. 

^Vben the acetate is used for drying linseed 
oil, from 0 2 to 0 4% is necessary. The oil is 
heated at 150°-200° and the acetate is etirred 
in until dissolved. Soja oil is treated similarly 

The borate is prepsred by adding a solution 
of cobslt sulphate to a cold solution of borax ; 
the precipitate formed is filtered washed with 
cold water, and dned. 

Tho benzoate is prepared by adding cobalt 
carbonate to a solution of benzoic acid ontil 
neutral ; the filtered and dned product is 
ground to powder. 

For the preparation of the resmate the beat 
American water^white rosin is used which 
ahould be completely soluble in turpentine and 
ether, ha>e a roeltmg pomt of 75*-6S^ and a 
aaponification value of 167-180. The resmate 
may be prepared either by the precipitation 
or tho fusion method. For the precipitation 
method the ream, suspended in water, is heated 
to 100° and a 20% eolation of eodium hydroxide 
U gradually added with etimng. A solution of 
sodium chlonde u then added to the clear brown 
solution The precipitate of eodium resmate is 
dissolved in hot water and a 10^^ solution of 
cobaltous chlonde is added to precipitate the 
sage green cobalt resmate which is washed and 
dned. The fused resmate is prepared by beating 
the resin to 140° and adding cobalt hydrate 
with constant stirring. The temperature is 
then raised to 170°-I80° and the melt poured 
into pans and allowed to cool. The prrripitnled 
reeinate contains about 7-5% cobalt and the 
fu*c<l rcsinate 4—1 23%. 

The fatty acid driers arc usually made with 
linseed oil. although other oils, such as so^a. 
tung or walnut, arc sometimes used. The Lnsc^ 
oil IS completely saponified by gradually adding 
10^0 eodium hydroxide to tho oil heated to 
100°. The clear brown solution is then diluted 
with hot « ater and a solution of sodium chlonde 
added. The granular soap formed is removed, 
redissolvcd in water, and reprrcipitated with 
bnne. The purified soap is again dissolved in 
water and a 10^^ solution of cobaltous chlonde 
eolation added. The precipitated cobalt “lino* 
leatc ” is filtered, washed, and dned at 80*. 

When 1 6% of a good drier is dissolved in 
hnseed oil at a temperature of about 120* it 
should cause a thin film of this ^il to dry at 
room temperature to a removable shin in 7-8 
hours (f(. T. H. Gant, I c.}. 

C. 0 B. 


COBALT BLOOM. Erythnte, hydrated 
cobalt arsenate, CojAs,0^8H.O. It is found 
frequently as a peach*coIoared incrustation oq 
anenical ores, being produced by their de- 
composition. 

COBALT BLUE or THENARD’S BLUE 
V. Cobalt, this vol. 21Sc. 

COBALT BROWN, BRONZE, GREEN, 
RED, YELLOW f. Cobalt, this vol. p.21!)e. 

COBALT-GLANCE, SULPHARSEN- 
IDE OF COBALT r. Cobalttte. 

COBALT PYRITES, LINN>CITE ». 
Cobalt., this vol. p 2146. 

COBALT SPEISS r. Cobalt, this vol. 
2l4<f. 

COBALTITE or COBALT-GLANCE. 
Sulphatsenido of cobalt, CoAsS, contaimng 
Co 25-35%. with Fe 2-5%. It frequently 
occurs as well-developed crystals, fine specusrns 
commg from Tunaberg and H&kansbods m 
Sweden and Bkutterud in Norway; these are 
cubic with parallel hemihednsm and with the 
same characteristic form as crystals of the iso- 
morphous mineral iron-pyntes. Granular and 
compact masses also occur. The colour is (in- 
white with a reddish tinge and a bnUisnt metslhc 
lustro ; the streak IS greyish black. SpgT.62, 
hardness 5}. A bed of pure eobaltite aversgiag 
0 2 m in thickness occurs at Dosbkessan. Govt 
Tifiis. Caucasus In the Cobalt area of Ontario 
massue cobaltite and small crystals are present 
with the more abundant smaltite. Under the 
name sehta the mineral, found at Kherti, m 
Bajputana, is used by the Indian jewellers for 
producing a blue enamel on gold and ^ 

COBLACt Cellulose Plastics 

COCAINE AND OTHER ALKALOIDS 
OF ERYTHROXYLUM SPECIES. The 
genus Erythroxylum iFam. Erylhroxjlaccw) is 
print. pally found on tho western side of South 
America, although indigenous apeciw occur in 
Indio, Africa and Australia Chiefly three 
kinds, denved originally from Bohvia and Peru, 

I cultivated 

. Eiyt^rojy/um cota. 

I E.eoca, \ar. iiotxiyrana/ense (=E. cortAa- 
gense Jacq } 

3 E truzillenae Rusby (E- Spruffanum) 

On the London market four Linds of coca 
leases are distinguished' Iluanuco (Bolivun, 
from !) , TruxiUo (Peruvian, from 3); <!•'» 
(from 2), Ceylon (from 2 or 3). 

The alkaloids obtained from coca leave* 
fall into four groups, viz : . 

1. The eoeatnt*, which on hydrolysis yieW 
eegomne, methyl alcohol and benzoic, cinnamie, 
or truxillic acids : 

Cocaine' Methyl benzoylecgonine. 

Cinnamoylcocaine. Jlethyl cmnamoylecgowne. 

o TnixiUine (yisatropy Icoeame) : Methyl a* 
truxilloyleegomnc. . 

p-Truxilline (6 isatropylcocaine) : ilethvi p- 
truxiUoylecgonine. , 

2. The pteudolropeints arc closely reutea w 
the tropemes and are hydroJye«l 

tropine and an acid. 

Tropacocaine : Benzoylpseudotropme. 
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3. Tho acylecgonine3 in which the carhoxyl- 
group is free nnd only the alcohoL'c group is 
cstcrificd : 

Bcnroylccgonine. 

4. The hygrines, which arc derived from 
pyrrolidine : 

Hygrino nnd Cnscohygrinc. 

Tlic two most important producing countries 
of coca arc Bolivia nnd Jnvn, but it is difficult 
to judge tho world production of eocn-lcavcs. 
In South America n considerable amount of 
crude cocaine is manufactured which docs not 
come into tho following statistics. 

Export of Coca Lf.aves (From tho Annual 
Beports of tho League of Nations (nos. in kgs.) : 

1032 1033 1034 1035 1030 

Bolivia 347049 335807 203011 170189 131955 
Dutch 

Indies 209131 101591 104671 125155 117204 
Fonnosa 7 44598 44598 04598 49598 

Peru 85542 70770 72374 89721 107890 


Wifiiin the last years the coca production has 
much decreased, in 1924 Java produced 
ns much ns 1,071,000 kg. At tho same 
lime tho number of coca plantations has 
decreased from 112 to 57 and tho cultivated 
area from 2,112 to 804 hectares. Details of 
tho production may bo obtained from tho 
Annual Reports of tho League of Nations. 
Tho total alkaloid content of Java leaves 
is higher than tho total alkaloid in South 
American coca. In diflcrcnt years tho yield of 
total alkaloids varies considerably (Java, 
1908; l-2-5%; 1909: 1-22%). 90% of 

total alkaloids present in South American coca is 
/•cocaine, Java coca contains only 0-5% 
cocaine, tho same percentage of cinnamyl- 
cocaine, nnd approximately 1% of truxiUinc-s, 
but tbeso alkaloids can easily bo transformed 
into /.cocaine. Coca-lcaycs experimentally 
grown in India contained 0'4-4)'8% total 
alkaloids, chiellj’ cocaine (quoted by Henry, 
“ Plant Alkaloids,” 2nd cd., 1924, p. 90). The 
market for Jnvn coca la Amsterdam; tho London 
nnd Hamburg markets deal mostly with coca- 
leaves of other origin nnd with crude cocaine. 

The coca plant is n shrub which, when care- 
fully cultivated, can bo grorni for about 20 years. 
The leaves are plucked in the early morning 
nnd must l>c dried nnd ground the same day; 
they are then packed nnd shipped in tin bo.\cs, 
avoiding any access of moisture, which is 
deleterious to the alkaloid content («e MnrtcU, 
Pharm. Zentr. 1928, 69, 551). 

For history of coca, botanical details, ciiltiva. 
tion, etc., tet Tschirch “ Handbuch dor Pharnia- 
kognosie ” (Leipzig, 192.3, vol. Ill, 1, pp. 309- 
32r>). 

Exnumox of Coca. — Either coca-leaves or 
enide cocaine of South American origin arc 
cxtmrted. The genera! outlines of the e.xtrac- 
tiens are known, but many details, r.g. the u.se of 
solvents nnd the preparation of different cocaine 
salts, are kept secret by the manufacturers. 

Tljc leaves are either exfractctl with dilute 
neids (s'c Ullmnnn. “ Enivklopfidie der tech- 
niwhen Chemie," Berlin, 1929, vol. Ill, p. 453) 
or mnisteneel with lime water or soda-solution 


and exhntisted with EtjO or benzene {see 
Diiilius, (3hem.-Ztg. 1930, 64, 31, or Schw3-zer, 
“ Die Fabiikation der Alkaloide,” Berlin, 1927, 
pp. SSff). Also extraction processes with 
H.SO^-f EtOH ns solvents (Squibb) and many 
other modifications arc known. 

(а) Extraction suitable for Java coca : The 
leaves are e.xhnusfcd with dilute H2SO4 ; 
after careful addition of soda tho total alkaloids 
are extracted mth benzene or toluene. Extrac- 
tion of these solvents with 10% H,S04 yields 
a solution of tho crude total sulphates. Tho 
total alkaloids arc hydrolysed with a small 
c.xcess of dilute HjS04 (boiling for 12-18 hours), 
when MeOH, benzoic, cinnamic, truxillic acids, 
nnd cegonino arc formed. -The acids are 
removed and the mother-liquors concentrated ; 
from the concentrated solution eegonine is 
precipitated by EtOH. Thus all eegonine 
present as cocaine, cinnamylcocainc, and tho 
truxillincs is available for tho subsequent 
“ synthesis ” of cocaine. Eegonine is first 
esterified with MeOH nnd H0SO4, and then 
bcnzoylatcd with bcnzoj’l chloride or benzoic 
ncid-b POCI3. 

(б) Extraction suitable for South American 
coca : Tho leaves arc moistened with limowater 
nnd extracted with Et.O. Dilute acetic acid 
extracts the total alkaloids from tho ethereal 
solution. Crude cocaine is precipitated with 
soda-solution. This is dissolved in approx. 
10% ncotio acid, and at a tomperaturo not 
exceeding -fO® impurities are o-xidised with 
permanganate until tho red colour persists for 
30 minutes. The solution is then neutralised 
with ammonia and the total alkaloids pre- 
cipitated with 5% soda-solution. Tho dried 
precipitate, which is br04vn in colour, is dissolved 
in Et,0 nnd manganese dioxide filtered off. 
The ctTjercal solution is concentrated, when'puro 
cocaine crystallises out. Tho mother-liquors are 
completely freed from EtjO and treated with 
light petroleum, which dissolves any cocaine 
still present. The residue consists largely of 
isatropylcocaine, which is hydrolysed and 
transformed into cocaine ns mentioned above. 

Anai-yses of Coca-leaves. — Tho official 
“ Amstcrdam-analysis ” of coca-leaves is not 
published, the values obtained include cinnamyl- 
cocaine nnd truxillincs. In Ixindon nnd in 
Hamburg tho content of crude cocaine is given 
according to tho methods of Harrison nnd of 
Gilbert. Tho estimation is based on the extrac- 
tion of tho leaves with a mixture of EtjO, 
CHClj nnd ammonia. The organic solvents 
arc then exhausted with dilute H2SO4 nnd tho 
b.a,sificd solution re-oxtrnclcd with'Et.O. The 
cvaporatc'l c.xtract Is dissolved in excess of 
jV/lO H.SO4 nnd titrated back with A’/OO KOH 
using cochineal or iodeosin ns indicator (sec 
“United States Pharmacopoeia,” Sth Rev.). 
Other descriptions use light petroleum ns 
extraction medium ; tho further process is 
similar, the alkaloids from the ethereal solution 
being dried to constant weight nnd then weighed. 
Sec also critical survey of Bierhng, Pape nnd 
Vichover (Arch. Pharm. 1910, 248, 303) and 
de Jong (Arch Pharm. 1911, 249, 209). 

For microchemic.il identification of cocaine in 
plant material, see Klein nnd Sonnlcithncr 



(Oesterr. Bot. Zeitsctrifl, 1927, 76. 263) and 
Brendstctter (Cbetn. Zentr. 1922, IV', 729). 

Official in the “ British Pharmacopofia,** 1932, 
are : Cocaine and Cocaine HCt ; official cocaine- 
coataining proscnptions are : Lataella Cocauuc 
and Lozenge of Knimenx et Cocainse. 

Official in the United States Phamacopoei 
103G, are: Cocaine and Cocaine-HCl. 

Cocaine (I). C„H„0,N, [a]” -16 4* (in 
CHCIj), tn p. 98*, Tolatilo abQ\e 90®, crTstalhses 
from EtOH in monoclinic, four- to aix-aided 
pnsms It IS easily soluble in EtOH (1 part m 
10 parts), Et,0 (1:4), benzene, carton disul- 
phide, CHCIj (1 : 0 5), acetone and hght petro 
leum, slightly soluble in HjO (1 600) The 
saturated aqueotis solution is alkaline to btiniis, 
has a slightly bitter taste, and produces numb- 
ness when apphed to the tongue. 

(1) 13 precipitated from solutions of its salts by 
ammonia, caustic alkalis, and atkah carbonated 
When (1) IS toiled with HjO bcnzoyiecgonine 
and MeOH are produced; hydrolysis with 
mineral acids and with caustic alkab yields 
1 tegonint (Il)and d jutudotegomne respectively, 
together with MeOH and benzoic acid. Alka 
line hydrolysis is 1,500 times more rapid than 
acid hjdrol^sis. 

For dissociation constants of (I) and (II), 
see Koltboffi (Biochem Z. 1925, 162. 309-12). 
For test for identity and punty, »ti “Bntish 
Pharmacopccia," 1932. p. 124, and "United 
States PhamucopcEia.'’ 1936, p 123. 

Cocaine Hydrochloride is tie salt chieAy 
used in medicine It cnsUllses from EtOH 
in short pnsms, 7195® (m aqueous 
solution), m p. 200-202*. The salt is soluble 
in 0 5 parts of H,0 and in 3 parts of 90^« 
EtOH Test for purity (“Ilntish Pharma- 
copccia,'’ 1932) to 5 miUditres of a 2% aqueous 
solution add 0 3 milMiCres of Njl HjSOj and 
then 0 5 millilitres of .V/50 permanganate 
solution , a clear violet colour is produced, 
which in the absence of dust and at 
temperaturo not exceeding 20® does not co 
pletely fade within 30 minutes (bmit of reducing 
substances and of cinnsmylcocame) Similar 
teat for punty in •* United States Pharma- 
copaia," 193G. 

Maclagan's Teat . If a lO^g ammonia solution 
is added to a solution of pure (f) HCI. a crystal- 
line precipitate of (I) must slowly be formed, 
a milky appearance indicates th^ presence of 
amorphous alkaloids, especiaUy truziUioes (for 
details of test and other tests, «ce "Bntish 
Pharmacopteia" and *' United States Pharma- 
copccia "). Cocaine does not give characteristic 
colour-reactions; for V'ltali's colour-reaction, 
tee Hanly (J. Pbarm. Chim. 1921, (viij, 24, 325) 

Other Salts: (I) HjCrOj.HjO, m p 127®, 
sparingly soluble in H.O, is produced when 
pota.Mium chromate is addcil to an acid solution 
of (I) HCI Other sparingly soluble salts are 
B.HjPtClj, B HCI HgClj. BHI l, (per- 
iodide), etc. (I) HCI forms spmngJy soluble 
precipitates with Mayer a reagent, phospho- 
molyUlic, phospbotiingstic and silicolungstie 
acids (we Itoscntbalcr, “ Dcr Xachw CM organ 
ischer Verbindungen," 2nd ed , p. 732). 

For quantitative estimation of (I) and 


(I) HCI. see Heikel (J.C.S. 1909. 96. 11. IW). 
Kyman-Bjorksten (Z. anal. Chem. 1915,51.6’)! 
Gar^ and (2ollie (J C.S. 1901, 89, 675)! 
Klein (“ Handbuch dec Pflanzenanalyse,” Wtea! 
1933, s-ol. IV', part 3/1, p. 540). (1) may be 
identified by the absorption spectrum, Bnistier 
(A. 1927, 91); Eisenbrand (Amer. (Them 
Abstr. 1926. 20. 2722); CastiUe and Ruppol 
(A. 1928. 920) ; Bontempi (Amer. Chem. AUtr 
1932. 26, 1862) ; Fischer (i6i</. 1933. 27. 4552) ' 
d-Cocaine (d ^ cocaine) has bwn isohled 
from coca leaves by Liebermann and Ciewl 
(Ber 1890. 23. 508, 926). The alkaloid u 
probably not natural but formed dunng the 
extraction. [aJo +42 2® (m CHCI,), m p 46®, 
gives a sparingly soluble nitrate. 
Cinnamoylcocalne(III). C„H.,04N. [oln 
•4 7® (m CHCIj), m p. 121®, cfystaliiscs from a 
mixture of benzene and light petroleum m 
rosettes of needles. (Ill) HCI,2H,0, m p. 176* 
(dry), flattened needles from HjO, plaliru. 
chloride, m p. 217®, aunchloride, mp 156*. 
When (III) IS warmed with HCI, it is hydrolysed 
to t ecgonine, cinnamic acid, and MeOH. 

Truxiilines(isAtropylcocame8). CuH^jOjN, 
Hesse (Ber. 18S9, 665) and LieMnnann 

(Ber 1688, 21, 2342) isolated from Peruvian 
coca-leaves two amorphous alkaloids which were 
first named eocamine and isococamine. 

aTroxilline (I\') (eocamine, ylsatropvl- 
cocaine)' amorphous white ponder, mp 80®, 
easily soluble except in light ^troleum, 
^•Truxllline (V) (isocoeammc, Sisatropyl 
cocaine) . amorphous, sinters at 45® and dceom 
posee at 120®. Both truxiUmes on and hydroly- 
eis yield eegonme, M eO H, and a* or j9 truxilLc 
acii (C.H.O,), respectively, 
Benzoylecgonine, CijHuOjN, [a];, -C3S® 
(m H.O); crystallises irom water with 4HjO 
innce^es, m p. 92® or 195* (diy). It is obtained 
by boding (1) in HjO. It was aUo obtained 
in small amounts from coca leaves (see Skrsup, 
ilonatsh 1885,6.556). 

I Ecgonine (II), C,H,jO,N H,0, [elo 

•454® (m HjO), m p. 108® (anhydrous), crystal 
lises from dry alcohol in monoclinic prnms 
with 1H,0, easily soluble in HjO, lr®s in 
EtOH. insoluble in Et,0, CHCI,. and other 
organic solvents. (II) is the final basic hydro 
lytic ywdurt obtained by action of acxdi on the 
cocamea (see introduction); it » an amphoteric 
substance and when estenfied with MeOH and 
benzoylaled, (1) is obtained. By variation of 
tho acid chlorides and the alcohols, many 
homologues of (1) have been prepared. 

d-EcgonIne (better d )5-ccgomne) is dextro- 
roUtory. m p. 254® (204®); it crystallises from 
dry EtOH in tablets. d-^-Eegomne w formed 
when the cocames are hydrolysed by alkalw. 
d-)I Ecgonine is not an optical but a alcreo- 
isomendc of (II). Like the latter, it formva scries 
of esten ; from d xji ccgonine d cocaine (rnctnjl 
benzoyl d <5 ccgonine) has bwn prepared. 

Trgpacotalne (VI) (Benzoyl tropcine) 
ijHjjOjN, has been found in Java and 1 ero- 

..an <x>ca-lcarea (Gicacl and Liebermann. Iter 

1891. 24, 2336, tf also Beens. CTiem. /entr. 
1920, IV. 103). (VI) is optieaJly 
mp. 49*. it crystallises in nee«lJes, _ 

EtOH and EtjO, insoluble in HjO. 


When 



COCAINE. 


225 


hcatcfl with HCI or barj’fa it is hydrolysed to 
k'lir.oic ncid and i^-tro’pinc (m.p. 108°, b.p. 
240°) which is n stcrcoisomcridc of tropinc 
since it can be oxidised to tropinonc. Tropinc 
and (J-tropinc arc rautnally convertible. Dissoci- 
ation constants of (VI), see Kolthoff (Biochem. 
Z. 1925, 162, 307). Analytical difTcrcnecs 
between (I) and (VI) see Boiehard (Pharm. 
Zenlr. 1908, 49, 337). For synthesis of a ring- 
homologiic of (VI), see Blount and Robinson 
(.I.C.S. 1932, 1429). (VI), under the form of 
the hydrochloride, is the only other coca-alkaloid 
used in medicine. 

Co.VSTITIJTIOK or THE Coc.viNES. — The co- 
caines are esters of the amphoteric substaneo 
cegonino with MeOH and benzoic, cinnamic, or 
truxillic ncid. Eegonino and its derivatives 
dilfcr throughout from tropinc and its derivatives 
by COj. A derivative of eegonino (anhydro 
eegonino) was transformed into a derivative of 
tropine (tropidinc) (Einhom, Bor. 1890, 23, 
1338); this fact proved that (II) is a tropinc 
carboxylic ncid. This is also confirmed by 
Willsltitter's degradation of (II) to subcronc. 
The elucidation of the tropinc-structure led 
Willstiltter (Ber. 1898, 31, 1202, 2055) to propose 
the following structures for (II) and its deriva- 
tives: 

CH.— CH CHCO.R, 

■ I \ ■ 

NMe CHOR, 

I / 

CHj— CH CHj 

(II) : R,-R,= H. 

(I): R, = C,Hs-CO; R„=Me. 

(III) : R, = C5H5'CH:CH-C0; R„=Me. 

(IV) and (V): Rj= (C(,HsOs)j ; R:=Me. 

Formula (B) represents (VI). Wolfes and 
llromnlkn (Amer. Chom. Abstr. 1035, 29, 4305) 
have isolated an interesting new tropane- 
derivativc from coca-leaves for which they 
suggest the formula (C) : 

CH,— CH CH, 

■ I K 

NMe CH-OR. 

I 

CHj— CH CH, 

(B) Rj=CjHj-c6. 

CH.— CH CH. 


NMe 

HOCH— CH— 


CHOH 

-CH, 


(C.) 


SvKn!Esr_s or Cocaine. — There arc four 
steiTOinomcridcs of ccgoninc and cocaine 
IXKsiblc, three of which have been obtained 
simthclically, r-Ecgonine and r-^-eegonine have 
wn revolved into d- and /■ forms. These two 
u'nns difi'er in the spatial niTangcmc:it of the 
hydnixyl-group (cis.trans.isomeri.sm ns in trop- 
mc anti d. tropinc) ; the third form which hn.s 
no! l>een n-solved tliffcrs by the ris-trans.i=o. 
ticrivtn of it.s carboxybgroup, (For theoretical 
Vot.. 


discussion, see Willstattcr and Bommer, Annalcn, 
1921, 422, IS). 

1. Willstattcr and Bode (Ber. 1901, 34, 1457 ; 
Annalcn, 1903, 326, 42) obtained sodium 
tropinonc carbo.xylate by interaction of sodium 
tropinonc with CO, and sodium. This on 
reduction m'th .sodium amalgam in weakly acidic 
solution gave a mixture of r-^J-cegonine and 
r-cegonine (see additional note, Willstattcr, 
Wolfes, and Jlader, Annalcn, 1923, 434, 134). 

2. A second synthesis of r-i/i-ocgonine is 
described by Willstiltter and Bommer (.Annalcn, 
1921, 422, 15) : Diethyl succinyldiacctato is con- 
densed with mcthylamine, the resulting pyrrole- 
derivative is catalytically reduced to a pyrrolid- 
incdicarboxylatc which by a Dieckmann conden- 
sation is transformed into tropinonccarbo.xylic 
ester. This ester is identical with the product 
of synthesis 1. 

CH,— CO— CH,— CO.Et 

CHj— CO— CH„— COjEt 

CH=C CH.CO.Et 

NHjMo 

>■ / 

CH=C CH.CO.Et 


H. + Pt, followed 


by lllcckmann 
condcns-atlon. 


CH, CH CH— CO.Et 

\ \ 

NMe CO 

/ / 

CH, CH CH, 


3. From the technical point the third synthesis 
of Willstiltter, Wolfes, and Milder ((.c.) is the 
most valuable. Succinic dialdehydc, methyl- 
amine and the dipotassium salt of ethyl acetone- 
dicarbo.xylato are condensed to yield ethyl 
tropinonecarboxvlatc (r/. Robinson, >I.C.S. 1917, 
111, 702). 


CH,— CHO CH,— CO.Et 

H\ I ‘ ‘ 

-1- ,NMe + CO 
h/ I 

CH,— CHO CH,— CO.Et 

CH, CH CH— CO.Et 

I \ 

V NMe CO 

I / 

CHj CH CH. 

Reduction of the last subshance yielded r- 
si-eegonine (1), r-eegonine, (2) and the third 
mceniic eegonino (cis-trans-isomeric tropanol- 
carboxylic ncid). On re.solution (I) yielded d- 
aiul l-ecgoninc, the former, on e.sterification 
with MeOH and benzoylchloridegave d-cocaino 
(d-\i-cocnine, see earlier). The bitartmte of 
d-^-cocaine is c, ailed psicainc, it is al-o used ns 
local an.Tstbetic and is a product of some 
importance. If (2) Ls resolved and cstcrificd 
d- and /-cocaine arc obtained, the latter is 
identical with natural cocaine. 

Hyorise-s. — The hygrincs were discovered 
by Ixisscn (.Annalcn, 1802, 121, 374) in Peruvian 
coca-lcavcs. Liebermann showed that this 
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alk&Ioid fraction by distillation tn rocuo can be 
aeparated into the two alkaloida bygrine and 
cnseohjgnne. 

i/yjnn< C,H,sON. [alo-lS", bp. 

92-94720 mm, or 193-1937760 mm , la * 
strongly alkaline bquicl, yielding a characteristic 
picrate, m.p. 15S°, and a cryatallme oTime, ; 
rap. 116-120°. By oxidation with CrOy' 
hy^caeid (CyHjiOjN) is obtained which was I 
synthesised by »\ lUstittcr (Bor. 190(h 33. j 
1160: Annalen, 1903, 326, 01). r-Hygnne was 
synthesised by Hess (Ber. 1913, 46, 3113,4104) 
CuKohygnne, CijHj^ONj (VIII), is optically 
inactiTe, bp. 185732 mm, forms a crystal- 
bno oxime, m.p 53-54°, is miscible with 
HjO, a crystalline hjdrate is known (m p. 
40°), and the salts are ciystalltne The nitrate 
IS characteristic, it crysfallisea from EtOH, 
m p. 209° (deeomp ). (VIII) is very labile; by 
influence of acida or alkalis it is easily irans 
formed into (VH) ; when oxidised with CrOy, 
Ljgric acid (A’ methylpjrrobdme 2 carboxylic 
acid) IS obtained Various papers deal with the 
constitution of (VIII), but no flnal decHion 
can be taken between the two possible alterna 
tives (see Hess and eo workers, Der 1915. 48, 
1980, 1020.53.781. 1921, 54. 2310. Anoalen. 
1925,441,137). 

CH, CH — CH, 

j Lwe 

CH, in, CH, 

vir. 

CH,— CH, CH,— CH, 

in, CH— CH,— CO-CH,— Jh, 

CH,— CH, CH,— CH, 


I a-COCCINIC ACID, COCCININ r 
iCocin>EAi- 

COCCININ T.CocHiNiuL,{ttusvol.p.22\fl. 

COCCINONE V. CocHmsAL, (this vol p 
228d). 

COCCULUS INDICUS or INDIAN 
BERRY e. Anamirta Panicclata. 

COCHENILLIC ACID e.CocHixiuu (thu 
Tol. p. 2285). 

COCHINEAL. This natural dyestuff vu 
Dsed aa a dye and cultivated by artiflcul meun 
in its native country, Slexieo, at a remote penoj 
of history. Cochineal consists of the dried body 
of an insect, the Coeeut cacU, which liTra upon t 
species of cactus (the Xopalett toettKtUiJera 
S..Dyck or A'opo)). a plant which is found m 
the wild condition, but w hich. for the sake of the 
insect, IS cultivated m gardens which ate 
termed A'cjwZenej. The insects are collected 
before the commencement of the rainy seanon, 
and are killed by immersion in boding water, 
or are enclosed in ft bnen bag and placed in an 
oven ; by the latter process the peculiar ulute 
down covering the insect is preserved, but in tie 
former case is lost. 

In Mexico and (Antral America two varieties 
of cochineal are known — the home grown or 
fine cocbir^rol {grana fina). and the wild or 
forest cochineal (grana nlettlra) The former u 
more aaluable than the latter, and is nchtr n 
colouring matter. After 1830 the rultiraliOD 
of cochineal was introduced into Spam and the 
Canary Islands, Algeria and Java, out the most 


CH,— CH, CH,— CH, 

J I i f 

CH, CH— CH— CH CH, 

N^e CO '''W^e 
1 


Physiological Acnow or the Cocaine I 
Cliocp. — Cocaine is used in medicine as a local I 
anssthetic, il la mjdriatic and highly toxic ' 
It acts chiefly on the ceatrel nervous system, 
death occurs from paralysis of tho respiratory, 
centre. Tropacocaine u the only other coca- 1 
alkaloid used in medicine For psirainf. ire I 
Gottlieb (Z. pbjsiol. Chem 192J, J30, 374) I 
For details of cocaine action, ire Henry, “ Plant ' 
Alkaloids,” 2nd ed., p. 112, and text-books of 
pharmacology. 

SchL 


COCAM INE r. Cocaine, (this vol p 224e). 
COCCERIC (COCCERINIC) ACID v. 
Cochineal Fat and Wax. 

COCCERIN or COCCERYL COCCER- 
ATE. A wax extracted from Cochineal 
insects (r Cochineal Wax and Fat). 

COCCERYL ALCOHOL r. Cociiineal 
Fat and Wax. 


those of Java. Since the (Lseorety of ths 
coal-tar colours, the consumption of cocbinea] u 
a dyestuff has gradually decreased, and at the 
present tune it is only employed in a minsr 
degree According to Licbermaon (Her. 1SS3. 
18. 1969) coctuneal contains about 10^4 
colouring matter. 

Caryntme acid, the colourisg natter of 
cochineal, waa first isolated by Pelletier and 
Caventou (Ann Chim. Phys 1818. [iij, 8, HJO) 
and was subsequently examined by icasr 
.chemists. SchGlicnberget (ibid 1858, [ui], W. 
|52) succeeded m obtaining cannmic acid in s 
crystalline condition by precipitating li« 
colounng matter as its lead compound, defOB* 
posing this with hydrogen sulphide, and ciystAl- 
lifiing the liberated carminic acid from alcohol- 
.elher The most aimple method of punficAtioa 
lof carminic acid, however, is that devised by 
iMiUer and Itohde (Ber. 1897, 30. 17G2) A 
Isolution of the crude colounng matter in firs 
'times its weight of water is diluted with wcf 
times Its volume of acetic acid ; the filters 
liquid, on standing over sulphuric scid, gradusllf 
deposits the carminic acid in a cryitaUics 
condition. 

Carminic acid crystallises in red prums ea^ 
soluble in water and alcohol with a pnrple-w 
colour. It possesses no meltuig point, bet 
darkens at 130°, and at 250° bccomea quiw 
black. Of the many empirical formul* suggntriJ 
for carminic acid by earher ,if* 

advanced by Liebermann, llfiring and 
mann (Ber. 1900, 33. 149), vix. 
was generally accepted aa correct. 
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tliranol and nnthraquinono respectively, the carminic acid differs from carminio acid only in 
production of cochcniJIic acid indicating the having one atom of oxygen less, due to the 
jtositions of the carboxyl and one hj’droxj’l and loss of the jS-hydroxyl group in the pnrpunn 
one methyl group ; nucleus during the reduction. That dcoxy- 

carminic acid contains two hydroxyl groups in 
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Himroth further concluded that carminic 
acid itself is a derivative of anthraquinone, for 
hy distillation with zinc dust in an atmosphere 
of hydrogen, a f»% yield of hydrocarbons of tho 
ant hraceno scries was obtained. After oxidation 
of tho mixture of hydrocarbons ho isolated 
anthraquinone, and possibly a-mcthylanthra- 
quinone. Further, by treatment of carminic 
acid with boiling dilute sulphuric acid, a 10% 
yield of trihydroxymcthylanthraquinono car- 
boxylic acid was obtained, and this acid, when 
heated with water at 230-2-10’, yielded tri- 
hyt)ro.xymel)ty}anthraquinonc by loss of carbon 
dioxide. Dimroth therefore formulated car- 
ininic acid : 



An examination of kermcsicacid, the colouring 
matter of kermes, by Dimroth and Kick 
(Antmlen, 1910, 411, 315) showed that this acid 
IS a derivative of hydro-xyanthrapurpurin. The 
similarity of the absorption spectra and dyeing 
pttiperties of kcrinesic acid to those of c.arminic 
arid Io<i Dimroth and Kflmniercr (Her. 1920, 
53, (B). 471) to infer that the latter is also a 
derivative of hydroxyanthrapurpurin. 

I luler suitable conditions carminic acid is 
n-tiured by rinc dust and acetic acid to a 
Iruco-comiHiund which is converted by atmo- 
spheric oxidation into ilforycarminic acid, 
yc!lowi-*b-red m-cdle.s. the acetvl- derivative of 
«hich melts at 2l.'->-2.'0’ (dewmp.). Dcoxy- 


the 1 : 4-j)osition is shown by its oxidation to a 
diquinone, from which carminio acid is re- 
generated by' the action of acetic anhydride and 
sulphuric acid. Parallel reactions are observed 
in tho case of kerraesic acid and hydroxy- 
anthrapurpurin. 

When carminic acid is warmed with acetic 
anhydride in tho absence of a catalyst, a hexa- 
actlyl derivative is formed, and two hydroxyl 
groups in a-positions in tho nucleus remain 
unaeetylated, since the substance is readily 
oxidised to an unstable diquinone, reduced by 
sulphurous acid to tho parent substance. With 
acetic anhydride and sulphuric acid at tho 
! ordinary temperature, carminic acid yields an 
oela-acttyl derivative. Since only four hydroxyl 
groups arc present in tho anthraquinone 
nucleus, it follows that tho remaining four 
must be present in tho sido-chnin, to which tho 
composition has been previously 

assigned (Dimroth, Annalen, 1913, 399, 13). 
This side-chain can only bo a saturated univalent 
hydrocarbon radicle with live oxygen atoms, 
four only of which have been shown to bo 
present ns hydroxyl groups ; henco it is con- 
cluded that tho remaining oxygen atom is 
present in the ethereal, aldehydic, or ketonic 
form, and its formula must then bo modified to 
CgHijOj. Accordingly', the empirical formula 
for carminic acid becomes C.jHjoOu, and an 
examination of recorded nnnfyses showed that 
they agree ns well with this ns with the older 
formula. Hence carminio acid is : 


O 



HOjC 11 OH 


O 

Carminio acid is optically active and has 
-b51-0° in aqueous solution This phenomenon 
cannot be attributed to tho structure of tho 
nucleus, since kermcsic acid, and also the less 
closely' related laccaio acid, are optically' in- 
active ; it therefore appears that the side-chain 
contains at least one asymmetric carbon atom. 

Accortiing to Miyagawa (Mem. Coll. Eng. 
Kyushu Imp. Univ. 1920, 4, 90), carminio acid, 
when treated with ozone in aqueous solution, 
yields an optically active product from which, 
by oxidation, an optically active acid, CjH jjO j, 
is obtained. On reduction with sodium amalgam 
this acid yields a sugar, C,H,jOj, which is not 
identical with any of the known mcthylpentoscs. 
The side-chain in carminic acid has thus tho 
probable structure CHj-[CH'OH],'CO — . 

Technical Preparations of Cochineal — Am- 
moniaeal Cochineal, or caniiinomidc, is prepared 
hy allowing a solution of carminic acid in 
ammoni.a to stand for some time ; the clear liquid 
is decanted and evaporated with, or without. 
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addition of gelatinum alnmina. The product j 
appears to consist of canmiuc acid in wluch one I 
of the hydrosyls has been replaced by an' 
aminO'group. I 

Ammoniacal cochineal dyes mn^ bluer' 
shades than cochineal itself, and was aometimea j 
QsedmcoDjonction with the latter; italsofoundj 
some application m the blueing of bleached I 
cotton. 

Dytinff Proptrtiet of CocAiaeol. — Cochineal 
has been little employed in cotton dyeing, 
but was rery largely used in «>lh and wool 
dyeing. It baa now been practically replaced 
by the azo scarlets. 

A enmson shade is produced on wool by 
mordanting with aluminium solphate and 
cream of tartar and dyeing in a separate bath 
with cochineal, whilst a very fiery scarlet is 
obtained by the employment of starmous and 
sometimes stannic cUondes For scarlet, wool 
can be mordanted with atannooa chlonde and 
tartar, and dyed in a separate bath with 
cochineal. Asmgle bathmethod,uaingstannous 
chlonde, oxalic acid and eocbtneal. has, 
however, been very largely used for this purpose. 
On wool mordanted nith chromium or iron, 
cochineal gives purple, slate or lilac colours, 
hat these mordants are not employed in practice. 

Cochineal red on wool possesses considerable | 
fastness to light, but boa the defect that weak 
alkalis and soap csoso it to acquire a duller or 
non bluish shade. 

Silk IS d} ed a good enmson shade by mordant 
ing with alum and djemg with an extract of 
cochineal. In scarlet dyemg, silk is preferably' 
first dyed vellow, then mordanted with '* nitro* 
munate of tin,” and finaUy dyed m a second 
bath with the assistance of cream of tartar. 
Silk can also be djed in a single bath. For 
cochineal indicator c Vol II, p. 

A. G. P. and E. J. C. 

/ COCHINEAL FAT AND WAX. On 
extracting cocbmeal insects (Coccus eocti) 
with boiling benzene (Liebermann, Ber. 1885, 
18, 1975; Liebermann and Bergami, nbid. 1887, 
20. 059] or chloroform (31 Becker, Biochem. Z. 
1031, 239, 235} a fatty material, which can be 
separated into an alcohol- and ether insoluble 
wax, cnwjeuk f/u of tha drvfid izR«yyja\l 

and the ether soluble cocAinsal fat (e. 7-14% of 
the insects). The fat, as examined by Huerre 
(J. Pharm Chim. 1911, 4, 56) had an iodine 
value of 50 and an acid value of 89 ; it contained 
only 3% of unsspoiufiable matter and yielded 
8% of glycerol. Tho fatty anda appeared to 
consist of a mixture of mjTistic, olcic and lioohc 
acids. 

Coccenn (m p. 99-103°C.) {coeetryl tocetmU) 
was shown by Liebermann (Ic.) to be an ester 
of fofceryl alcohol with eocesne (cocccnnicl 
aetd. Coccery) alcohol, ongmally hetieved to 
be a C|f (Liebermann) or C.| (Becker) dihydne 
alcohol, has been identified by Chibnall and co- 
workers (Biocbem J. 1934, 28, 313) as IS-keto-n- 
tetratriarontanol, 

CH, [CH,]„-CO ICH,]„CH,-OH. 
Corresponding!} . cocceric add. which waa 
formerly thought to be a C,| or Cji hydroxy- 


acid, has been proved to be a miitare of 13- 
Leto n-dotriscontanoic acid, 

CH, tCH,l„-CO lCH,ln-COOH. 
and n-triacontanoio add, CH,-[CHJ,--COOH 
(Chibnall,Lc.,c/. •6ti.2189, 2209). 

EL 

COCINICACID. A term now obsolete ap- 
pLed by Saint-Evre (Ann. chim. 1847,20,99) to 
an acid, in p. 34 7'C., supposed to be unJecyLc 
acid, separated from coconut oil lAe “ um'W. 
Infic Odd," which waa isolated from the seed &t 
of the Californian bay tree ( Umbelluhna eahfar- 
vica Kutt , Fam. Lauraetm) by Stillmann and 
O’Neill (Amer. Chem. J. 1883. 4. 206) and also 
believed to be an undeeyhc acid, ” fociaicorii" 
appears to have been, in fact, an impure pre- 
paration of lauric acid (dodecylic acid). Unde 
cyhc acid (*‘ coeinie acid ”) is also absent from 
rhanlmoogra oil, m which ita presence wis 
reported by SIoss (Phann. J. 1879, 39, 251) 

E. L 

COCLAURINE is an important alkaloid, 

I It is the mother-substance of tbs wbols 
group of the “ biscoelaurine-alkaloids ” (c/. 
Hondo and Tomita, Arch. Pharm. 1936, 274. 
65). 

It was isolated from Coeculut launfoliits by 
H Hondo and T. Kondo (J. Pharm Soe. Japan. 
1925, No. 524,876). It crystalhsea in colourlru 
pUtea, m.p. 221®, [o]” —17 01", easJy soluble la 
hot EtOH and acetone, sparmgly so in cold 
EtOH, acetone, Et,0, CHCl,, insoluble in 
benzene and bgbt petroleum. 

B-HCh needles, mp 204*; rnelhiodideptumi, 
— p 155® (tn acetyl and tn-bentojl com- 
pounds). By oxidation of the methino base, 
Hondo obtained oxaLc, anisic, and a denritirs 
of phthabc acid (Giem. Zentt. 1927, I, 2203] 
By ethylation of the phenohe OH groups, 
11. Hondo and T. Hondo obtained degradation 
products which demonstrated conclusively tbs 
following structure (J. pr. Chem, 1930, [n] 126, 
24): 

CH ■ CH, 

HO.-^ '’-NH 


Mep! 




.-CH, 


For absorption spectrum of coelaurms, m 
Hondo, Chem. Zentr. 1929, JI. 753. 1012. 

ScU. 

COCOA. The cacao tree is an evergreen 
shrub udigenous to Mexico and the tropial 
regions of Central America, whence it was intro- 
duced into Europe by Cortes m 1523. It belongs 
to tho family Sterculincea! and compn-«v 
several species, that most highly valued wd 
cultivated being the Thtoiroma Cacao, so 
by Linnwus, from Sedt (god) and fipw/ia (food) 
in allusion to the esteem in which the beierage 
prepared from its seed was held by the nstives 
of Central America, and to the Slexican name 
of tho tree— Cflcouatf or Quacahavll. 

PnoDvenov.— The w orld production of toco* 
has atcaddy inereosed, rising from 
in 1031-1932 to 679,160 tors in 1934-ltrw 
Of the latter total, the Cold Coast produced 
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2.')‘>,400 tons nnd Brazil 08,700 tons. Other 
prodiiring countries arc Caracas, Central 
America, Kcundor, E'siquibo, Grenada, Giia3-a- 
quil. Peru, Trinidad, Venezuela and the 
West Indies, Cordon, East Indies, Philippines, 
Mn(iritius, Madagascar, San Thomi, Camcroons 
and the northern parts of Australia. The 
exjiortation of cocoa is of increasing importance 
in the trade of certain portions of the British 
Empire. 0\cr 00% of the world trade is of 
imperial origin, whilst about 9.7% of the raw 
rot on used in the United Kingdom comes 
from the Empire. The quantitj- of raw cocoa 
rftnined for home consumption in this coiintri' 
lias increased from nearly 50,000 tona in 1926- 
1927 to over 70,000 tons in 193.7-1930. The 
largest importing country in 1934 was the 
United States of America with 197,000 tons, 
Gcrmniij' being second with nearly 100,000 
tons. 

Cui.TivATioN. — The cacao tree thrives only 
in tropical temperatures, in districts which arc 
moist and sheltered from winds. Thus, those 
places where it is cultivated with success lie in 
latitudes between 2.7° north nnd south of the 
equator and at elevations seldom c.vcccding 
1,000 feet. The soil nlfording best results is 
well drained, alluvial sandy loam. McDonald 
(Imp. Coll. Trin. 3rd Ann. Rep. 1933, p. 36) 
gives data relating to suitable nnd unsuitable 
soils in which the organic matter in good speei- 
inena varies between 2'8 nnd 4-0% whilst the 
available P.O5 is between 03 nnd 149 parts per 
million, jranuring is not often ncccssnr>’ 
although stable manure can be applied with 
advantage, nnd to sandy soils the addition of 
siqiorphosphatc in the proportion of 1-3 lb. 
per tree promotc.s fertility. Potassium ferti- 
lisers tend to increase the weight rather than the 
miinlier of the licans. The tree usuallj- grows to 
a height of about 2.7 ft., although occasionally 
it reaches 40 ft., but under cultivation it r.irelj' 
exceeds 18 ft. It begins to bear fruit when 3 or 
4 jeani old, attains full productivit\- in a further 
4 or .7 years, nnd may be c.xpected to bear for 
40 or 50 j'enrs. Fruit is produced all the year 
round, but linrvesting iisiinll.v takes place onl^' 
twice a j-enr — from Febniarj- to April nnd again 
in Octolx’r nnd Koi ember. This requires great 
skill nnd judgment, as there is danger of the 
fniit iK'iiig tut otr too carlj’ or the How era of 
the later crops being damaged. The fniit, 
which is mspendcti on a short thick stalk, con- 
sists of an elongated jiod, varying in shape 
Is'twecn a melon nnd a cucumber, measuring 
from 5 to 12 in. in length nnd 2— t in. in dia- 
mt ter. Inside the jxids arc lieans, vniying in 
numlier from 20 to -JO, nnd embedded in a rose- 
coloured inucilnginous pulp. The trees have 
been divided into threo main classes, depending 
upon the fniit nnd other botanical difrcrcnces : 
Crinllo, /’ortts/cm, and CalaltanUo. The first 
chss, in which niaj- lie included those of Jnsa 
and {'c\lon, protluci's the finest tjqie of f>eans, 
but the tress are more diflirult to cultivate ami 
are lc‘s rt'guhr in their \ield of fruit. The wall 
of the pod is soft nnd thinner than the other 
xaricties wbibt the l>ean is Ic's bitter. Fo-o'.'cro 
Inrbidis some of the l>est protlucts of Central 
.kmrrir.s. Cnlalrocxth is the most easiK culti- 


vated. Tho pods are smaller whilst the beans 
are flat nnd base a more astringent taste than 
the other clnsscs. IVhcn fresh the beans of all 
cl.osses are usually white, although occasionnllj* 
ranging through red to purple, but after drj'ing 
ami exposure to air and light thej’ acquire 
n yellow, red, or brown colour nnd become hard, 
brittle, and less bitter. 

Fermextatioi;. — After removal from tho 
pods the beans have to bo freed from tho ad- 
hering pulp. Thi.s is occasionally done by 
artificial or sun drying nnd subsequent rubbing 
nnd sorting. This method, however, produces 
a bitter product, quite unfit for tho manu- 
facture of chocolate or higli-clas.s cocoa. 
Tho usual procedure includes fermentation, 
which, whilst facilitating tho removal of tho 
pulp, improves tho flavour and aroma of 
tho final product. To promote fermentation tho 
beans were formcrlj- buried in the ground or in 
tTcnchcs covered with plantain leaves. Owing, 
however, to the adherence of earthy matter to 
tho licans nnd tho difficulty of control nnd 
handling, this process is not now generally em- 
ployed. The beans arc now placed in casks or 
boxes or heaped on the floors of sheds. Tho 
fermentation process usuallj' lasts from 2 to 7 
daj-B, tho temperature in that period rising to 
about 48°C. Caro has to bo taken to maintain 
an oven temperaturo throughout tho mass nnd 
this is achieved bj’ shovelling tho heaps periodi- 
cally or transferring from ono container to 
another. Tho process of fermentation is first 
alcoholic, owing to the action of a j'cast fungus 
Saccfiaromyccs T/icof/rotnn Prej'cr, nnd later 
acetic, set up by Mi/codcnm aecti. F. L. 
Stevens (Bull. Dept. Agrie. Trinidad and Tobago, 
192.7, 21, Part 1, 27-3.7) expresses the opinion, 
b.a-sed upon extensive investigation, that 
successful curing ilcpends upon (1) non-develop- 
ment of aciditj' through avoidance of undue 
exposure to bacteria nnd j'easta ; (2) complete 
killing of the cnibiyo bj- heat ; nnd (3) main- 
taming the oxidising enzj’nies in an uninjured 
condition. A product of superior colour nnd 
aroma is obtained bj’ keeping the beans at a 
temjicraturo of 40°-60° for several d.ays out of 
contact witli bacteria nnd j'cnsts. During 
fermentation a largo proportion of the pulp is 
gradunllj- transfonned into a liquid (“sweat- 
ings ”), w hich is allowed to drain nwaj-. When 
the lieans are satisfactorily cleared of tho pulp 
nnd have assumed the requisite aroma and 
colour they are removed to sieves or troughs 
nnd tliorouglilj- wn.shed with water if such a 
cleaning process bo considered necessary. In 
order to improve tho qualitj- of tho beans 
Defren (U.S.P. 1750795) suggests that they 
should be soaked in successive changes of water 
for a sufficient time to remoro at least the 
greater proportion of the soluble bitter in- 
gredicnfs. As an nltcrnatite to tho fermenta- 
tion process, a nicthorl has been devised wherebj' 
tho be.ans are treated with a 1% solution of 
sodium carlionate for 10 minutes at 4,7°. It is 
stated that cocoa prepared in this waj- is per- 
fectly stsble nnd .sterilised, and contains no 
preformeri sugar. Theobromine is not present 
in the free st.ite but is formed, togefher with 
sugar and tannin, b\- hydrolysis. After cleaning 
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by fomentation or other means (be beans are 
dned to a moisture content of 5-S% by heating 
artificially or by subjection to the rays of the 
sun. Caro should be taXen to control the; 
temperature, as above 50*0. the flavour is likely 
to be adversely affected. If more than 8% of 
moisture is allowed to remain, the beans may 
become mouldy. In order to hasten the drying 
finely powdered dned earth is sometimes spread 
over and intimately mixed with the beans The 
msss 13 then raked*, band rubbed, or danced 
with the bare feet, the fnetion thus set up also 
polishing the beans, thus improving their 
appearance, and removing mildew, thereby 
eliminating the possibility of the growth of 
mould during subsequent storage. , 

MaiftTAcmiE.— The preliminary processes of 
manufacture are : 


(а) Sifting out of sand dust and small atones. 

(б) Pichng out by hand of the empty beans 

and foreign matter, such as larger i 
atones, grass, and nood. 

(d Roatting. 

(d) Jliuling by breaking up the beans and 
separating the husks. 

Serhardt (Cbem -Ztg 18S9, 13, 32) has found, 
from the results of actual factory working, that 
the losses in these operations amount to 2-3% 
in sifting, nearly 1% in picking, about 5% id 
roasting, and 12 or 13% m husking, making a 
total loss of over 20^^ Machinery is now id 
uso which eombines the flr<t and second opera* 
tiona with the sorting of the beans into various 
sizes. The objects of roasting are to develop 
to the full extent the charactenstie aroma and 
flavour of the cocoa, to render (he atarch 
granules more soluble, to modify the tannin 
and other astringent ingredients, to render the 
husk brittle and easily remoi able, and to drive 
moisture from the rub, thus rendenng it fit for 
the subsequent operations The process, which 
requires conMder.ahIo care and experience, 
conducted in rotan c>lindere heated to 
temperature varying from 160 to 3t5'C. by coke 
fire, gas flames, or hot air or superheated steam 
in pipes lining the cjlinders, I’niformity of 
roasting is facilitated by grading the beans 
that they are approximately of the same size 
an operation. Dcfrcn (Food Ind 1930, 2. 2t8), 
fionerer, objects to this usual method of roast* ' 
ing alleging lov of flavour, ebamng, and 
difficulty of control. He suggests that the 
aromatic fiovours are letter retained by the 
u>c of a stream of heated air to reduce the mois 
ture content to about 3%. The dampers should 
then be closed and roosting at about 100* con 
tinued After roasting, the beans are eooled 
and then gently erush^ wi a kibbling ” mill 
to fracture the ensp husk and break down the 
kernel into its natural angular fragments or 
“mbs," after which the mbs, husks, and hard 
rod shaped germs arc separated by winnowing 
and sieving. Care must be taken that the pro ' 
ceM of cooling is not earned too far or the mbs 
will l>ccome bnttle and break up into snail 

f articles w hich may be lost in the husk The 
iisks constitute, on an average, about 12orl3% 
of the weight of the bean, varjing from 7 or 8% 
in the thin*walled beans of Ceylon and Java to 


18% in those of Trinidad and the West Indjn, 
which have a much thicker sheik The nihs 
repre«cnt about 80°^ and the germ 1%. The 
remaining 6 or 7% is accounted for by loss. 
The husks form a low priced product sonietioei 
used, after grinding, in cheaper grades of cocoa 
and chocolate and occasionally, under the naice 
of “ cocoa tea ” being infused as a beversj?* 
which has the flavour of weak cocoa. They ate 
also used as fertilisers, and as an ingredient la 
cattle feeding materials. They have abo been 
suggested for use as cattle beddmg, but Jlith 
and Herrmann (Landw. Versuchs Stat. 1933. 
117, 263) express the opinion that they ait not 
suitable owing to their low water absoirtioa 
capacity compared with that of straw, whilst, 
if the proportion of theobromine is over shout 
1%. their consumption by the ammab would 
be dangerous 

The mbs constitute the important part of the 
bean and form the basis of all cocoa and 
chocolate preparations, their ultimate cse 
governing the method of treatment to which 
they are subjected. Tlus, however, does uot 
apply to the first stage, in which the mbs 
are pulverised in a hot mill They are fed 
through a hopper on to revolving stones cncsscd 
in a jacket heated to about 45’C. Here ths 
Dibs are speedily reduced to a molten ms*s 
owing to the high content of low.meltmg fit 
(about 30“C.). MToen the msiss « consiacfed 
to be completely melted and bomogeoeoui it n 
allowed to run into moulds where it cools sni! 
sobdifies It IS then in a convenient fom for 
storage, transport, or further treatment, and it 
IS in this state that much cocoa forma an article 
of commerce under the title “ block cocos.” 

The form in which cocoa to be consumed as a 
beverage is prepared for sale is known tom 
merciauy as “ cocoa powder.” The high 
proportion of fat in block cocoa would render it 
indigestible and prevent complcfc mixture ^th 
water About 60 or 70^^ of the fat is tbeieiore 
removed by subjecting tho block cocoa to a 
pressure of about 1,200 or 1,4W> lb pet aq m- 
at a temperature of 70°-80'C. The 
bolter flows out through a special onfice and » 
afterwards solidified in moulds ready for uw 
surgical and pharmaceutical preparstioai 
I and in the manufacture of chocolate confec- 
tionery Although in this process tfie lat or 
'* eoeoa butter “ was at first regarded as a 
product, its commercial value is now so high a* 
to form an inducement for its abstraction ffcm 


the cocos independently of tho demand for 
defatted cocoa. The cocoa mass, which after 


this treatment contains about 25% of f*b 
then cooled, crushed in a null, and sifted, tt 
reeultant powder being cocoa from which t e 
beverage is prepared. A feature of the cocoa 
trade for many jears has been the preparation 
and sale of so-called toluMe coeexi*. Three m*. 
be preparer! either by treatment of the ooow 
powder with steam or ammonia or aramoniu 
carbonate, or by admixture with alkali such 
sodium or potaMium carbonate. In the fin 
rare the cocoa tissue is softcncil and the 
rendered leas liable to separate out. In 
second case, when the mixture is treatol w 
boiling water for the preparation of the bevert • 
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nn emulsion is formed which retains the powder 
in suspension. These admixtures arc not 
regarded ns adulteration, but if other sub- 
Ktnnces are added the fact should be disclosed. 
Tima it is a common practice to offer for sale 
reparations in which sUirch or sugar or both 
avc l>ccn added to the cocoa powder. The 
designation of these by some such term os 
“chocolate powder” is generally considered to 
l>o adequate indication of the presence of sub- 
stances other than cocoa. The addition of 
starch or sugar, if properly disclosed, is not to 


be condemned. Indeed, it may well be claimed 
that the presence of the starch is of dietetic 
advantage, increasing the carbohydrate content 
and rendering the mi-xture more easily assimi- 
lated by those who find the pure cocoa product, 
with its high fat content, indigestible. (For 
preparations of cocoa, tee Chocoi-ate.) 

CoMrosmos of Roasted Nib. — ^Tliis has 
been the subject of considerable investigation, 
and Whymper (" Cocoa and Chocolate — Their 
Chemistry and Manufacture,” Ixmdon, 1912) 
gives the following ns typical results : 




O 

3. 

4. 

5. 


.Moisture . 



5-23 

C-3-8-5 

3-7-4-4 

3-00 

5-80 

H 

Fat .... 



50-44 

40-9-52-1 

45-3-54-4 

.50-00 

50-30 


Albuminoids . 



13-20 

11-0-2M 

7-4-13-0 

— 

— 

mmm 

Cellulose . 



C-40 

3-3-00 

— 

— 

4-05 


Ash .... 



2-75 

2-9-4-8 

2-4-3-9 

3-07 

3-87 

3-41 

Gum .... 



2-17 
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Alkaloids . 



0-81 

0-3-0-5 

— 

— 

— 


Cacao red 



2-20 



— 

— 
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Pentosans. 








— 

1-30 


Nitrogen . 



— 

— 

— 

2-50 
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Fibre .... 



— 

— 



2-80 

— 


Astringent matter 



0-71 

1 7 2-8-6 
8-7-12-6 

— 

— 

— 


Cane sugar 
.Starch 



4-20 

^26-3-39-4 

— 

9-97 


Cold water extract 






11-00 


9-67 


' J. IScll, " Tlic CJicmIstn- or roods," 1S87, p; 70. * N. P. Bootli, Analyst, ipoo, 34, 14-1. 

; Zipperer, " XJntcrfUch, Uber Kncaocts," pp. 50, 57 ‘ It. Adan, Internal. Cong. App Clicm. ATITC, 203. 
• Hclscli, Analyst, 1875, 1, 142. * F. Bordas, Internal. Cong App. Chem. VHIC, 168. 


Cocoa Hutteb. — ^Tho most important in- 
gredient of the cocoa bean is the fat which, ns 
already indicated, is, in itself, a valuable com- 
mercial commodity sold under the names 
“ Cocoa Rutter ” ‘ or " Cnepo Butter." Its 
principal tises arc for medical purposes and for 
addition to block cocoa in the manufacture of 
chocolate confectionery. Under the title " Oleum 
Thcobromatis ” the “ British Pharntneopo’/n ” 
describes cocoa butter ns “ the solid fat ex- 
pressed from the roasted seeds of Theobroma 
Caexio. A yellowish-white solid fat ; odour 
slight, ngrecnblo and rc.«embling that of cocoa ; 
taste bland and characteristic. Somewhat 
brittle but softens at 25'’C.” Cocoa butter is 
readily soluble in ether, chloroform, turpentine. 


and boih’ng alcohol from which it cr^’stalh'ses 
out almost completely on cooh'ng. Lewkowitsch 
(J.S.C.I. 1033, 52, 230) pvc.s the following as 
its approximate composition : a-palmitooleo- 
Rtcnrin 55%, olcodistcarin 25%, ^-palmitodiolein 
nl)out 20%. Liining and Drude (Z. Unters. 
Lebensm, 193), 61, 491) tested several samples 
by Graf’s method of fractional precipitation of 
the magnesium salts (Arch. Pharm. 1888, 226, 
843) with the modification that the magnesium 
salts were dried at 95° till of constant weight. 
They aho determined the melting-points of the 
fatty acids and concluded that no acids higher 
than stearic were present. 

The following are some of the values of cocoa 
butter ns published by various investigators : 



1. 

o 

3. 

4. 

Sl>ecifir gravity . . 

0-990-0 09S 
(1.5°C.) 

0-904-0 974 
(15°C.) 

0-S823-0-SS29 

(CO'C.) 

0-8572-0-8581 

0-883 1(C0"C.) 

0-85G2(09-9'C.) 

R.-\ponific.ition value . 

192-19S 

192-195 

(90'C.) 


Iodine value . 

31-10 

32-42 

34-9-40-1 

-- 

Refraction [ajj’ , . 

1-4.505-1-4570 


1 -4568-1 -4570 

j 

Mdting.point °C. . , 

ckkI Vi«!co‘ait V 

32-31 

30-34 

30-2-31-2 

32-0 

at CO'C. 

— 

— 

99-1-101-3 

102 


t an, I F.its " a Tate und I’oolcy, Analj'jt, 1921, 46. 22 !) 

w li>Tip,-r, •• Cocoa and Chocobte." * Knapp, Mo*», and Mellcy, Analj-st, 1927, 52, 
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The differences, if any, between fat obtained 
from cocoa by the ordinary commercial method 
of expressing and that obtained by the method 
of extraction with a eolrent as often frdlowed in 
the laboratory may be of importance, par- 
ticularly when considering the possihOity of 
the presence of some foreign fat Visser (Otem. 
Weekblad, 1932, 29, 40) considers that the 
term “ cacao butter ” without further designa- 
tion should be applied only to the fat obtained 
by expr e ssion. Fincke (Bull. Off. Intern. Fabr. 
Choc. Cacao. 1932, 2. 327) states that when fat 
IS extracted from chocolate for examination, 
ether and not light petroleum should be the 
Bolrent, as the latter will not dissolre out the 
wax wbch IS likely to be present m the adul- 
terant fat. Castigliom (Ann. Falsif. 1933, 28, 
21) giTcs two methods of differentiation between 
extracted and expressed cocoa fat. In the first 
the melted fat is shaken with glacial acetic acid 
and allowed to stand The fat on naing to the 
top IS then examined by ultra-xiolet light and 
if extracted shows a bnght yellowish-green 
fluorescence. In the 8<^nd the fat is heated 
with alcohol, hydrochloric acid and antipynne. 
when a pink colour indicates that the fat haa 
been extracted. Neither reaction is giren by 
fats commonly used as adulterants. iGufinann 
(Cbem. llmscbau Fctte, Oele, Waehse, Ilarre, 
1931, 38, 2G3) found that whilst the reCracto- 
meter readings thoned no marked diflercnco 


the Haber-LSwc interferometer gare diffewa«i 
as high as SO on an arbitrary scale. 

Although, in the preparation of cocoa as i 
bererage, the removal of a considerable port«a 
of the fat is desirable, the high commercial Tih# 
of cocoa butter, compared with that of the raw 
bean or the various preparations of cocoa, has 
■ promoted the removal of the fat from the mb 
to an excessive degree and its replaremeat m 
chocolate confectionery by other fats of vecs. 
table origin. In addition to the economic 
reason for the extraction of the fat it is some- 
times claimed that, for certain purposes, the 
admixtun of a foreign fat is ^vanUgeou^ 
fadUtating manufacture and providing a more 
stable pn^nct. The two fats most commonly 
used for this purpose are coconut or palm kerne! 
stearin and tbe so called “ lUipe butter,” a name 
given in the chocolate trade to Borneo tallov. 
Recently hardened coconut, palm kernel, pcannt, 
and cottonseed oils have b^n used. Ihe hsnl- 
eoed oils have the advantages of more uniform 
composition, better control of the melting point 
and ebmmation of “sugar bloom.” I\illiaas 
(Chem. IVade J 1935, 95, 4) states that peanut 
and cottonseed oils hardened to 35’barca greater 
degree of contraction on cooling to lO*-!?* 
than either palm kernel or coronut, probably 
because of the higher proportion of unsatursted 
glyccndes m tbe former. Coconut oil when used a 
reMily detected by tbe venous constants. Thoi i 
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51'0'C., and'tlioy arc of opinion that a sample of 
reputed cocoa butter is adulterated if it gives a 
“ titro ” over 60’C. A method proposed by 
Bywaters, Mnggs and Pool {ibid. 1927, 52, 
321) takes advantage of the extreme super- 
cooling to which cocoa butter can bo subjected. 
It is based upon the “ turbidity temperature ” 
of the melted fnt. The method appears to 
afford a valuable approximation to the per- 
centage of iiiipd butter present. Pichard 
(Compt. rend. 1923, 176, 1224) also uses the 
minimum temperature of supercooling ns a 
means of detection of adulteration. By plotting 
the temperature of a fu.scd fnt ns a function of 
time, cocoa butter from different sources gave 
the same curve, differing from those for all 
possible adulterants. The method suggested 
by Koehler (ibid. 1924, 178, 040) is based 
upon a comparison, preferably at 1.5-20°, 
of the number of drops of cthjd acctoacetato 
which must be added to a 20% solution in 
chloroform of the sample to obtain constant 
turbidity unchanged by the addition of another 
drop. The “ turbidity number ’’ varies con- 
siderably with temperature, and the sample and 
])uro cocoa butter should be treated simui- 
tancously under identical conditions. HanuS 
and Komorousova (Chem. Listy, 1025, 19, 
391) define the “ethyl ester number” ns 
the number of c.e. of A/IO pota.sh necessary' to 
saponify the ethyl ester in the distillate obtained 
from 6 g, of fat after conversion of the glycerides 
into ethyl caters. The “ numbers " for coconut 
oil and cocoa butter arc given as 23 and 3 
n'spcctivcly, referred to 1 g. of fat. Ashmore 
(Analyst, 1934, 59, 515) ha.s brought forward 
an ingenious apparatus for observing the tem- 
>craturc at which molten cocoa butter crystal- 
iscs, A beam of light led by' internal reflection 
along a glass rod is projected through a small 
lul)o of the molten fat suitably housed in a 
darkened chamber. The appearance of the tube 
is noted during cooling. As soon as crystals 
of solid gly'ccridc separate the tube is at once 
illumined by the Ty'iidnl effect produced. The 
temperature at which this occurs can lx: noted 
with considerable prcci.sion and may bo used for 
detecting the presence of certain adulterants. 
Thus genuine cocoa butter has a crystallising I 
tcm|x:raturc of 20°C., whilst a tcmperaturo of 
31 ■2 ' was recorded for Borneo tallow. 

The variation in the melting-point of cocoa 
butter and adulterant fat.s duo to varying time 
and conditions of crystallisation has been 
recognised by' many workers, Finckc (Z. nngew. 
Cliem. 1025, 38, 672) recommends that the fat 
should be cooled slowly and with stirring. He 
found that for cocoa butter the temperature 
after 0 G6, 2'5, and 14 day.s respectively' was 
32-3'’, 32-3'', and 32-0°. Sabalitschka (ibid. 
192.5. 38, 1013) considers that, in order to 
obt.ain romjilcte solidifie.ation, it is nccc-s-sary 
to leave ibc melting-point tube on ice for several 
■weeks Wforc making the doterinination. In 
onler to overcome the didictdly Tate and Pooley 
(l-c.) determined the melting-point by' placin-g 
a riiaving of fat uimn mcrctiry contained in a 
porerkain crucible in which the thermometer 
Was susfxnded' with the bulb fully' immersed. 
Tile crucible w.'us placed on a wire gnnie over a 


very small flame and the temperature taken 
when the first signs of transparency were 
observed in the shaving. 

OhiEonnosiiNE (v. Cattztxe and the aeka- 
LOiDS or TEA, COEEEE AND COCOA) is the principal 
alkaloid in cocoa and is closely related to caifeino 
■which is also present to a small extent in cocoa. 
The proportion in avhich theobromine has been 
found to bo present has varied considerably', 
probably in consequence not only' of variations 
in the different ty-pe of bean but also, in some 
measure, of the different methods of estimation 
employed. Tho caffeine is usually' included 
with tho theobromine, from which, however, it 
can readily be separated by means of cold 
benzene in which caffeine is soluble but theo- 
bromine practically insoluble. According to 
Kreutz (Z. Nahr. Genussm. 1909, 17, 526) tho 
proportions found have often represented only' 
tho free theobromine. Ho maintains that 
part of the alkaloid is combined and is not 
extracted until the cocoa has been subjected to 
hydrolysis. He found proportions varying from 
2-8 to 5'1%. Wadsworth (Analyst, 1921, 46, 
32) suggests a method of determination in 
Which 10 g. of the fnt-freo material are tri- 
turated in a small porcelain dish with magnesium 
o.xido and water, the mass is then reflu.xcd ■>vith 
tetrachlorcthano and, after filtering, tho residue 
is again refluxed with the same solvent and tho 
united washings distilled to small bulk. Pre- 
cipitation is then effected -with ether and the 
precipitate dried and weighed. Wadsworth 
further states (Analyst 1922, 47, 152) that tho 
theobromine content varies ■with the typo of 
bean from 2-2 to 3'8% on the dry fat-freo 
residue. Gory'ainotra (Khom. Farm. From, 
1932, 6, 227) suggests n method embodying some 
slight modifications of that proposed by Wads- 
worth. During tbo process of fermentation tho 
Ihcobromino content of tho nib decreases, ■whilst 
that of tho shell increases. According to 
Churchman (J.S.C.I. 1920, 45, 149) tho per- 
centage in cocoa shell varies from 0-2 to 3%. 

Albujiinoids. — ^Theso hare been but little 
studied, but Stutzer (Z. angow. Chem. 1891, 4, 
368) has classified tho nitrogenous ingredients of 
cocoa ns follows : 

(1) Kon-protcids, substances soluble in neutral 

water solution in presence of copper 
hydroxide (theobromine, ammonia, 
and amino compounds). 

(2) Digestible albumen, insoluble in neutral 

■vvntcr solution in presence of copper 
hydroxide, but soluble when treated 
Bucccs.sivcly •\vith gastric juice and 
alkaline pancreas extract. 

(3) Insoluble and indigestible nitrogenous 

compounds. 

According to Stutzor’s analyses, tho proportion 
of albuminoids in cocoa powder mnnufactured 
without chemicals is between 17 and 18%, of 
which 10% is soluble or digestible albumen, tho 
remainder (over 40% of the whole) consisting 
of insoluble and indigc.stiblc sukstancc-s. Forster 
(Hyg. Bund.5chau, 1900, 314). however, main- 
tains that the proportion of digestible albumi- 
noids reaches as high as 80%, his experiments 
being made on thehuman subject, whiFt Stutzer’s 
were conducted under laboratory conditions. 
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Stabch, m ia oleaginous seeds generaBj, b MjyzEai. Marrea. — The ash b coeoa luTa 
not very abundant. Owing, however, to the ranee from 2-4 to 4 5%, the arerege aecordjsg 
occasional necessity to identify and estimate to Zipperer being 3 6% in raw and 3 9% in^ 
foreign starch in cocoa preparations its character roasted kernels. Approximately half the aii 
and proportion in the bean are important. The (which is nch in potash and phosphates) u 
starch grams are nearly spherical with a v er y soluble m water. Theashisnatuiidlylowerthia 
bdistmct nucleus. They hare a tendency to the average when starch or sugar has beea 
unite m small groups of 3 or 4 and rapidly lose added, and higher when fat has bwn abstiarted 
the colour impart^ by iodine. The average or when the cocoa has been adulterated wiii 
8«e is about 0005 mm The proportion m husks or coloured with pigments. A Lri 
which It occurs m the nib has ^n vanoosly alkalinity b the ash of cocoa powders bdiestei 
estimated as from 2 to but many of the treatment with alkali as described in the pte- 

results are too high, owing, no doubt, to the pantion of “ soluble ” cocoa (seeroaFeUeaberg. 
conversion of cellulose into sugar when the acid 31itt. Lebensm. Hyg 1932, 2^ 29). 
method for the starch conversion is employed Cocoa Siratj. — The chemical detection sad 
The diastase method IS preferable m the presence approximate detennination of shell used ia 
of cellulose. The average amount of starch is cocoa products is of use only m cases of grosi 
from 4 to 5%, or about 8% calculated on the adulteration. Microscopic methods are gener^ 
fat-free bean. admitted to be more suitable. In this m- 

TaM.rs A>D CoLomrcc Matter.— I t has nection ron Fellenberg (ihuf. 1921, 12. 301) 
long been known that the raw bean, which is found that a sample of cocoa powder contained 
nearly white, contains an astringent pnnciple stone cells 3-6 times the diameter of the cells 
resembling tannin whieh is rapidly oxidised to characteristic of cocos shell and resembling 
form “ cocoa red,” thus impartmg to cocoa ita (hose of walnuts. These show mostly a tbek 
characteristic colour. Belt states that this wall m the mterior of which are elongstcd 
astnngent substance is different from the tannin pores. Sometimes no thick wall is noticeable, 
of tea and coffee, and that its rapid change to m which case the pores reach the penphery. 
cocoa red, even during the process of analysis, Ihey are noticed in many cocoas nch m shell, 
renders its quantitative estusation difficult, ^ey are characteristic of the cocoa fruit shell 
Adam (.\nalyst, 1928, S3, 269) found that tb« and aamplcs showing thezn tontam shell of ths 
onfermented cocoa bean contains (o) a sub- fruit as well as that of the seed Their presence 
stance belonging to the cstechin senes, (b) a may therefore be taken as a certain indjcstjon of 
catechu tannin, and (c) a compound of cocoa adullerrtion with added shell. Koperbecg 
tannin and caffeine. The colounng matter (Cbem. Weekblad. 1926. 23. 646) suggests thit 
which IS subsequently developed consuts of the stone cells in the defatted msterul should be 
cocoa red and cocos brown, wbch are complex counted and compared with standards containing 
alwration products of the catechu and tanmo a known percentage of shell. He expresses the 
onginally present The cocoa catechm under- opiniOQ.howerer. that theresult can Mregarded 
goes alteration dunng the process of fermentation only as an approximation, as commercial uapin 
and IS absent from the completely fermented are not suffiriently uniform. Gnsbel asd 
Vbean. Fmcke {Z V&ters Lebensm 1928. S$. Sonntag (Z. Unters. Lebensm. 1926, 51, 192) 
(£59) states that both the cocoa red and the agree with this but suggest that it may be 
cocoa brown are tanun substances, the former possible to set limiting figures for each cocoa 
occurring lo ranable amount u the fresh seeds, product based upon this method. Alpers {ibid. 
whilst the latter is gradually prodaced dunng 1927. £4, 463) further draws attention to the 
fermentation, roasting and grmdmg. Steumaiu fact that stone cells in cocoa products are 
(Z. Untcra. Lebensm. 1933, 65, 454), on tbeother deformed and broken up by grinding and regard 
hand, states that the formation of cocoa red in should be had to this fact when companng 
the bean depends mamly upon the type of samples with standards. Plflcker and Stemnick 
white unfevmented beans cemtauv no \tbttl. 183\, 62, 3M) swgges^ a wedw'l fir 
cocoa red which is found only u beans with cleaiung the tissue, colounng with aaframne and 
violet cotyledons. Unfermented beans dned counting the cells. Winkler (3. A«soc. Off- 
in the dark contain no cocoa red, but those aob- Agnc. Chem. 1933, 18, 427) states that crude 
jeettd to the action of light contain free cocoa cellulose is the most promising charactensUc lur 
red which, however, disappears on fermentation, indicating the proportion of shell in cocoa pro- 
The mcreaso in colour xotensity on long fer- ducts, the spread in percentage of this con- 
mentation is ascribed to the liberation of com- atituent m mb and shell bemg much greater than 
Lined cocoa red, induced by the acida, chiefly that of crude fibre. The ash of shells differ* 
acetic, formed dunng fermentation This cocoa from that of mb. being 2-3 times as great, and 
red goes over alowjy mto cocoa brown. The being richer m alkaline carbonates and silica, 
development of the dark brown red colour in Cocoa Fredd-o Meal. — ^IT ie use of the pro* 
the shell of the bean on drying is probably ducts of the cocoa bean in the preparation cl 
a photochemical reaction. Stcuimann further feeding atuffs for animals renders importa nt tn* 
states that whilst cocoa red xs easily soluble findings of investigstors who have 
in alcohol, cocoa brown will dissolve only opinions adverse to such use. RolWa (BulL 

with difficulty, but does so readily in an ScL Pharmacol. 1920, 27, 355) gives, as a reason 

aqueous alkaline solution giving a deep for the unsuitabibty of cocos shell as a bots* 
brown colour. On hydrolysis cocoa red de- food, the high percentage of theobromine, cl 
composes into glueoae, taniun and a resinous which ho found 1-09%. He is of the opinion 
substance. that untreated cocoa shell is unfit for anjosi 
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food, ^fn^c}ndlcr nnd Goujon (Lo Mans, 
J. Pharm. Chim. 1910, 20, 209) state that 
cocoa shell dcpn\cd of its catractiae matter 
IS dtsoid of nutntise aaluo, and its sale ns 
food for animals should bo prohibited. They 
agree s'lth Rofhfa, howcacr, in suggesting that 
the nlknloidal bases of cocoa shell arc dangerously 
toxic, nnd that the shell should bo used 
only m small daily do'cs. With regard 
to cous, Bungcr and Lnmprccht (Milch. Zentr. 
1020, 55, 40) find a decided increase in total 
protein of the milk vhen cocoa meal is fed, 
the casein increasing more than the albumin. 
Lactose, on the other hand, decreases somcahnt. 
Aplin nnd Ellen berger (Vermont Agric. Exp. Sta. 
Bull. 1027, 272) found that cocoa meal in the 
rations of milking cosss increased the proportion 
of fat but reduced the milk yield so that the gain 
in fat production uns small. They further state 
that the theobromine «ns responsible for these 
changes, the caffeine content producing no 
noticeable elfect. Aplin (i5id. 1027, 271) 

also slates that cocoa meal is not a suitable 
ingredient of hog or pig ration, causing litters of 
undersircd pigs hen fed to pregnant son's nnd 
exerting a toxic effect on joung pigs. Robinson 
(f)hio Agric. Exp Sta. Special Circular, 1932, 
20) states that cocoa bean is not of great 
xalue in fattening hogs, nnd attributes the poor 
results to the presence of theobromine and 
enffeinc. 

r G. H. T 

COCONUT, COCOA NUT. The fruit of 
the cocoanut palm. Cocos niici/cra L. The 
fibrous outer husk of the cocoanut jiclds the 
coir fibre largely used in the manufacture of 
matting and cordage. The dried fleshy endo 
sperm of the nut is the copra of commerce, or 
n hen specially cleaned, dried, a rid shredded forms 
the "desiccated cocoanut" or “cokernut” 
used in confectionerj'. The press cake from oil 
extraction, known ns “ cocoanut cake,” is a 
murh X allied cattle food. 

Of the whole nut 30-50% consists of husk ; 
the remainder, the cocoanut usually met with, 
compn-'CS shell 27-28%, fleshy kernel 55-50%, 
“ milk " 17-18%. 

The follow ing arc ax erngo nnalx scs of cocoanut 
products : 




Kernel 

coconnut 

C 

<- 

C c 

•R ^ 

sJ O 

c- 

& 

C 

o 

Water . 

01-5 

40 3 

3-5 

10 7 

5 8 

Protein . 

04 

t 1 

6 3 

19 1 

8 9 

Fat . 

1 5 

37-3 

57-1 

11-1 

67 0 

Carl>ohx drate 

4 0 

79' 

Ul 5 < 

f41-0 

12 4 

kibre 

00 

3 1 

1 14 1 

41 

A‘h . . . 

08 

I'O" 

1-3 

40 

1-8 


* I rom ripe nut?. 




The protein of cocoanut flesh consists almost 
cnlirth of a globulin, conglutin (Ritthausen) or 
phx tox ittllin (Chittenden and Setchell) con- 
taimni: 17 8-18 4^,, N nnd 1 8'’o ash. A small 
amount of a jiroteose is nl-o present. Johns, 
kinks and Gersdorff (J. Biol C'hcm 1919, 37, 
1-1‘k !il«o Jones and Johns, ihid 1920, 44, 283, 
2'd) rvrotxi the nitrogen distribution of the 
plolmliti ns : 


% of total N. 


Amide- N 7-99 

Humin-N I'o 

C> Stine- N 0 96 

Argimnc-N 29 5 i 

Histidine-N . . . . 3 68 j 

Lysme-N 6 41 » 

Amino- N of filtrate . . 45 44 

Non-ammo- N of filtrate . 4 6 


The composition of the products of hj drolysis 


O' 

/O 


Al.anino 4-1 1 

Valine . . . . 3 57 

Leucine 5 96 

Serine 1'76 

Cj’stino 1-44 

Aspartic acid .... 5-12 

Glutamic acid . . . . 19 1 

Tj'rosino 3'18 

Plienylalanine . . . . 2 05 

Prohno 5 54 

Trj ptophan . . . present 

Arginine 15 92 

Ljsino 5 80 

Histidine 2 42 


Lcucylx'ahnc anhj’dndo . 0 64 

Ammonia 1'57 


The milk of the cocoanut consists of an 
emulsion of oil in water stabilised by protein, 
the colloidally dispersed proteins being adsorbed 
at the oil-water interface. The aqueous phase 
contains dissolved sugar (Clemente nnd Villa- 
cortc, Unix'. Philippines Nat. Appl. Sci. Bull. 
1933, 3, 7). In the milk of young nuts sucrose 
13 the principal sugar, nnd small amounts of 
glucose nnd mannitol arc reported. The pro- 
portion of glucose and sucrose appears to rarj- 
considerably in the dilTcrent stages of maturation 
(Dunstan, Trop. Agne. Mag. Ceylon Agne. Soc. 
1906, 26, 377 ; Lahille, Bull. Econ. Indochme. 
1920, 23, 1). According to Gonzalez y Sioco 
(Philippine Agne. Forest, 1914, 3, 25) the ripen- 
ing IS characterised by three stages: (1) com- 
mencement of endosperm formation xxhen 
invert sugar and ammo acids accumulate in the 
milk, (2) diying out of tissue of green nut xxhen 
sucrose is produced, (3) oil formation in the 
endosperm during which the total solids of the 
milk diminish. In dned copra meal, Caray 
(Philippine Agne. 1024, 13, 229) found the 
folloxx ing percentages of carbohx drate materials : 
Bucro'e 14 3, rnflinose 2 4, galactose 2 4, pentoses 
2 4, fructose 1'2, glucose 1-2, cellulose 15 5, 
pentosans 2 2, starch 0 9, dextrin 0 6, galactan 
0 5. 


Buchofen 

records 

the 

follow ing 

mineral 

analx scs : 

Husk. 

Shell. 

Kernel. 

Milk. 

Total ash 

1 63 

0 29 

0 79 

0 38 

K.O . . 

30 71 

45 01 

51 06 

34-57 

Nii,0 . 

27 50 

2J 67 

2 06 

13 96 

Cab . . 

4-14 

6 20 

3-10 

7-43 

MgO. . 

2 19 

1-32 

1-98 

3 07 

FC.O3 . 

051 

1-39 

0 59 

trace 

PrOs . 

1 92 

4 64 

20 33 

5 68 

SO3 . . 

3 13 

r> 75 

S 79 

3 94 

SiO. . . 

8 22 

4 64 

1 31 

2 05 

Cl ■. . 

27 88 

9 44 

9 25 

35 52 



238 


COCONUT. 


SibaII proportions of line occur in the endospersi 
bnt not in the milk (Bertrand and Benzon. Bull. 
Soc, Sci- Hcg. aliment, 1023. 16, 457>. 

A. G. Po. 

COCONUT OIL GROUP. Under thw 
heading is grouped a number of closely aSmilar 
fats (often knovn as the “ nnt oils," or in German 
as ** Leimfette which are denred from the 
seeds of various tropical species of the family 
Palmm. and which differ from other vegetable 
fats by having high saponification values (235- 
265) m conjunction %nth lugh Reicherl-Meisal 
values (5-9) and Polenake values (10-20) : 
the iodine values are fairly low (e. &-25). The 
fairly high Resehert-Meissl values, consequent 
upon the presence of the soluble volatile fatty 
acids, caproic and capryhe acids, bnng these fats 
into superficial relationship with the mammahan 
milk fats; they differ essentially from the 
latter, however, not only m containing vegetable 
phytosterols (m the unsaponifiable fraction) m 
place of the cholesterol of the animal fats, 
bnt also in that the nut oils do not contain 
any hutync acid The presence af the roUCiM 
capryhc and capne acids differentiate the nnt 
oils from other fata (such as those of the Bika 
Fat Group, q.e , and Laurel Fat Group), which 
likewise possess high saporuficstion values 
but do not contam apprecuble amounts of 
acids of lower molecular weight than launc acid, 
and henco display vety low Keiehert Mcissl 
and Polenake values. 

Two fats of this group, (ir coconut oil and 
palm>kemel od. are of very great commeraal 
imMrtance, whilst the trade m babassu nuts 
and murumnru nuts, which has become estab- 
lished withm the last twenty yesrs, seems likely 
to increase. A number of nuts of this groop, 
Buch as eohime nuts (from Orii^ytt cohune 
Mart Dohlgren, f. tnfn), mocaya, Paraguay 
or gru-gru palm nuts (from Aeroeomta snerv- 
carj>a Mart.), tucum and aouara nuts (from 
Atiwfaryum tuevma Mart and Ailrocaryvm 
nlgart sfsrt. (c/. Bray and FlLott, AnalysL 
1916, 41, 29S, Bolton and Hewer, (bid. 
1017. 42. 35 : Fteise, Chem. Umsebau. 1931, 
38, 216), and the nuts of the kokente or 
inaja palm, HaximtltaTux rtijia Mart. (e/. 
Bull. Imp. Inst. 1916, 14. 8; 1927, 

25, 1} occasionally appear on the market as 
sources of coconut'like fsts Cocos bontlli, 
Bccc. is being cultivated eipenmentally at 
Suchum in the Black Sea region ; as might be 
expected, the oil from this species, which 
grows on the northern limit of distnbution of I 
the genns Cocos, has a higher iodine value (ciz. ' 
23-24) than the fata from the tropical members 
of the group, and it is therefore proposed (o 
bj-drogenate the oil. in order to render it more 
acceptable as a substitute for coconut oil (c/. 
S. Ivanov and ALssova, Chem. Umsebau. 
1029. 86, 401). The fats from a number 
of other species, such as the bunty and munty 
palms (J/oun'Im sp.), the jauary palm {Attro- 
eoryttm jauary Mart ), the pinnma palm 
(Cocos tyaqrus Drude), and other species of I 
AUalea, Ma^miliana, etc., are utilized by the' 
natives of the countries in which they grow 
for edible purposes, as burning oils, or in 
pharmacy or soap-making ; it is possible, also. 


t^t auch fats may be included at times in tie 
“ coeonnt oil ” prepared m such distncts. 

It may be pomted out that the fata discussed 
in this article are all derived from the $(tdi 
(kernels) of the palma ; in some instances, for 
example, m the case of the common oil p#Ln 
Elatis guineenais, and the aouara palm, the^. 
carp or fruit-fiesh surrounding the serf is tl«o 
rich In oil, which differs, however, considenUy 
from the coircspondmg seed-fat ; these palri 
frutl fats will be discussed under the headinr 
Pai-H On- 

Coconut Oil is the fat derived from tie 
kernels of the coconut palm, Cocos nuci/era L, 
which grow* on all coasts and island m tie 
tropics The tree is supposed by lie CandoDe 
(ef. A. W. Hill, Nature, 1929. 124, 133, 151) 
to ha\e been mdigenoua to the Jlalayan Archi- 
pelago, whence the seeds, well protected by tie 
envelopmg thick coir, were carried by ee* 
cuTTCnta eastward to the Pacific Islands and tie 
coast of Central America, and to the west to 
Ceylon and Africa, so that it is now foond 
growing wifd, or under semi cuitiration, on all 
tropica) coasts in both hemispheres; it n, 
however, «pecially abundant on the JIslsW 
and Coromandel coasts of India, in (Jeylon, 
and In the East Indian and Pacific Islands. 
Apart from self planted or “ wild ” coeoont 
land, the extent of which cannot be calculated, 
It haa been estimated (1939-1932) that aboot 7} 
■biUiod acres are devoted to the cultivatio&oftie 
coconut, of which aome 96-97% ke m Ant 
and Oc^nia, and about 53% witms the Bntuh 
Empire. Whilst the Indian acreage of loms 
1,330,000 acree le the largest area in any uagle 
country, the whole of the crop is now conntacd 
locallv, leaving no balance for export, asd 
the chief countries exporting copra or eoeonot 
oil, or both, are the Philippme lalanda, the Butch 
East Indies, the South mb Islands, (^yloii, and 
Malaya. (Withm the last few yean the pro- 
portion of the Cingalese exporta destined for 
India has rapidly increased and amounted t« 
95% of the total ehipments from Ceylon m 
1936). The total world shipments of copra 
and Coconut oil (calculated as copra containiag 
65% of oil) from tho principal exporting 
countries arc of the order of IJ to IJ million 
tons per annum, of which, from 10i4-l93(i‘ 
35% (on the average) was furnished by the 
British Empire (includmg Ceylon), and about 
30% each by the Philippine Island and Dutch 
East Indies. These shipments represent about 
57% of the total production, tho balance of <3% 
being consumed locally by the copra prodadsJ 
countries. (For detailed studies of the etatuficsl 
and economic position of coconut oil and copn. 
from which the above figures have 
extracted, see •• Survey of Oilseeds and Ve^ti“* 
Oils,” No 2; "Coconut Palm Products,” Empire 
JIarketmg Board, EJI.B. 61, Dec. 183.^ 
IIAIB.O.! “Vegetable Oils and Oilsee<U 
Imperial Economic Comimttce, 1936, IIMff 0 • 

Fnjj flinirM for Uter j can have not been 

In eolUted form, but It may be estimated 

avalUhjc data (</. "tegeuble Oils and 
Imnerial r.mnrtml,* romra-. 1938) that for UOJ-lgS 




Dutdi East Indies reipeetlvciy. 
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Snodgrafs, " Copra and Coconut Oil,” Leland- 
Sfanford Univ., 1928). 

The coconut industry in Ceylon and Malaya is 
desrribed by F. C. Cooke (Dept. Agrie. S.S. and 
F.M.S. Gen. Ser. 1932, No. 8), -who also makes a 
comparative report on the Philippine Islands 
industry in a later publication (ibid. 1930, 
No. 23 ; f/. Gothwaite, “ Trade in Philippine 
(kjpra and Coconut Oil,” U.S. Dept. Commerce, 
Trade Promol. Ser. No. 11, 1025; Snodgrass, 
I.C.). 

The coconut palm flowers when about 5-7 
years old, and begins to bear fruit from the age 
of about 8 years up to 30 or GO years or more, 
arcordirig to the variety of the plant and cultural 
conditions. The large, drupaceous fruit consists 
of an outer skin and thick fibrous pericarp 
(from which the well-known “ coir " is obtained) 
surrounding the stone or “ nut,” which consists 
of a hard woody shell (cndocarp) within which 
is the coconut kernel or seed. The flc.shy endo- 
siicrm or “ meat ” which contains the fat is 
built up gradually from a milky juice as the 
fruit ripen.s. When the nut is mature, the milky 
juice has almost disappeared, and the endosperm 
forms the well-known hollow kernel, in which 
the remainder of the juice (the coconut " milk ”) 
is enclosed. The fresh “ meat ” contains from 
30-10% of fat and 50% of moisture. 

Since the earliest times in the history of man, 
coconut kcnicls have been used ns articles of 
food by tlie natives of the South Sea Islands and I 
of India : the oil first became known in Europe 
in the eighteenth century, but neither the oil 
nor copra was imported in any notable quan- 
tities until 1820 (c/. Sonmes, Il.P. 5842, 1829). 
In the United States, which is now the largest 
consumer of coconut oil outside the copra- 
producing areas (apparent consumption, c. 
200,000 to 330,000 tons per annum), the utiliza- 
tion of coconut oii in soap-making only dates 
from the beginning of this centurj’, whilst its 
employment in the manufneturo of margarine 
has only developed since the IVorld War. 

Franco now follows the United States ns the 
pccond largc.st non-tropical consumer of the oil 
(e. 120,000 tons per annum), whilst Germany, 
vhich was by far the biggest consumer in pre- 
Wnr days and held second place from 1924 to 
1929, fell to third place in 1930, and was just 
Buiicrscdcd in apparent con.sumption by the 
United Kingdom with 92,000 tons in 1931. 

The most primitive native method of obtaining 
the oil consisted in merely chopping up the 
kernels and exposing the pieces to the sun 
xmtil the oil exuded and could be collected. In 
India, where at an c.arly date the oil was 
I'xtensively used for food and in pharmacy, 
more refined method.'', which form the basis of 
prvscnt-day commercial practice, were employed. 

After removing the fibre the nuts were split, 
the " milk ” poured oil, and the half-nuta 
cxpci'ctl to the sun until the kernels were 
drittl and could easily Ix" detached from the 
fhclls; the dried kenicls were then triturated 
and cxprcf.sc<l in order to recover the oil. The 
re»idu.il ma.ss (" coconut poonac ”) was used as a 
cattle-food. The l>cst quality of oil — the 
original " Goebin oil ” from the ilalabar co.ast — 
was prep-ared by throwing the pounded, dried 


kernels into boiling water and skimming off the 
liberated oil. The reputation of Cochin oil was 
such that the terra has come to bo used to 
designate the finest, whitest grades of oil, 
regardless of the place of origin or of the method 
employed to prepare the oil (as stated above, 
Indian-produced oil (and copra) is no longer 
exported to Europe). “ Ceylon oil ” was pre- 
pared in Ceylon by similar methods, but, owing 
to various circumstances, represented as a ndo a 
slightly inferior grade of oil having a somewhat 
higher content of free fatty acid than the 
Malabar product. 

A further expansion in the coconut industry 
followed when it was recognized that, whereas 
the fresh, moist kernels readily putrefy, eausing 
hydrolysis and rancidification of the oil, well- 
dried kernels (containing less than 8% of water) 
could bo preserved for a considerable time 
without damage to the contained oil, so that 
the drying treatment developed into a manu- 
facturing process for producing the dried kernel 
— copra — for export to Europe and the United 
States, where the oil could bo expressed on the 
largo scale with modern machinery. Formerly, 
apart from the Cochin and Ceylon oils (amount- 
ing to about 10% of the total), all the industrial 
coconut oil (“ copra oil ”) was thus prepared in 
the consuming countries from imported copra, 
and it is still true to-day that copra bulks far 
larger in the exports from tho producing areas 
than docs coconut oil. There has been a growing 
tendency, however, witliin recent years to 
establish modern oil mills in the principal copra- 
producing districts, such ns tho Philippine 
Islands, Ceylon, Dutch East Indies, and 
Malaya, and to o.\port tho oil ns such, so that in 
tho period 1927-1930 about one-quarter of 
the aggregate exports of copra and coconut oil 
from tho copra-producing areas was shipped in 
the form of oil (E.M.B. 01, Z.c.). Formerly a 
sharp distinction existed between “ sun-dried ’’ 
copra and “ kiln-dried ” or “ smoke-dried ” 
copra; for a given typo of coconut, a "sun- 
dried ” product, prepared by exposing the split 
nuts to tho sun for several days, is tho bettor, 
since it yields a paler and less acid oil ; but in 
regions where tho climate does not permit of 
this process, recourse must bo had to artificial 
drying, and tho split nuts are “ kiln-dried ” or 
“ smoke-dried ” by spreading them on (bamboo) 
grids supported over a fire of coconut shells and 
husks (r/. F. C. Cooke, l.c., also Malay. Agric. 
J. 1930, 24. 107, 332; 1937, 25, 93). Even in 
Ceylon (which produces tho highest-priced 
copra) it is now tho usual practice to allow only a 
preliminary drying in tho sun (for 1-2 days) 
and to complete tho drying in the hot kilns 
(4-0 dn3-s) ; hence the term “ sun-dried ” has 
come to lose its original narrow significance, and 
I is xiscd in tho trade as a dc-signation of quabty 
in copra, without c.special reference to the mode 
of drying. In the somewhat primitive kilns 
employed, the fumes from tho fire obtain ready 
access to the copra itself and impart to it a 
peculiar cmpyrcumntic odour and also cause a 
certairr amount of discoloration, and, occasion- 
ally, scorching; tho quality of tho product 
(which is judged by the appearance of the 
copra and by the colour, etc., of the oil obtain- 
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Tablz I. 

UsCAi, AsALTncAi, Chaeactoustics or Fats or rae Cocoitor On. Gaorr. 



Coconut olL* 

Palm keme! 
rit* 

Cohune nut 
oiL 

Babassu fat. 

Monimara 

fat. 

Melting-point . . . 

23“-28“C. 

23“-30^. 

18’-20“C. 

22*-26“C. 

32°-35T. 

Specific gravity . . 

(>30“C.) 
c. 0 874/n 

OSff-C) 
e. 0 873/^ 

0 868-0 871/]* 

C. 0 867/Jf 

_ 

Iodine value 

8-10 

15-23* 

9-14 

8-17 


Saponification value . 

(7 5-9 5) 
250-2M 

(14-19) 

243-250 

231-256 

246-263 

237-212 


«255) 

6-8 

(242-252) 
5-7 5 

68-85 

5-9 


Polenske value . . 

15-20 

10-12 

12 5-15 5 

4-13 3 

t.7 

Bertram A-value . 

27 4-30 5 

16 5-17(11) 


(usually 

11-13) 

19 5, 24-1 (6) 

8 7(0 

Bertram B.value . 

25-3 1 

1 8-2 1(a) 

— 

1-9-2 0 (6) 

14(0 

Hehner value (insoluble 
fatty acids) 

88-91% 

e 90% 


88-91% 

c. 93% 

Unsaponifisble matter. 

c.0 2^{> 
(>0-8%) 
20“-23“C. 

0 2-0 8% 

0 5% 

0 3-0 8% 

03-06% 

Titre (f p. of fatty acids) 

20“~25“C. 

e. 21“C. 

21*-24"C. 

r.26“a 


(d) Foot samples, Uborttor? prepared. <ft) Two samples (<) Oae simple. 

^ Flffores in brsekelsdeaote limits ipecdIM to ItrUls)tSUDiUrdSpeciflcstIoD62S for Coconut Oil; refrsctirr 
Indent 4U*C , I 41Si-l tm . rnefiter sclds(esloulatedsshuricsejd), >5*,. 

* Flsurei In brsckets denote limits ifieclAed In Dritlslt Sticdsrd SwcIScatlon C52 for Crude rstrekerscl 
Oil; refnethe Index at 4Ci*C , 1 41^1 451. freefattr •cldstcalcDUted as Uurleacid), >6”e. 

* Tl>esrere;e \MJs iodine M|ue for oter 1,000 umplet examined br EUisand Uall(J SCI 4019. 8S. 12iT) 
was 18-0 for the crude oils and 18 1 for thereflitcdoib, ibemletnun and maximum ealues beins 15 5 and £29 
mpecileely. 


able from it) depends on the cure with which the 
drying process u conducted. In many of the 
larger eatatee outside Ceylon hot-air drying is 
employed, and m a few places, modem aystems 
of kiln- or furnace-drying (rotarr dnere, 
vacuum dnere) bare been installed, whicb yield 
a product of rcry high quality. Stnctly auo- 
. dned copra contains, on the arerage. 60% of 
' fat; biln.dticd copra of good quality ehould 
contain about 4~6% of water and yield about 
05% of oil with a free fatty acid contest of leas 
than 1% (f/. E. B. Copeland, ’* The Coconut,” 
1031). In certain types of Uln-dned or hot air 
dned copra, the percentage of oil may nse to 
over 70^a. 

The copra is expressed in oil nulls in a tnanner 
Bimilar to that in which oil seeds generally ate 
worked up. In India, quite good results are 
obtained in native mills of tho pestle end 
mortsr type, but in tho Philippine Islsnds, and 
other up-to-dste tropical estshhahments, the 
oQ for export is expressed ui modem xnarbinery 
of the same type as is current in Europe or in 
the United States. Owing to the high oJ con* 
tent, copra is expressed in two stages at a 
temperature of 60-65“, box-pressee (Anglo* 
Amencan typo), cage-presses or expellers being 
employed: the practical yield vanes from 
63^0 to 66%, according to the proportion of od 
in the copra. The quality of the oil and the 
proportion of free fatty acids ‘ depend upon the 
quality and condition of the raw material. 
Ihe press coke obtained as a by-product of the 

* In rerortlntf the free acidity of coeonuC oil, etc. 
It l> usual to cxprcif the percentage of free fhtty 
acids in Urma of laurle acid 


I expression, which contains from 0-10% of oQ 
'(when prepar^ in modem mills), and aboot 
1 20% of proteins, is used as a rattle food er 
I fertiliser; the preparation of a preameal 
jeuiUble for human consumption has bees pro- 
posed (tf. PsTker and Bnll, Phibppine J. Scu 
im.A.12, 87). 

Coconut oil expressed in the tropics, os well u 
copra, IS now largely ahipped in bulk ; tbe copra 
may be unloaded by mechanical means similar 
to those employed for discharging gram (e/. 
A. W. Allen, Chem. Met. Eng 1923.29.0H): 
the oil is melted (if necessary) by means of 
Bteam. coils situated in the ships' tanks before 
pumping into shore-tanks. 

In temperate cbmates, coconut oil is a sold 
white fat of bland taste having a peculiar, knt 
not unpleasant, odour of coconut meat. Tbe 
odorous aubatances, which are present in verr 
email amount, consist chiefly of methyl heptyl 
ketone and methyl nooyl ketone (Haller and 
Lassleur, Compt. rend. 1910, 151, 697; Sal*iy. 
J.C.S. 1917, 111, 407; Brooke, PhiLpproeJ.BA 
1926, 80, 201). These two ketones. tojKtber 
with certain other volatde ketones, csrbinol!. 
etc , are removed in the deodomiog *1“ 
refining of coconnt oil for edible purposes 
When crude coconut oil is stored for lorg 
periods in the liquid condition, a waxy aemmeDt 
may bo formed, from which a purified wax 
(yielding myncyj alcohol and cerotie acid upon 
aaponification) can be recovered, which is 
to be snilable for use as sn ingredient of poluhrs 
(Tanchico, Philippme J, Sci. 1035. 57,423); tb« 
sediment is not to be confused with any “ 
or remains of the ptess-meal, which are normally 
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tirelj, by BSiser find Schneider {Z. Unters. by dilute cAustie alk&lls ; on the other hui 
ITahr.-Genussm. 1924, 47, 61), and by Bomer they are bo readily converted into soap fc. 
and lluttig (Z. Unters. Lebensm. 1938, means of concentrated caustic solutions that t 
75. 1). simple mixing of the oil with the equiralfat 

In consequence of the high content of acids of quantity of strong lye fit about 40“-40HX 
low molecular weight (tho mean Diolecular aufilces to initiate the reaction, which proctedj 
weight of the total fatty acids of coconut <rI. spontaneously to completion with the erolutioa 
for instance, averages 209 as compared with of heat. Accordingly, coconut oil is extcnsivtir 
270-290 for other fata such as palm oil, olive employed for the manufacture of soaps by tha 
oil, etc.), the yield of glycerol from thesaponifiea* sO'Called “ cold process ” 
tion of the nut oils (theoretically 13 5-14 1%) Minor amounts of coconut oil are used in tin 
is higher than the yield (theoretically 103- manufactuTC of pharmaceutical and cosmetic 
11%) from other soap making fata preparations, confectionery fillings, and labn 

Refined and deodorised coconut oil (or palm- cants 
kernel oil. v. la/ra) is used to an enormous Owing to its high Beichert-MeissI value, coco- 
extent as a raw material for the manufacture of nnt oil, or marganne mixtures containing it, 
margarine, and accounts, in fact, for aome may be used to adulterate butter. Methods for 
69-66% of the total fats consumed for this tbo detection of coconut oil m butter or Dir 
purpose m the United States. In Europe, the ganns are based on the detection and estimation 
proportion of coconut, oil employed for mar of the insoluble volatile fatty acids (csptyLe 
ganno is lower (aome 29-30% of the total fata and rapnc acids) through the ansljdical deter 
used) owing partly to replacement by palm minations of the PolwLt cofue (e/. SalkovsLt, 
kerne] oil and, especially, to the rapidly increas- Z anal Chem. 16S7, 26. 582 ; Polenikr, 
mg use of hydrogenated whale oil Arb Kaiscrl. Gesundb -amt. 1994, 545; Lerko. 

It is aUo used as an ingredient of ahorteninga witseh, “ Oils, Fats, and %Vax»,” 6tii eA, 
and as a cooking fat (“vegetable butter *'). vol 2, pp 643 tl tel); Bertram A- and fi 
especially on the Continent, where auch pre ttifuea (Bertram. Bos and Verhngen, Cbcm 
parationa as beurre and paimine ronsiat Weekblad, 1923. 20, 610; Z. deut Oel u Felt 

almost entirely of palm kernel or coconut oil , Ind 1924,44,459, , Bertram. vanderSteur, and 
in the tropics, also, coconut oil is commonly Verhagen, Cbcm. WeckblaJ, 1925, 22, 549, 
employed as a cooking oil e(. Kimlmann and Grossfeld, Z Unten b'ahr. 

Coconut eteonn (iodine value 4-7, m p 27*- Genuasm 1925, 50, 339, (with Baumann). iW 
32‘C, saponification value 250-260), which la 1026.61,27); copryfie and tuluc (Grossfeld, Z 
obtained by filter pressing cooled refined Unten. Bebensm. 1928, 65, 354), or re/idssl 
coconut oil so sis to remove the more bquid number (“ Restzahl “ ; r/. Grossfeld, ihid 1933, 
glycerides, is used as a chocolate — and con 64, 433). For the detection of tbe nut oils 
fectionery — fat v ). Lightly hydrogenated on the basis of their high content of launc and 
(hardened) coconut oil IS also used for the same nynstie acids, r/. Shrewsbury and XoaPt<, 
purpose. The expressed liquid portion — Analyst, 1910, 66, 3S5, 1912, 37, 3, EIhu 
*' (oetmui oUtn " — is used m the United States and Bagsbawe, i5td. 1917. 42. 72 , BUdon, i5id 
forfryina confcctionerynuts orforsoap-makiog. 295, Grossfeld and Miermeiater. Z. Unters. 
A considerable quantity of technical coconut Lebensm. 1923, 55, 629 , ibid 56, 423 A 
ateann, prepared by pressing inferior (yades of quatitativeteBtforthedctectionofcoconutoilu 
the oil, was formerly used in the manufacture ^ butter fat, which la based upon the microscopies] 
night lights (f CsKDLES) appearance of the crystals obtained on re 

The technical grades of coconut oil are used crystslhsing the fat from ether, is desenbed by 
in enormous quantities in the manufacture of Huika (Analyst, 1907, S2. 160 ; see Lcwkcnitscb, 
soaps. Owing to the low content of unsaturated I c , pp. 857-858). Similar methods are applied 
acids, and tbe presence of a large proportioii for the detection of coconut oil, etc , in eseso 
of saturated acids of low molecular weight, the butter (q w., e/. alto Cohn, Z. angew. Chem. 1921, 
sodium soap of coconut oil (or palm kernel oil, 37, 304 ; Kulhmann and Grosfild, »5uf. 1928, 
etc ) possesses great hardness and the power to 39, 24 , Hfirtel and Jlaranis, Z. Unters. JCabr • 
retain considerable quantities of water without Genuasm. 1924, 47 , 205) and ooap. Methods 
becoming soft and also a high solubihty and good for tbe estimation of butt«r/al m mixtures con 
lathering properties in cold water and in salt taming coconut oil (e g. margarine, chocowte) 
water. Further, coconut oil soape are not depend upon the determination of the conteat 
thrown out of solution (" salted out ”) by of tolvik wlatilt acids (butync and cspmie 
moderate concentrations of salt, os is tbe case acids) in the fat s reference may be made la tbs 
with the soaps of other fats, hence the nut methods of Kirschner (Z. Unters. 
oils constitute the essential raw mstenal for the Genusam. 1905, 9, 65 ; ef. Dolton, Richmond 
manufacture of marine soaps for use m sen- and Revis, Analyst, 1912, 37, 183; C<xk» snd 
wsfer. Owing to the hardness, solubility, and Nightingale, thid 1928,63,322; Soc.Pub.Aos*-, 
ready Uthenng power of its soap, coconut oil Anal. Comm. Rept , liid. 1030. 61, 408; ▼*" 
(or palm kernel oil) is also an important der iJian, Rec. Trav. chim. 1932, 41. 721): o 
ingredient of roost other types of 8oa|^ and, Kuhlmann and Grossfeld (Z. Unters. Icbcn^ 
esMcialJy, of quick-lalhering household soapa, 1925, 60, 330 : calculation from the 
fisikes. shampoos, ahaving soaps, etc, intended ifetssi and saponi/ca/ion raUes, r/. I rit^ - 
for use m luke-warm water. lAuf 1929, 68,592): of Kuhlmann and 6^ 

The nut oils further differ from other types of feld (Z Unters Lebensm. 1920, 51, 3l ; 
soap oila in that they are not easily saponified feld, ibid. 203 ; ibid. 1927, 53, 391 > ortann 
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tion of bvl’jric acid value) : nnd of Bertram, Bos 
and Vcrhngcn (l.c. supra: determination of A- 
nnd B- values). 

Since coconut oil and palm-kcmol oil arc so 
rlopely similar, differing chiefly in the amount of 
insnluhle volatile acids present (Polcnske vnlnc), 
it is extremely difficult, and may bo impossible, 
to decide by analysis svhich of the two is present 
In a mixture of other fats (c.g. margarine), if 
no information ns to origin is available. The 
determination of the composition of a mixture 
of the two nut oils is seldom required, ns these 
fats are rarely adnlterntcd the one ■with the 
other; approximate methods for the purpose 
depending chiefly upon slight differences in tho 
composition of the “ Polcnsho acids ’’ from tho 
two fats are dc.scribed by van Kregten, Chem. 
fVeelcblnd, lOlb, 12. 788; Blichfeldt, J.S.C.I. 
IfllO, 88, ir.OT; Stokoc, ihid. 1021, 40. bVT; 
Gilmour, Annlvst, 1025, 60, 110; Elsdon, ibid. 
1027,52,03. 

Palm-kernel OH is obtained from tho 
soeri-kcmels of (ho oil-palm Elaeis guinceiisis 
Jneq., which is indigenous to West Africa but 
also cultivated in the Dutch Ea.st Indies, Malaya, 
nnd other tropical countries. More than 05% 
of tho palm kernels entering world-trade, 
however, come from Africa — British West Africa, 
French W. nnd Equatorial Africa, and tho 
Belgian Congo being the principal producing 
areas ; in (ho Asiatic regions tho palm kernel 
industry is subordinate to tho production of 
palm oil, nnd of minor importnnoo at present. 
Tho " palm nuts " {i.c. tho *' stones " of tho 
dnipareous fruit.s) are separated from tho olea- 
ginous fruit-pulp when tho latter is worked 
up for tho production of palm oil, Tho 
" nuts ” arc dried by c.xposuro to tho sun or in 
kilns Biiflieicntly to loosen tho kernels (scerls) 
within tho shells, and tho comparatively thin 
slielLs art) craeked by native hand-labour or by 
machinery. Tho kcmcl.s aro then Feparnted from 
the shell-fragments by screening or by flotation 
in brine or clay-water (sp.gr. 1-1-1-5), dried if 
nee<-.ssary, nnd exported in bulk to Europe or 
the United States. Unliko palm oil nnd coconut 
oil, palm kernel oil is not prepared (except for 
local or native consumption) in tho palm-growing 
regions, tho expoi'.s l)eing confined to the Rliclled 
kernels. In Europe, etc., tho kernels are crushed 
and e\pre?se<l in the msual way in two utagea at 
•I5''-G0 (J., yielding -13—15% of oil on tho largo 
sralr, .4 it'iiain amount of oil is also recovered 
(in Europe) by extraction with solvents. 

The press. r.ake contains 0-8% of oil nnd af>out 
of nitrogen : it is employed in tho feeding 
of dairy cow.s nnd other farm animals (c/. 
” Use of Oil Cakes and Extracted 3fral.s,” 
Ministra- of .■\gricultun' nnd Fishcric.s, Bull. 
No. 1 1, 2nd ed.. 1937 ; Anon., Bull. Imp. Inst, 
lf>1.5. 13, 1,')1, 410 ; C. Crowther ct al. ,J. .Agric. 
Sei. 1017, 8. 420. 451 ; W. Go<lden. ibid. 410). 

P.alm-kenu'l oil is svhite to pale yellow in 
colour and resembles coconut oil in composition 
(e,f- Tables I, H, 111), appearance, nnd odour ; 
as in the c-s-e of coconut oil, tho characteristic 
aroma .apjs-ars to Ite due largely to tho prc-scnce 
of methyl nnnvl ketone (Salway, ,1.C.S. 1017. 
Ill, 407). It IS list'd for the p.ime purpo'o.s as 
V'.’conut od ; pn'S’cd ''prim n:j.' stearin" 


like tho corresponding “ coconut stearin.” is 
employed as a chocolate fat, nnd the “ palm nut 
olein " for soap-making. Palm kernel oil is 
generally regarded ns slightly inferior to 
coconut’ oil nnd, as a rule, commands a lower 
price; tho choice between tho two fats is, 
however, largely influenced by geographical nnd 
politico-economic considerations and trading 
custom. Thus, before tho Great War, Germany 
held a virtual monopoly of tho palm kernel 
crushing industry, exporting tho surplus oil to 
the United Kingdom nnd other countries, nnd 
since 1025-20 hns recaptured her position ns 
premier producer nnd consumer of tho oil, in 
spito of tho growth of important palm kernel 
crushing industries in tho United Kingdom, 
Franco and other countries. Imports of palm 
kernels have been of tho order of 250,000- 
300,000 tons per annum from 1927-1935 
(374.000 tons in 1936 and 322,500 tons in 
1937) into Germany, nnd 130,000-160,000 
tons per annum into England over tho same 
period (c. 200,000-250,000 tons per annum 
from 1920-1926) ; French imports of tho 
kernels, which were only of tho order of 12,000 
tons per annum in 1928-1933, have latterly 
shown a notable incrcaso to 119,400 tons in 
1036 (69,000 tons in 1937). Total imports of 
kernels into tho principal importing countries 
have been 594,200, 735,800, nnd 675,050 tons in 
193.5, 1930, and 1937 respectively (cf. " Review 
of Oil nnd Fat Markets,” 1937, H. M. Fnuro 
k Co. ; for a detailed survey up to 1932 of 
tho production nnd trade in palm kernels nnd 
palm kernel oil in British nnd foreign countries, 
ff. ” Survey of Vegetable Oil Seeds nnd Oils, 
vol. 1, Oil Palm Products,” Empire Marketing 
Board, E.M.B. 54, 1932, II.M.S.O.). 

For tho determination of palm kernel oil in 
mixtures, see under Coconut (iil. 

Babassu Oil is obtained from tho kernels of 
(ho Brazilian bnbassu palm, Orhignya speciosa 
Barb. Rodr. {^Orbignya Marliana),^ Tho 
woody cndocarp (” shell ") is extremoh' hard, 
and considerable difficulty has been experienced 
in devising machinery capable of splitting this 
shell xvithout causing excessive damage to tho 
2-0 small kernels (which only weigh nbout 4—6 g. 
each) contnined therein. The kernels contain 
from 63-70% of fat (c/. Tables I, 11,111), which 
closely rc.scmblcs coconut oil nnd is used for 
similar purpo.scs. Tho woody shells may bo 
ii.'cd n.s a fuel, or subjected to destnictivc 
distillation for the recovery of ncetic ncid, etc., 
nnd metallurgical charco.al. Bab.i.s.su fat is 
one of tho prinrip.al native fats of Brazil, nnd 
since about 1915 considerable quantities of 
tho kernels have been exported to Europe, 
and, more recently, to tho United States. As 
in the case of tho coconut, the prc.ss-cake is 
•suitable for use as cattle-food (c/. .-Vnon., Bull. 
Imp. Inst. 1929, 27, 286; “The Bnb.a.s9u,” 
Ministry of .Agric., Rio do .Tnneiro, 1930; Arie, 
.Arch. Inst. Biolog. Silo Paulo, 1931, (4), 301 ; 
Hcidu.schka nnd Agsten, l.c.. Table II). 

Cohunc Nut OH. from the seeds of Orti'onva 
eokane Mart. D.ahlgrcn (-Attalea cohune 

* AVli-n bab.-v^su nuts Cr^t aprs..vrs(I nn tbs market 
th<-y wrre fr<'<m'‘ntly wronely aitrilmtM to the fibre 
pilm (•* r'.i?-*-ava •’) AU-rtca /uni/era M.art. 
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3Iart.) indjgenoua to British Honduru and 
Ceotral America, haa ao far been of little com* 
mercial importance, owing largely to lack of 
development on the agricultaral aide of the 
industry, and to the diEBcolties espenenc^ in 
providing machinery in place of laborioua 
hand-labour to crack the amall bard nuts. The 
kernels (amounting to &-10% of the whole 
fruit) contain from 48-70% of fat (ef. Tables I, 
II), which IS, as a rule, aligbtly softer than 
coconut oil (c/. Bull. Imp. Inst. 1914, 12, 237; 
1934, 32, 409 ; HUditch and Vidyarthi, J.S.C.I. 
1928, 47. 35T). 

Murumuru Fat, from the thin-ehelled seeds 
of another Brazilian palm, Atirocaryum mvnt- 
muru Mart., is a ba^, brittle fat reacmbhng 
coconut stearin, and is similarly emplo;)ed as a 
chocolate fat. 

Although it may be included among the nut 
oils for convenience, it will be seen from Table II 
that murumuru fat contains a much smaller 
proportion of caprylie and capnc acids than do 
the typical fats of the group (the Beicberi-Metssl 
and Folensko values are correspondingly low), 
and in this respect it approaches the fats of the 
Dika group, although the content of mynstic 
acid is much lower than in the latter case. 

Similarly, the kernel fats of the palms Astro- 
caryum tucuma Mart. (Collin, Biocbem. J. 1033, 
27, 13C6) and Areea caltehu (the arcca or betel- 
nut palm) (Rathje, Arch. Pharm 1908, 246, 
702) nave a high content of launc and nynstie 
acids, but are comparatively poor in the lower 
acids : these fats have no commercial aigni6* 
cance other than for local consumption in the 
countries of origin. 

Khakan Fat, which is chemically vcryeimilar 
to coconut oil, 18 not derived from a palm 
but from the unrelated plant Salvadora olsotdts 
Done (fam. Salvadoraces), end wJI be discoased 
under Kiuxax Fat. 

E. L. 

COCOSITOL, m p. 342% optically inactive, 
a natural inactive form of inositol, is identical 
with Bcyllitol and quercine (Hugo MliDer, J.CS. 
1912, 101, 2383). It was found by him in the 
leaves of two species of Cocos {C. plumosa and 
C. nucifera). The term scyUitol onlyis retained. 

E. F. A. 

COO^M,We, mii. 12^127“ 

(hexagonal prisms from Et}0),isamlnor opium 
alkaloid. The base was first isolated from opium 
by Hesse (Annalen, 1870, 153, 66). It reacts 
strongly alkalme, is moderately soluble in H^O 
and very soluble in EtOH. It gives a green 
colour with ferric cblonde, and mtric acid dis- 
solves the alkaloid formmg a dark green liquid. 

Spath and Epstein (Ber. 1926, 69. [BJ. 2791) 
obtained d-laudanosine by methylation of cod- 
amine and have conclusively demonstrated 
that the alkaloid is a laudanoaine derivative 
with a phenoLc OH-group in 7-po8iUon 


OMe 



HL GROUP. 

CODEINE. Ci,H,,0,N,HtO, an ho- 
qoinolme alkaloid, exists in Turkey opium in the 
proportion of about 0-75% .while m the Persian 
or Indian varieties the average is about 2 25%. 

CODEONAL. Combination of codeine 
diethylbarbiturate, 2 parts, and sodium diethyl- 
barbiturate, 15 parts, in tablet form. It is a 
sedative and hypnotic (A'noli, Ludwigihafem 
Pkarnuueutieal Products, London). B.P.C. 

COD'LIVER OIL, in the narrowest sense, 
IS the oil obtained from the livers of the European 
and American cod-fish, Gadus morrAua L. 
{O, eallanas), and the Japanese cod (“ madara ” 
or “ tara ’’), O. macToetphalus Tilesius ; in 
ordinary practice, however, which is sanction^ 
by the defimtions of the pbarmacopccias of the 
various countnes, the term “ cod liver oil " 
includes the eqoivalent Lrer oils from alhed 
species of Gadus or of the family Gadidx, t g. 
the pollack (G.polincAius}, the coal fish or saithe 
{O. wens, Q. eaiionanus, Pollachius virens), 
hake {Jlferlueeius tnerlueeius), hng (3/oii'a 
ffloira), the JspsiReBoPolUtehtus Brandiit, Jordan 
and Snyder. In Japan, another species of cod, 
the “snketodara ’* (** sukeso-dara ") — Theragra 
chaUogramma Pallaa {Gadus chalcogTamms]~vs 
caught in large quantities, but up to the 
present the hver-oil has not been used for 
medicinal purposes. 

The cod appear annually at certain seasons 
of the year m enormous sbosls m the coastal 
regions of the northern sess in latitudes above 
45*N. i and, cofTespondingly, important fishing 
grounds have grown up on the coasts of Norway, 
Scotland, Iceland, Newfoundland, on both 
eastern and western coasts of Canada and the 
United States, and off tbs shores of Japan and 
Siberia. As a result of the introduction of 
factory ships, even more remote fishing-grounds, 
such as those at Bear Island, Spitsbergen, can 
be developed for the production of first-class 
oils. Whilst the oldest and probably the best- 
known commercial fishing grounds are those of 
Norway, whence cod liver oil (“ Bergentran "} 
was exported (for leather dressing) as early as 
the fifteenth century, the Newfoundland 
industry is also of considerable antiquity, and 
records exist of the export of “tram oil ” (cod- 
oil) to England from the aeventeenth century. 
Tifia area » now Vietwanig vtitmawig\y mpoi- 
tant for the production of high grade medicinal 
oils, the bulk of which are exported to Canada 
and the United States. Both m Newfoundland 
and Norway, the preparation of medicinal 
cod liver oil is conducted under strict Govern- 
ment supervuion. The production of medicinal 
oils on the east coast of the United States 
and in Japan is also considerable. Until 
recently the uiteresta of the English native 
industry were restneted to the technical “ cod ” 
oils, hut of late years efforta have been made to 
promote manufacture of domestio medicmal 
oils. 

In the Newfoundland and Lofoten fisheriea of 
Norway the catch consista exclusively of cod, 
but in the Finmark fishery of Norway and 
the English coastal fishery, saithe, pollack, 
hake, ling, and other closely allied members of 
the cod family are included. The liver oils of 
these fish, however, are closely similar in 
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chemical composition to that of the true cod, 
and since they are equal to, or in some cases 
superior to, pure cod -liver oil in vitamin potency, 
no objection to their presence is made. In the 
Lofoten fishery the fish are taken during the 
sparvning season in a fasting condition, and the 
livers are poorer in oil than those obtained &om 
the fish ■which are caught in the Finmark 
or “ Lodde ’’-fishing season, and off Newfound- 
land, when the cod is feeding actively and in 
a well-nourished state. 

In the oldest process for the recovery of cod- 
liver oil, the livers, after removal from the 
fish, were heaped up in barrels and allowed to 
undergo spontaneous putrefaction in order to 
decompose the liver c^lls and permit the oil to 
exude, which was dra'wn off at intervals as the 
rotting proceeded, in fractions ranging from 
pale bro'wn to almost black in colour; the 
process might be accelerated by exposing 
the barrels to the stm. Some improvement 
in the quality of the oil was effected by careful 
selection of sound livers, and the removal of 
blood of the gall-bladders and other visceral 
matter before treatment, but, nevertheless, even 
the best oils prepared by the “ rotting ” method 
were contaminated rvith decomposition products 
of the liver tissue (organic bases) and possessed 
a rank, fishy odour and nauseous taste.^ This 
crude method of preparing the oil is now 
practically obsolete and, except in a few 
primitive installations producing low-grade 
oils, has been replaced by the “ steaming 
process.” In the original process introdoced by 
Charles Fox in Newfoundland (1848, cf. Munn, 
Montreal Pharm. J. 1914, 25, 192) and developed 
by P. JloUer in Norway, 1853 {cf. Moller, 
“ Cod-liver Oil and Chemistry,” 1895), the fresh, 
sound, washed livers were rendered in steam- 
jacketed pans, but to-day it is more usual to 
“ cook ” the livers with open steam (at a 
pressure of from 39-100 Ib./sq. in.) which is 
blown directly into the mass of fresh livers 
contained in an open or cxjvered pan. 

For the production of the finest (medicinal) 
grade of oil, tin-lined pans or vessels of non- 
corroding metal, are employed, and only 
sound livers in the freshest possible condition are 
taken ; all diseased or discoloured livers are 
rejected and worked up separately for the 
technical grades of oil. The gall-bladders are 
removed, and the livers are thoroughly washed 
before steaming, which is continu^ for a 
sufficient time (about 30 minutes) to ensure 
the destruction of any fat-sph'tting enzymes, 
which might otherwise cause deterioration of 
the oil during subsequent storage. The oil 
which separates fireely from the livers is dipped 
off, strained, and allowed to stand in order 
that traces of liver tissue and moisture may 
settle out, and the purification is completed, if 
necessary, by filtration, centrifuging, or treat- 
ment with fuller’s earth ; finaUy, the oil is 
packed into tin-lined barrels for transport or 
storage. In order to prevent deterioration of the 
oil and loss of vitamin-potency through oxida- 

^ Details of the “rotting” process and the early 
Keaming process are described by Jloiler, “ Cod-liver 
Oil and Chemistry,” London, 1895 ; ef. also Lewko- 
witsch, “ Oils, Fats, and tVaxes,” 6th ed., vol. H, 
p. 437. - ’ 


tion, exposure of the oil to air and light is 
minimised throughout the operations. (For 
further details of the preparation of medicinal 
cod-liver oil in Norway, Newfoundland and 
Iceland, ef. Zilva and Drummond, J.S.C.I. 
1922, 41, 2S0T: 1923, 42, 185T, 250T; Drum- 
mond and Hilditch, “ Relative Values of Cod- 
liver Oils from Various Sources,” Empire 
JIarketing Board, Pub. No. 35, 1930 ; Le Gall, 
Rev. Trav. Off. Peches marit 1930, 3, 1030 ; 
Chabre, Thesis, Paris, 1936 ; Maepherson, 
Bull. 3, Fish Sect. Dept. Nat. Resources, 
Newfoimdland, 1937). 

The medicinal oil obtained in this manner is 
consumed as “ congealing oil ” in those countries 
where the pharmacopoeia or popular taste raises 
no objections to such an oil, which deposits a 
solid “ stearin ” when exposed to low tempera- 
tures. In England and certain other countries, 
however, the pharmaceutical trade prefers, 
and the pharmacopoeia prescribes, a “ non- 
freezing ” oil, which does not set at low tempera- 
tures ; this is prepared by “ refining ” or chilling 
the crude oil at temperatures between O’C. and 
— lO^C. in order to precipitate the higher-melting 
glycerides (“ stearin ”) which are filtered off at 
about O'C., leaving a yield of about 75-SO^o 
of a clear “ non-freezing ” oil. The separated 
" stearin ” (con.dsfing actually of mixed 
glycerides of saturated and unsaturated acids) 
may be pressed in order to recover any entrained 
liquid oil (which is added to the second grade of 
oil) and is sold as the best quality “ fish stearin ” 
for soap manufacture. 

The steamed liver-pulp remaining in the 
rendering-pan may be boiled up again ■with 
steam before it is finally pressed, yielding in 
both cases oils of good quality which are 
employed as a vitamin-active supplement in the 
feeding of poultry and cattle. The final residue 
of liver-tissue is dried and converted into liver- 
meal for animal feeding. In general commerce, 
the c.xpression “ cod-liver oil ” is restricted to 
the medicinal oils intended for human or animal 
nutrition, whilst the term “ cod-oil ” (“ bro'wn 
cod-oil,” *’ brown oil ”) is used for the technical 
oUs which are obtained by steam-rendering (or, 
more rarely, by the rotting process) from livers 
which, on the score of condition or freshness, are 
unfit for the production of medicinal oil ; where 
other fish besides cod arc included in the catch, 
the oil is known commercially as “ coast cod 
oil.” The cod-oils, in general, have a high 
acid value and rank odour, and are contaminated 
with impurities derived from the decayed fiver- 
cells ; the use of such offs for the feeding 
of animals is to be deprecated, especially as 
there is some evidence that oils from putrid 
livers may be definitely toxic. The crude 
“ unracked ” cod-oils contain considerable 
quantities of stearin which are removed by 
chilling and filtering or settling, and used in 
soap-making or as “ fish-tallow ” in leather 
currying. Cod-oils find extensive use in the 
leather industries, where the raw oil is emploved 
in the chamoising process and in the currying 
(stuffing) and oiling of heavy leathers ; fnrthe^ 
considerable quantities of sulphonated (sul- 
phated) cod-oil, e.g. TurJxy-red oils, which is 
prepared by treating the oil ■with concentrated 
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sulphuric acid are employed for the oUing*off 
of heavy leathers and for the fat*hquoring of 
light leathers and chrome-tanned leathers. 
Technical cod oils are also employed in the 
manufacture of lubricating greases and low- 
grade soaps. The dried, pressed Lver meal 
recovered os a by-product of cod oil manuiae- 
ture is utilised as “ fish manure.” 

Pure medicinal cod-Iiver oils of pharmacopoeia 
quality are pale in colour and have only a slightly 
fishy odour and taste; in consequence, probably, 
of the difi'erent feeding conations, the oils from 
Newfoundland and Iceland possess a distmctly 


deeper yellow colour than the Norwegian oils. 
(N.B. This inherent colour is quite distinct 
from the discoloration of oils which have 
been prepared from stale livers or by bad 
method.) 

The analytical characters of medicinal cod. 
liver oils are illustrated in Table I, except where 
otherwise stated, the figures refer to oils pro- 
dnced on the large scale from batches of mired 
hvera from fish of both seres, difi'erent size, 
etc. Natumlly, oils extracted m the laboratory 
from individual Lvers of fish of difi'erent size, 
etc., show uider extremes of variation. 


Table I, 


CBABACTERISTtCS OP CoS UVES OlLS. 



Medicinal oils 
(mostly non 
eongcaUngl.i 

Pbannacopoelal 
requltcmeett (aen 
congeaUng oils).* 

Crude whole 
(>e. congeal- 
leg) medi- 
cinal oils * 

Pure cod 
liver oils ‘ 

Japanese cod- 
liver (Rvadata) 
oils ‘ 

Sp gr. . . . 

0 920-0 0288/ 
25*C. 

0 022-0 929/ 

15 6'C. (B.P.) 
0 910-0 927/ 
25*C. (UJS P.) 

— 

0 924-0 029/ 
16 ST. 

0 0243-0 9397/ 

is-c. 

(0 924-0 0298) 

Ref. index . . 

1-474-1-4798/ 

20*C. 

1-4705-1-4745/ 
40^3. (B.P.) 

— 

1 4705- 
1 4728/40T. 

1 4742-1 4803/ 
20*C 

(1 4765-1 4868) 






value . 

175-107 (usually 
180-190) 

180-190 (B.P.) 
180.192{U.8.P.) 

175-188(0) 
181-189(5, e) 
172-198 5(d) 

181-180 

174 6-190 7 
(183-189) 

Iodine value . 

147-183 (usaallv 

155-173 (B.P.) 

153-162(0) 


143-205 

Acid value . 

160-170) 

05-36 

145-180 

(U.S.r.)« 

>1-2 (B.P.) 

>2 8 (U.S.P.) 

142-185(5) 

160-174(0 

U0-I85((i)* 

0 6-2 4 

154-172 

(163-182) 

04-50 
(0 5-12} 

UnsaponiSable 




OB-4'6% 

(0 0-1-0) 

matter . . 

0 0-1-7% 

1-5% (B-P.) 
1-3%(UB.P.) 


0 06-l-62% 


* C} LewLowItsch, " Oils, Fsti, tnd Waxes.” vet. II ; A. D Ilclmcs, lad Tag Chem 1021, 18, 1181 j 
nqlmesiDdClou^, OIUcdFat lad 1027,4.403; Coder and Jrnnstad, I'liarm ZcotroUi 1030,71,103 

* Urlt. Phsrm , 1830 Addendum to SF. 1032; Uolted States Fham XI. 1036, la pliarmacy, cod llier oil 
ll knovai as Olrum Hcrrliva* or “ Oleiim JetOriM atrUi." 

* Xlmiaroond *nd CllJJtrtv Empire Ataiketlos Hoard S5 /1030), vp. 43-48; oils from (n) Norway, 
(t) Scotland, (r) NewfoandlaDci and Iceland : (d) oils from east coast of N. America, llolmcs aod FlgolC, liid 
Eng Chem. 1028, 18, 168 ; Oil and Boap, }«3e, 13. 226. 

*N E>ers and Smith, Quart. J. riiann 1032,6,337. 

* K Ka»al,J.rbann.Soc. Japan, 1033. 83. No 10.183; th« egurei shown are rings values for a numher of 
oils prepared from selected trroups of Osh : the Sgures lo brackets show the ranges for specimens of oil produced 
commercially. C/ lllrosc, J. Boc. Ctiem Ind Japan, loao, 33. 17211 The oil content of Individual livers of 

** madara ” ranged from 10^5%. Buketo-dara** liver oil shows a slightly lower sp gt. (0 02I(H1 0281) and 
lower Iodine valus (130-181) than •• madara " UverolIfKawal.l e ) 

* I or Oleum llorrhwit tim-d/iUarinalum (» «. the entire oU), the United Btates Pharmacopeia,’ aI allows 
the Iodine value to he hetweeu 126 and 180. 


The non-freezing oils have, as would be 
expected, somewhat higher iodine values and 
refractive indices than the crude oils from 
which they have been denved (r/. Holmes and 
Pigott, fc. ! Kawai, U. 1933), but the differ- 
encca he within the range of variation shown by 
the crude oils. There la no aigmfieant difference 
In vitamin contents between correspond- 
ing specimens of crude and non-congeahiig 

Tbo acid value of the best oils is frequently less ' 
than 0 5; the second quahty of oil for animal 


consumption is only slightly inferior to the 
pharmacopceial oils, but usually possesses a 
stronger fishy taste and slightly darker colour, 
tbe acid value may bo as much as 2 {ef. proposed 
specification for veterinary cod liver oil, 
Drummond and Hilditcb, I e. : for review of the 
literature on tbe use of cod-Iiver oil in animal 
feeding, tee J. It. Hanning, U.S. Bur. Fishenes, 
Doc. No. 1065, 1929, p. 333). The technical 
cod oils have lower iodine values, depending upon 
the amount of oxidation the oil has suffered, 
and high free acidities. The fallowing figures 
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(due to Holmes, Clough and Owen, Oil and Fat 
Ind. 1929, 6, (No. 10), 16) for twenty oils of 
various grades, including sun-rotted oils, are 
illustrative : sp.gr. 0-9193-0‘9266 at 25°, 
1'480-1’483, saponification value 184-194'5, 
iodine value 146-3-168-6, unsaponifiable matter 
l-2-2'8%, free fatty acids 7-20'2%. Somewhat 
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higher percentages of unsaponifiable matter 
may bo found in coast cod oils. 

The approximate quantitative composition 
of the fatty acids of cod-liver oil is indicated in 
Table II, in which the corresponding figures for 
some allied and closely similar»fish-liver oils are 
included for comparison : 


Table II. 


Pebcentage Composition op Fatty Acids op Fish Livek Oils 


(Guha, Hilditch and Lovem, Biochem. J. 1930, 24, 266 ; cf. Drummond and Hilditch, l.c.) 


Fatty adds. 



Liver oils. 



No. of carbon atoms per mol. 

Cod. 

Saithe. 

Hake. 

Ling. 

• Saturated Acids. 

(a)i 

% 

(6)2 

% 

% 

% 

% 

C,4 

3-5-6 

2 

6-5 

4-5-7 

5 

Cis 

6-5-10 

14 

12-13 

11-13 

13 

^18 

0-0-5 

1 

0-0-5 

0-5 

1 

Unsalurated Acids. 






Ci4(— 2H) 

0-0-5 

2 

trace 

trace 

trace 

Cie(— 2H) 

16-20 

10 

9-5-14-5 

8-17 

13 

Cje(-3H) 

25^31 

26 

29-5-31 

18-34 

32-5 

^20 ( 

26-31-5 

25 

24-5-26-5 

25-31 

24 

(1=5-6) 

(1=5-6) 

(x=5) 

{x^4r-5) 

(x=6) 



10-14 

20 

10-16-5 

14-16 

11-5 

(x=7) 

II 

(x=7) 

(®=6) 

(a:=7) 

C24(-»H) 

? 

<1 

? 

? 

? 


(®=?) 





Figures in brackets denote average unsaturation of each fraction, e.g. ( — 2H) denotes one double bond ; 
( — 3H), a mixture of perhaps mono- and dl-ethenoid acids, averaging one and a half double bonds. 

J Bange of analyses of Scotch, Norwegian, and Newfoundland cod-Ilver oils. 

2 North Sea cod-liver oU: average unsaturation ofthe C,. unsaturated aclds = — 3-3 H. Harperand Hilditch. 
J.S.C.1. 1937, 56, 322T. 


The saturated fatty acids (10-15% of the total | 
acids) consist chiefly of myristic and palmitic 
acids, with traces of stearic acid (Guha, Hilditch 
and Lovem, l.c.; Toyama, J. Soc. Chem. Ind. 
Japan, 1926, 29, 172B), The unsaturated acids 
include a large proportion of the mono- 
ethylenic zoomaric (2l9:i<’Ci5H3(,02), oleic 
(dsaoCj^HjjOj), gadoleic (A^ I'X^'CsoH^sOj), and 
cetoleic (2l'*-i^C22H4202) acids (H. Bull, Ber. 
1906, 39, 3570 ; Toyama, J. Soc. Chem. Ind. 
Japan, 1926, 29, 624 ; 1927,30, 154B, 155B ; 1934, 
37, 14B) ; myristoleic (C14H25O2), and selacho- 
leio (zli® i®C24H4g02) acids are present in minor 
amount (Toyama and Tsuchiya, ibid. 1935, 38, 
684B). More highly unsaturated acids of the 
C20 and C22 series, including docosahexaenoio 
acid (C22H3202) (cf. Farmer and Van den 
Heuvel, J.C.S. 1938, 427), are also important 
constituents ; stearidonic acid (C18H2SO2) 
and arachidomc acid (C20H32O2) have been 
identified by Suzuki (Proc. Imp. Acad. Tokyo, 
1929, 5, 165) and nisinic acid (C24H33O2) 
by Toyama and Tsuchiya (J. Soc. Chem. Ind. 
Japan, 1934, 37, 531B). The “jecoleic acid" 
and “ therapic acid ” of the early investigators 
{cf. Heyerdahl, in F. P. Holler’s “ Cod Liver Oil 
and Chemistr3%” 1895) were probably more or 
less impme preparations of gadoleic and steari- 
donic acids respectively. 

The older reports concerning the occurrence of 


lower saturated (volatile) fatty acids, such as 
acetic, butyric, and capric acids, as well as of 
organic bases in cod-liver oil were caused by the 
presence of decomposition products of the oil 
and liver tissue in the old “ rotted ” oils. 

The unsaponifiable matter of cod-liver and 
cod-oUs amounts normally to 0-7-2-8%,t 
although a much larger proportion has been 
reported in individual cases of the oils from 
single lean livers of old, large fish {cf. K. Kawai, 
J. Pharm. Soc. Japan, 1933, 53, No. 10, 183) ; 
as a rule, about half the unsaponifiable matter ; 
consists of cholesterol, the remainder com- 
prising the fat-soluble vitamins {see below), 
colouring matters, and other non-sterol con- 
stituents including squalene and batyl alcohol 
(Drummond, Channon, and Coward, Biochem. 
J. 1925, 19, 1047), one or two other unsaturated 
hydrocarhons, and, perhaps, other mono- and 
di-hydric (aliphatic) alcohols (Wiedemann, 
ibid. 1932, 26, 264 ; Kawakami, Bull. Inst. 
Phys.-Chem. Res. Tokyo, 1933, 12, 825, 834, 
845 (Abstr. 7, 8, 9, publ. with Sci. Papers 
1. P.-C. R. Tokyo, 1933, 22, No. 457-467). 

Cod-liver oil, even of unexceptionable quality, 
contains a small amount of iodine, of the order 

^ It is possible that some of the extreme differences 
reported in the literature may be attributable to the 
different methods employed to extract and determine 
the unsaponifiable matter (cf. S.P.A. Sub. Comm 
Kept., Analyst, 1933, 68, 203). 
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of 2-15 pts /million (r/. Ilopfer de rOme, 
Hufeland’a J. 1836 (April), p. 115; HrycrdaU, 
I c.i Holmes and Remington, Amer. J. Dis. 
Children, 1035, 49, 94). The presence of traces 
of arsenic (from 1-4 to 5 1 pta./milLon) in un- 
refined cod li\er oil from fresh Leers has been 
reported by Holmes and Remmgton (Ind. Eng. 
Chem. 1034, 26, 573) and Luzanshi (Tids 
Kjemi, 193C, 16, 56). 

In common with other fish-Lver oils, cod Lscr 
oil pves a red violet coloration when con- 
centrated sulphuric acid la added to a solution 
of the oil m chloroform or carbon disulphide, 
the depth of the colour vanes with different 
oils, and appears to bo due to a condensation 
reaction of some minor constituent of the od 
(Lpoebrome *) associated with vitamia-A and 
analogous to the antimony tnchlonde colour 
reaction of the latter (c. is/ra) (tf. Drnmmond 
and Watson, Anal^’st, 1922, 47, 341). With 
Japanese acid clay, a blue green coloration is 
developed (ef. Kobayashi, 3Icm. Fac Scu Eng. 
Tolyo, 1927, 4, 23). These colour reactions 
may fail, however, with hydrogenated (hardened) 
Lver oils. 

A green colour reaction is observed when a 
solution of cod Lver (or other fish Lver) oil in 
glacial acetic acid is treated with a muture of 
bromine and chloroform and lodme bromide 
(Hanus iodine solution) (TortelL-Jaffe reaction. 
TortelL and Jaffe, Chem -Ztg 1915, 39, 14. 
tf. Better and Szimkin, Fettchem. L'mschau, 
1934, 41. 225). 

Although cod Lver oil seems to have been 
held in esteem as a domestic remedy for many 
centuncs among the inhabitants of the northern 
coasts, ita systematic use m the treatment of 
bone disorder], tuberculosa, and conditions of 
malnutrition appears to date from the successful 
cliniesl trials made at Manchester in the second 
half of the eighteenth century by I>r. Kay and 
his colleagues (r/. T. Fercivi, 31rdjcal £^ys. 
1789, 11, 354), and despite the nauseous 
character of the oils aiailable at that time, tbe 
populanty of cod Lver oil as a remedy steadily 
increased through the nineteenth century. 
The extensive m^ern use of cod Lver oil m the 
prophylaxis and cure of rickets and other 
conditions associated with dcfectne calcium 
metabolism is now so well knoam as to be a 
commonplace. The remarkable therapeutic 
properties of tbe oil, which have been vanously 
asenbed to the presence of organic bases, to 
the presence of traces of iodine, snd to tbe 
speciiic nature of the highly vnaaturated acids 
which compose the bulk of the glycendcs of the 
oil, are now attnbuted primarily to the presence, 
in comparatively high concentration, of the fat- 
soluble Titamms-^ and -B (c/. Osborne and 
MendeL J. Biol. Cbcm. 1914, 17, 401 ; Drum- 
znond. Biocbcm. J. 1919, 13, 81). (It msy be 
noted, however, that cod Lver oil has recently 
attracted renewed attention as a source of 
combined iodine m tbe treatment of certain 
deficiency condition®, </. ChiJestec and olhets. 
Nature, 1932. 130, 544; Science, 1932, 76. 
436 ) 

The Tilamm-^ activity of cod Lver ell results 
from the occurrence in the oil of the aetnal 
TitamiB-.<4 Itself (as distinct from a precursor 


thereof, such as carotene), which is present to the 
extent of some 100-500 pts /milLon, chiefly in 
esterified form (Bacharach and Smith, Quart. J, 
Pharm. 1928, 1, 539; Reti, Compt. rend. Soc. 
biol. 1935, 120, 677 ; Hickman, Nature, 1936, 
133, 881; Ind. Eng Chem. 1937, 29, 1107; 
Hamano, Sci. Papers Inst. Phys.-Chem. Res. 
Tokyo, 1937, 32, 44). Its presence is indicated 
by a maximum at A=328 m/i in the absorption 
spectrum of the oil or of the unsapomfaable 
fraction therefrom (K. Takahashi, tt at. J. Chem. 
Soc. Japan. 1922, 43, 826; 1923. 44. 500; 
Sci. Papers Inst. Phys .Chem Res. Tokyo, 
1925, 3. 81, Heilbron et al Biochem. J. 1928, 
22. 987 ; 1931, 25. 20 ; J.S.C I. 1031. 60, 183T). 
the intensity of which affords an approximately 
quantitative measure of the vitamin-contcnt 
of the oil (ef. Coward, Dyer and Slorton, Bio- 
chem. J. 1932. 26, 1593; Carr and Jewell, 
Nature. 1933, 132. 92 ; Gillam, Heilbron, 
Morton, Bishop and Drummond, Biochem J. 
1933, 27. 878, Booth, Kon, Dann and Moore, 
tbui. 1189; Baumann and Stcenbock. J. Biol 
Chem. 1933, 101, 647; ChevalLcr and Chabre, 
Biochem J 1933,27,208, Jonea and Christian. 
aen, J. Amer Pharm. Assoc 1035, 24. 1072). 
This test (the examination being conducted 
on a solution of tbe unaaponiflable matter) 
was recommended as a method of vitamin A 
aassy by tbe Second International Conference 
on Vitamin Standardisation (1934), and has 
been admitted as a subsidiary test in tbe 
1936 Addendum (Appendix H’) to the “ Bntish 
. Pharmacopaia ” of 1032, where it is regarded 
as giving a trustworthy indication of the 
vitanun-Jl content of cod liver oiU which con- 
form in all other respects to the requirements 
of (be ••British Pharmaeopmia ” (As there may 
be other substance*, however, which show a 
similar absorption in ths region of A<*328mp, 
the test may be inapplicable to certain vitamin 
preparations, etc, and the “Bntisb Pharma- 
vopccia” Addendum preamV** that, in the event 
of any discrepancy lietween the results of the 
vitamin-^ assay by the spectrophotometnc 
method sad by the biological method, tbe value 
as determined by the latter method should be 
accepted ) 

The presence of vitamin-i4 is also revealed 
by the blue colour (abaorption maxima at A-> 
572-584 and 617 zup). which is obtained on 
treating a solution of the oil in chloroform 
with antimony tnchlonde (Carr-Pnee reagent, 
Biochem J. 1926, 20, 497; tf Analyst, 1931.56. 
457; 1932,57,302; "Brlish Pbarinacopccia,” 
1932). The intensity of tbe coloration (which may 
be measured ipectrophotometrically, or by means 
of a rolonaictcr under itandanl conditions) 
runs roughly parallel to the vitamm activity of 
the od as measured by biological methods, 
but several instance* of discrepancy have been 
noted, which rosy be due to the presence of 
inhibitors in the oil, or perhaps to tte presence 
ofsnalJied but biologically inactive chromogen 
(c/. O. Rvph, BnlL Soc. ChitD. biol. 1934, 16, 
«0; EneJer, Biochem. J. 1932, 26. 1118; 
Lovem and others, ibtd, 1031, 25, 1341). 
Better correlation is obtained if the colour 
tc«t i* performed on a aolution of the nnsaponi- 
Cable fraction from the oil (c/. Bmitb and 
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Hazley, Biochem. J. 1930, 24, 1942 ; Church 
and Norris, J. Biol. Chem. 1930, 87, 139; 
Coward and others, Biochem. J. 1931, 25, 1102; 
Analyst, 1932, 57, 368 ; Emracrie, Nature, 
1933,131,364; 1935,136,183). (Itmaybenoted, 
however, that this colour test, which figured in 
the 1932 edition of the “British Pharma- 
copoeia ” has been discarded in the 1936 Adden- 
dum in favour of the spectrophotomctric test.) 
For further details concerning these tests, and of 
the biological assay of vitamin-A, see “British 
Pharmacopoeia ” Addendum, 1936. An interest- 
ing modification of the Carr-Pricc test, in which 
a less fugitive violet colour (An,ai.=545 and 
476 mp) is obtained by the use of guaiacol as 
reagent, is described by E. Rosenthal and Erdelyi 
(Biochem. Z. 1933, 267, 119 ; 1934, 271, 414; 
Biochem. J. 1935, 29, 2112; Rosenthal and 
Weltncr, ibid. 1935, 29, 1036). 

The vitamin-A activity of cod-liver oil varies 
within wdde h'mits according to the age and 
sexual condition of the fish, its place of origin, 
and its food; cases of oils containing from 210 
to 3,400 International Units (I.U.) per gram 
are reported by Chevallier (Ann. Chim. Analyt. 
1936, (iii), 18, 93 ; cf. Chahre, Thesis, Paris, 
1936 ; cf. K. Knwai, J. Pharm. Soc. Japan, 1932, 
52, No. 10, 95 ; No. 12, 169) ; tho“ British Phar- 
macopaiia ” Addendum (1936) and the “United 
States Pharmacopceia,” XI (1936), impose a 
minimalrcquircmentof 600 I.U, per g.ofoil. The 
figures of Chevalh'er and Chahre, like those of 
Drummond and Hilditch (E.M.B., No. 35, l.c.) 
support the view that, on the whole, the oils 
from Newfoundland and Iceland are richer in 
vitamin-A than the Norwegian oils. On the 
other hand, the Norwegian (Lofoten) oils appear 
to be richer in vitamin-Z) (cf. Poulsson, Nord. 
Med. Tidsk. 1933, 6, 886; Amer. J. Pharm. 
1934, 108, 102). The vitamin-D content of cod- 
liver oil also varies considerably, and is quite 
independent of the amount of vitamin-A present 
(cf. Coward, Dyer and Morgan, Analyst, 1932, 
57, 368; van Esvcld, Nederl. Tijds. Gencesk. 
1935, 79, 2924; Kawai, J, Pharm, Soc. Japan, 
1934, 54, No. 5, 87). On the whole, the less 
the oil content of the cod h'ver; the greater 
is the concentration of vitamin-D in other 
words, the depletion of the fat reserves in the 
liver during spa-wning, fasting, or ageing of the 
cod-fish is not accompanied by a corresponding 
drain on the store of vitamin-D (cf. Poulsson, 
l.c. ; Kawai, l.c., 1934). 

According to K. Kawai (l.c.) the same tendency 
is observable in the case of vitamin-A and the 
blue (Carr-Price) chromogen, very high potencies, 
and especially high blue-values, being observed 
in the case of oils from livers which, owing to 
the age or condition of the cod, were very poor in 
oil. 

Before the anti-rachitic principle (vitamin-D) 
of cod-liver oil had been isolated it became 
clear from biological comparison of the relative 
therapeutic efficiencies in tests with diflferent 
animals (rats and chicks) that the active agent in 
cod-liver oil was not identical with calciferol 
(vitamin-Dj), obtained by the irradiation of 
crgosterol (cf. Massengale and Nussmeier, 
J. Biol. Chem. 1930, 87, 415, 423; Stcenbock 
and others, ibid. 1932, 97, 249 ; Russell, Taylor, 


and Wilcox, ibid. 1934, 107, 735; J. Nutrition, 
1935, 9, 569; Bills, J. Biol. Chem. 1935, 108, 
323) ; and it has recently been shown by 
Zucker, Simons, Colman and Demarest (Natur- 
wiss. 1938, 26, 11) that the vitamin-D of 
cod-liver oil, like the vitamin-D which has been 
isolated (via the dinitrohenzoate) from tunny- 
liver and halibut-liver oils (Brockmann, Z. 
physiol. Chem. 1936, 241, 104; 1937, 245, 96; 
cf. Simons and Zucker, J. Amer. Chem. Soc. 
1936, 58, 2655), is in all probability identical with 
“ vilamin-Dj ” prepared artificially by the 
irradiation of 7-dehydro cholesterol (Windaus, 
Schenk, and Werder, Z. physiol. Chem. 1936, 
241,100; Grab., tm 1936, 243, 63 ; Folberth, 
Z. linderheilk. 1937, 59, 329). Vitamin- 
D3 has been obtained in the crystalline state 
(Schenck, Naturwiss. 1937, 25, 159) and it has 
been shown that, despite the difference in the 
chemical constitution (the side-chain of the 
molecule), vitamin-Dj has the same antirachitic 
potency (40 million I.U. per g.) as calciferol 
when tested on rats (International method). 
Like the rat, the human subject appears to be 
equally sensitive to both forms of vitamin-D, 
that is to say, the administration of an equal 
number of units (as measured by the usual 
tests with rata) of calciferol, vitamin- Dj, or cod- 
liver (or other active fish-liver) oil produces 
quantitatively the same therapeutic effect (cf 
Eliot, Nelson, Barnes, Browne and Jenss, 
J. Pediatrics, 1936, 9, 355, 761). The chick, on 
the other hand, discriminates between the 
different vitamins, for, whilst it readily utilizes 
vitamin-Dj or the cod-liver oil vitamin, it is 
most inefficient in its use of calciferol, so that 
some fifty times as many {rat-)units (I.U.) of 
calciferol are needed to evoke the same response 
as any given number of units of cod-liver oil or 
vitamin-Dj. The possibility that more than 
one form of vitamin-D may occur in fish- 
liver oils is mooted by Bills, el al. J. Amer. Med. 
Assoc. 1937, 108, 13; J. Nutrition, 1937, 13, 
435). 

The vitamin-D of cod -liver oil appears to be 
present partly in the free state and partly as 
esters (Hickman, Nature, 1936, 138, 881 ; Ind. 
Eng. Chem. 1937, 29, 1107). dfiie amount in the 
oil is probably of the order of 2-8 parts per 
million, but up to the present only biological 
methods of comparing the potencies of different 
oils have been adopted (cf. suggested method in 
“British Pharmacopceia” Addendum, 1936, 
Appendix XV, also article Vitamin-D) ; both the 
“British Pharmacopoeia” Addendum and the 
“United States Pharmacopoeia ” (1936) require 
a minimum potency of 85 I.U, per g. of oil. A 
photometric method for the assay of vitamin-D, 
which has been proposed by L. Fuchs and Beck 
(Pharm. Presse, Wiss.-Prakt. Heft, 1933, 38, 81, 
93) requires further investigation. 

The origin of the vitamins in cod-liver oil — 
whether they are merely ingested as such with 
the food of the fish and stored in the liver, or 
what part, if any, is played by the fish in the 
83cnthcsia of either vitamin — ^is still obscure, and 
reference may be made to the following memoirs 
for further discussion of this issue ; Drummond, 
Biochem. J. 1922, 16, 618 ; Bills, J. Biol. Chem. 
1927, 72, 751 ; WimiMjnny, Sci. Rep. Fisheries 
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COD-LIVER OIL. 


Invest. Ser. 2, vol. II, No. 6, 1929, London; 
Dnunmond, Nature, 1030, 126, 39S; Gontber, 
Collin, X>nimmond and Hilditch J. Espt. BioL 

1034, 11, No. 2, 173; Copping, Biochem. J. , 
1934, 28, 1516. 

The statements of Taylor and Nelson (Taylor, 
Iowa State Coll. J. Sci. 1931, 5, No. 4, 355;| 
Nelson, Ind. Eng. Chem. 1027, 19, 840) that cod- 
Lver oil also displays vitsmin-E activity u 
contrary to the observations of Sure (J. BioL | 
Chcm. 1927, 74, 37, etc.) and require eonSrma. 
tion, especially since cod.liver oil figures as a 
regular constituent of eatiafactoiy v>tamm-£-| 
free diets for ezpenmental work (Baeharadi, ' 
private comm ). . 

According to Waterman and van Dijk (Proc. I 
K. Akad. Wetensch. Amsterdam, 1931, 34, 
1206), cod-liver oil may bo hydrogenat^ at 
low temperatures under controlled conditions i 
Without impairing the vitamin activity. 

Whilst cod-Lver oil itself is still largely used 
in medieme, its place haa to some extent 
been taken by otoer fish-bver oils,^ such aa 
Lalibut.liver oils which have a much greater 
vitamin content and require a correspiondmgty 
smaller dosage, or by more palatable con- 
centrates of the Vitamins extracted from the 
□il. V'arious processes for the extraction 
of the unsaponifiable matter from cod-hver oil 
for this purpose have been patented; further, 
high-vacuum short path distillation (“ molecular 
dixtiUation ”) of the oil haa been proposed for 
the Bcparation of the active pnociplea (ef. 
Waterman, van Dijk, and Imperial Chemical 
Industries, B B. 452442 ; nickmao and East- 
man Ko^k Co , U.S P. 1925559). 

Concerning the alleged toxic eCTecta of the 
administration of coduver oil. tf. Agduhi, Z.' 
Vitaminforscb 1934, 3, 09 ; Upsala Lftbate- 
foren Forh. 1933-4, 39. 307. 1934-S. 40, 183; 
Noma and Church, J. Biol. Chem. 1930, 89, 437 ; 
W. 31. Cox, Jr , and Roos. Bull. Johns Hopkins 
Hosp. 1934, 44, No 6, 430; Cell, Gregory and 
Drummond. Z Vitaminloraeh 1933, 2. 16t; 
Thatcher, Lancet, 1030. 230, 20 , L. L. Sladsen, 
ei uL Cornell Univ. Agnc. Exp. Stat. Mem. 

1035, No. 178 ; Burack and Zimmerman, 
J. Nutrition, 1937, 14, 535. 

Concerning the use of cod liver oil as a hcahng 
dressing for bums and other wounds, see W. 
Lshr, Zentr. Chirurgic, 1934, 61. 1680; rf. 
Lancet. 1934. 227. 367, Steel, liid. 1935, 229. 
200; Stevenson, t6id. 1376. 

Slodcrn metbcids in tbe preparation of cod- 
Lver oil emulsions are described by Rotben- 
kirchen (Pharm.-Ztg. 1934, 79, 804). (Coneem 
Jng the stability of vitamin-A m cod hver oil 
emulsions, tee Gnifitbs, Hilditch and Rae. 
Analyst, 1933, 58. 65). 

Preparatiomi of the soaps of the fatty acids 
{■* Bntish Pharmaceutics! Codex ”), or of the 
unsaturated acids only, of cod livcc oil are i 

t titamln actli-e Ihrr oil* are al*o obtained from 
the burbot (Loti <? ). a fresh-watrr fish sUlnl to the 
cod(e/.hfI*on,ToUiJ andJimlcson. ILS Ilur Itslwrirs, 
lnie«tlgatlonalKrpl..So ti, 1032 ; rout*»on, >orsk 
MtK Lseieildriukap. 1031, 02, 1»), tml the tiusny, 
<rAunnu« tAvnnus L.), the latter oil belcg e*|>rcUllr| 
rich In vitamin/) «■/ llforkmaftn, te : Schoddt- 
Melsen, Kgl. honite Mdemkab. Selsk Korh. 1030,3, 
407). 


in medicine (aa a scleroaing agent in, for example, 
the treatment of varicose veins) under the name 
of aodium morrhuate ((/. Haines, Lancets 1933, 


(The authorismdebted to 3Ir. A. L.Bacharach, 
ALA., F.I.C., of the Glaxo La^ratorieg, Ltd., 
for helpful criticism and euggeationa in con- 
nection with this article.) 

EL. 

CSLESTINE. Amineral.SrSO^.asonrce 
of strontium, 

CCELINBLAU, CCERULEUM v. Burs. 
CsR0i.KaK: r. Cobalt. 

CSRULEIN, Anthracene green (e. Au- 
URIM AND ALUED DtXSTtJTTS. 

CO- E N2YM ES , CO-ZYM AS E, Following 
Buchner's famous discovery of an agent in the 
filtered Lquid contents of yeast cells, capable of 
fermenting sugar solutions in the absence of 
hving cells. Harden and Young (Proc. Chem. 
Soc. 1905, 21. 189) discovered that thia agent 
could be separated by ultra filtration into a ther- 
mostable dialysable part — the co xymase — and 
a thensolabilo non-dialysable part — now called 
apozymase. The addition of the boiled dialysate 
to tbe inactive apozymaso restored its activity. 
This was m part due to tbe presence of inorganie 
phosphates and in part to an organic substance. 
In fact, Buchner’s zymsse is a mixture of many 
enzymes and the process of alcohoLo fermenta- 
tion is a complicated acrica of reactions which 
have only recently been elucidated by Embden 
and by Meyerhof. 

In brief, the sugar is pbosphoiylated before 
being decomposed, the pnmary product of 
decomposition being the pbosphonc ester of a 
tnose, probably glyccraldebycie, which by dis- 
mutation gives rise to a mixture of phospho- 
glycenc acid and phosphoglycenne. 

In the next stage the glyceric acid passes by 
lose of water under the influence of an enzyme 
into pbosphopyruvic acid At this stage the 
CO enzyme comes into action combining with tbe 
pbosphonc acid group and forming free pyruvic 
acid The labile co-enryme-phosphate then 
reacts with glucose to form nexosephosphate 
and regenerated co enzyme. The pyruvic acid 
IS decomposed by carboxylase to acetaldehyde 
and carbon dioxide, the former being subso- 
quenliy reduced to ethyl alcohol. The co- 
zymase has been identified as a complex diphos- 
phoduiucleotide containing nicotinic acid Ipyn- 
dinccarboxyamide) and adenine. 

In the voluntary and heart muscles, a some- 
what similar scries of changes takes place, the 
essential difference being that the pyruvieacid 
ta reduced to lactic acid. The co-enzyme is 
adenybe acid, the system being 

adenyl pyrophosphate 

4— e adenosine diphosphate 

» sdenosinc-S phosphate 

(Sfeyerhof and Kiessling, Biochcm Z. 1035, 283, 
63 : Lohmann and Schuster, i6id. 1035, 282, 
KM). 

Adenylic acid waa found to be a nboside-5- 
pbosphonc acid of adenine by Embden and 



COFFEE. 251 


Schmidt (Z. physiol. Chem. 1929, 181, 130) ; 
Levene and Jacobs (Ber. 1911, 44, 740); and 
Levene and Stiller (J. Biol. Chem. 1934, 104, 
299). GuUand and Holiday (J.C.S. 1936, 765) 
established its formula as adenine-9-riboside-6- 
phosphorio acid, 

N=C*NH2 
CH C-N5. 

II II >CH 

N—C-N-^CHECHOHVCHCHa-POaHj 

I o 1 

Thus the co-enz 3 rmes of alcoholic fermentation, 
of lactic acid dehydrogenase, of muscle and of 
Warble’s (Biochem. Z. 1935, 282, 1, 157) 
oxidation system are all closely related or 
identical (Adler, Euler, and Hellstrom, Nature, 
Deo. 6th, 1936, p. 968). 

Co-zymase is widely present in yeasts, in 
muscle, in various animal organa and tissues, 
particularly the liver, and in certain bacteria. 
It is rare in the higher plants and absent from 
certain races of bacteria, in which another 
form of sugar degradation must take place 
(Myrback and Euler, Ber. 1925, 57, 1073 ; 
Virtanen and Simola, Z. physiol. Chem. 1927, 
163, 284). 

It is obtained as a colourless, easily soluble 
powder (a recent summary relating to co-zymase 
is given by Myrbkck, Ergebnisse der Enzym- 
forschung, 1933, 2, 139-168). 

There is evidence afforded by purification by 
means of copper (Euler, Albers and Schlenk, 
Z. physiol. Chem. 1935, 234, 1) or by heating 
(Euler and Vestin, Z. physiol. Chem. 1935, 237, 
1) that co-zymase is a molecule possessing groups 
whose powers of activating enzymic reactions 
are independent of each other. Andersson (Z. 
physiol. Chem. 1935, 235, 217) concludes that the 
substance has two independent reaction centres, 
one in an adenylic acid grouping concerned with 
phosphorylation and the other with oxidation^ 
reduction. 

E. F. A. 

COFFEE. The beverage known as “ coffee ” 
is prepared by infusion of the beans or seeds of 
Coffea arabica, an evergreen shrub indigenous 
to North East Africa and Arabia. The use of 
coffee orginated in Abyssinia, whence it was 
introduced into the neighbouring Mohammedan 
countries, its physiological action in promoting 
sleeplessness being regarded as of advantage to 
those attending the prolonged religious cere- 
monies. In spite of objections by the priests 
on the ground that it was an intoxicating 
beverage, its popularity became firmly estab- 
lished there and has continued. The use of 
coffee was extended through Europe during the 
first half of the seventeenth century and in 
1652 it was introduced into England. Here it 
rapidly attained popular favour and during the 
following two centuries “ coffee houses ” played 
an important part in the social life of English 
cities. In 1847 the importation of coffee 
reached a maximum of nearly 17,000 tons, but 
Bmce then it has declined, owing, no doubt, to 
the greatly increased use of tea and also, in 
some measure, to the introduction of coffee sub- 


stitutes. For the past decade the clearances for 
home consumption have been as follows : 


Year 

Clearances, 

(ended 31st March). 

tons. 

1926-1927 . . 

.... 15,981 

1927-1928 . . 

.... 16,897 

1928-1929 . . 

.... 16,463 

1929-1930 . . 

.... 16,306 

1930-1931 . . 

. . . 16,709 

1931-1932 . . 

.... 16,340 

1932-1933 . . 

.... 15,521 

1933-1934 . . 

.... 14,782 

1934-1935 . . 

.... 14,763 

1935-1936 . . 

.... 15,052 


These quantities may be compared with the 
importations into the United States, which are 
over 700,000 tons per annum. 

The importations into the United Kingdom 
are almost equally from Empire and non- 
Empire sources, although since 1933 the balance 
has been slightly in favour of the former, which 
in 1935-1936 reached nearly 53% of the 
total. This trend in favour of the Empire 
products (which are chiefly from British East 
Africa and India) is probably due to in- 
creased imperial preference under the Ottawa 
agreement. 

The coffee tree belongs to the natural order 
Cinchonaee® which embraces, according to 
Lindley and Paxton, two species, C. arabica and 
C. panictiJata, but some botanists distinguish 
many other species. Four commercial types 
distinct from each other are now grown ; 
(1) Arabian orMocha coffee, having short, upright 
branches with a brittle leaf, and seeds usually 
single in the berries. (2) Jamaica coffee, bearing 
longer and more pliable branches, a tougher leaf, 
and seeds almost always double in the berries. 
(3) East India or Bengal coffee, of which the 
leaf is smaller than that of the Jamaica variety 
and the berry very small. (4) Liberian coffee is 
taller and has larger leaves and fruit than the 
other varieties, but, owing to its coarse flavour, 
it was not until recently of much commercial 
use. It has, however, now attained importance, 
on account of its hardy habit and power of 
resistance to disease, and is largely cultivated by 
grafting on to its stem the more delicate and 
highly esteemed Arabian coffee. Trees growing 
wild in the Cingalese jungle attain a height of 
14-18 ft., but, under cultivation and subjection 
to systematic pruning, the plant rarely exceeds 
9 ft. and is usually leas. 

PaoDUCTioN. — Within the tropics the coffee 
tree thrives best at 1,200-3,000 ft. above sea 
level, but grows at a height of 6,000 ft. When 
the mean temperature is about 70° it may grow 
as far north as latitude 36°. It is cultivated in 
the West Indies, Mexico, Central America, 
Brazil and Cayenne ; in Western Africa, Eg 5 q)t, 
Mozambique and Natal ; in Arabia, India, 
Ceylon, Siam, Sumatra, Java, Celebes and other 
parts of the Eastern Archipelago, Fiji and the 
islands of the Pacific. According to data ex- 
tracted from the “ International Year Book of 
Agricultural Statistics ” the total world pro- 
duction of coffee for the years 1930-1935 was as 
follows. 
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Production 
(t houianda of ton*). 
. 2,365 
. 2.035 
. 2.330 
. 2,472 
. 2,078 


Of ibcse totab Brazil produced, on the average 
about 67%. Brazil is also the greatest exporter 
of coffee, a preponderance clearly demonstrated 
by the following data pubbshed by the Braxibao 
Government; 


Exports from Brazil— ^ 

To Europe ... 353 344 368 337 

To United States . 486 400 489 470 , 

To southern porta .68 64 75 80 ' 

Exports from other 

countries— i 

To Europe ... 263 294 271 323 

To United States . 220 205 244 278 

Although the exportation from Brazil has shown 
Lttle vanation, the production is restricted by the 
fact that the trees, after a year of heavy crops, 
require a season to recuperate. For commercial 
reasons much of the coffee produced m Brazil 
has been withheld from the market and to the 
end of 1035 over 2 milbon tons had been 
destroyed. According to data pubbshed by the 
Empire Marketing Board tn 1032 the area under 
cultivation in the British Empire was about 
368,000 acres compared with about 10,000,000 
acres in foreign countries, whilst of the total world 
exportation 3% was from Empire countries. 

CULTIVATION — The method of forming planta* 
tions vanes somewhat m different countries 
The surface sod should be good and tbe subeoil 
not very heavy Probably the best sod »s that 
known in Brazil as “ terra roxa," a top sod of 
red clay 3 or 4 ft, thick with a subsoil of gravel 
Virgin forest land is as a rule found to be very 
suitable. The soil should not be >cry wet and 
steep slopes aro unsuitable owing to ram wash ; 
The loss due to this cause may be repaired by 
good manur^~well rotted dung and ground , 
bones being the best. According to Beckley I 
{Kenja Colony Dept. Agnc. Bull. 1932, 16) 
ground rock phosphate and bone meal form tbe 
most effective fertiliser. Shelter from wind is 
most important. Tbe young plants may be 
reared from seeds In nurseries, whence they 
arc trahsplanted to their permanent position, 
or they may be gathered out of the old planta- 
tions. The age at which this is dono vanes. 
Thus in Brazil transplanting usually takes place 
when the plants arc 2 years old, whilst in the 
West Indies the plants arc about 6 months old. 
Fruit is producctl in the fourth year and con- 
tinues to be gathered for several years. The 
tree blossoms and bears fruit practically all 
tbe year round and tbe fruit takes about four 
months to npen. There is thus in some cases an 
almost perpetual crop, but, as a rule, tberc are 
two principal harvest seasons in tho year, 
and berry fall, caused by disease, has been the 
subject of considerable investigation, par- 
ticularly in Kenya (Dept. Agnc, Bull. 1933, 17, 
20 ; 1934, 3). The conclusions indicate that 


there is no relation between tbe incidence of 
the disease and tbe chemical composition of the 
■oQ. and the addition of hme and fertilisers does 
not protect trees predisposed to attack. Whilst 
it u stated that Bordeaux mixture is not in itself 
a satisfactory remedy, certain modifications of 
the mixtuK are suggested which will prevent 
germination of the fungus spores. According 
to Sladden (Bull. Agric Congo Beige, 1932, 
329) infection of the harvested ^an with 
Stephanderes hampei can be corrected by fumi- 
gation with turpentine, which does not injure 
the germmative power of the beans. Layers of 
lha beans are alternated with layers of cotton 
cloth soaked with 1 ml. of turpentine per 
100 sq cm. and allowed to stand in hermetically 
sealed contamers for 3 days at 26°C. 

“Wie coffee fruit consists of a bilobcd berry 
somew'hat resembling a small elongated cherry, 
by which term it is described commercially. 
As the fmt npens the fleshy pericarp changes 
colour from green through yellow and red to a 
deep enmson When dried, it blackens and 
becomes hard and brittle, resembling a shell or 
husk. Beneath the skin of the pericarp is a 
saccharine and somewhat glutmous pulp con- 
taining the seeds, which are usually double, 
lying face to fare, but sometimes occurring 
eingly Each seed or bean is enclosed in two 
membranous coverings — an outer, 'onsisting 
of tough buff-coloured tusue, tecbmcaJly known 
as *' parchment," which Wcomes loose and 
readily separates on drying ; and an inner film 
of tbin white tissue, closely adherent to the bean, 
and known as the silver skm. 

IlABVEsriKO — The pnncipal methods in 
vogue for gathering and preparing the cofTeo 
bemes for commerce are as follows. In Arabia, 
Egypt, and tbe Antilles the beny is left on tbo 
treo tiU completely dried , when it is easily shaken 
down and the tiry outer envelope and tho 

parchment ” removed by pounding in a 
mortar, beating with a flail, or simply rubbing 
in tbe bands In other countries the berries 
are gathered by hand as soon as npo but not 
dry and are spread out on the ground in layers 
from 4 to 6 in. deep. These aro exposed to the 
oun’a heat for 3 or 4 weeks with frequent 
turnings with a spade, when the bean becomes 
I easily removable from tho fruit by gentle tn- 
I turation. This piocesa, however, sometimes 
I imjiarts to the coffee a (Lsagreeable flavour due 
to putrefactive changes in the pulp, and recourse 
I IS therefore frequently had to artificial heat. 
The most modern method is to "pulp" the 
bemea by crushing between rollers so as not to 
injure the beans, which aro then subjected to a 
fermenting procew in tanks, with or without 
tho addition of water, after which they aro 
separated from the pulp by “ washing ” and 
dned, either by tho sun or by artificial means. 
Coffee beans m tbe form of “ thmy " rarely 
enter into commerce but frequently retain tho 
parchment and inner skin, which, however, are 
removed by rolling and winnowing before the 
beana are roasted. The beans are then graded 
into different sizes by special machinery which 
also separates the round, or “ pea-bemes.” from 
the onlinary flat facc<l beans The following 
. table will indicate the variations in tuo : 
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Fine brown Java 

No. of seeds in 
approx. 50 mi. 
187 

Fine Mysore .... 

198 

Fine Neilgherry . . . 

203 

Costa Rica 

203 

Good ordinary gautemala . 

207 

Good La Guayra 

210 , 

Good average Santos . 

213 

Fine long berry Mocha. 

217 

Good ordinary Java 

223 

Fine Ceylon plantation . 

225 

Good average Rio . 

236 

Medium plantation (Ceylon) 

238 

Manila 

248 

Ordinary Mocha 

270 

West African .... 

313 


Roasting. — ^The object of roasting coffee is 
to develop its aroma and to destroy its toughness 
so that it may easily be reduced to powder. 
The process is conducted in cylinders heated 
by coke fires or gas. The cylinders are usually 
made of strong wire gauze to permit the escape 
of steam and other volatile products im- 
mediately they are formed. Great care is 
necessary to ensure an equable roasting of all 
the beans and to attain the exact point at which 
the process should cease. If, on the one hand, 
the process is not carried far enough, the fiavour 
of the bean is not developed and the coffee is 
hard to grind. On the other hand, overheating 
causes carbonisation and the production of a 
strong empyreumatic flavour, which renders the 
coffee infusion nauseous. The loss in weight is 
from 15 to 18%, of which approximately one halt 
is due to moisture and the rest chiefly to volatile 
products derived from the fat and from the 
sugar during caramelisation. A certain small 
amount of caffeine is also lost. At the same 
time an oily substance caffeol (q.v.) is developed, 
which, although present only in very small 
proportion, imparts to roasted coffee much of its 
characteristic aroma. The most favourable 
temperature for developing the maximum aroma 
during roasting is a little above 200°C. After 
roasting it is most important that the beans 
should be cooled rapidly. This is effected by 
spreading them on a large sieve through the 
meshes of which they cannot pass, but through 
which air is forcibly drawn by means of a power- 
ful exhaust connected with a closed chamber 
immediately below the sieve. 

During the process of roasting various sub- 
stances are driven off. Bemheimer (Wien 
Akad. 1880, 81, (2), 1032) found that, after water 
vapour, there is a sudden evolution of carbon 
dioxide probably due to a process of destructive 
distillation accompanied by dehydration and 


polymerisation. Trigg (B.K.D. Bull. No. 3). 
In the interior of the, bean reducing 
conditions obtain whilst oxidation takes 
place on the exterior. Bfimheimer (Monatsh. 
1880, 1, 466) found that 60 kg. of raw coffee 
beans roasted in a revolving drum yielded 
about 6 litres of liquid distillate with approxi- 
mately 680 g. of solid floating thereon. The 
filtered liquid was yellow in colour and had the 
fragrant odour of coffee. It was found to con- 
tain caffeine, caffeol, acetic acid, quinol, methyl- 
amine, and acetone. The solid portion was 
found to consist chiefly of palmitic acid. In 
contradiction to the above workers Hagen 
(Trop. Agric. 1922, 59, 269), whilst admitting 
that marked changes take place during normal 
roasting, considers that the constituents of the 
bean are not dissipated, there being a trans- 
formation into substances which contribute to 
the aroma of the roasted product. Erdmann 
(Ber. 1902, 35, 1846) attributed the aroma of 
roasted coffee to traces of acetic acid, furfural, 
valeric acid, an unstable nitrogenous compound, 
and a phenolic body resembling creosote, whilst 
.other workers have suggested that the main 
odoriferous principle is some unidentified nitro- 
gen compound. 

Deterioration after Roasting. — Since the 
essential oil rapidly escapes after the bean is 
broken up coffee should not be ground until 
required for infusion. Apart from this physical 
consideration, however, the bean undoubtedly 
gradually undergoes a process of deterioration 
due to chemical changes and known in the trade 
as “ staling.” Trigg (Z.c.) suggests that this is 
due to hydrolysis and oxidation, causing altera- 
tion and volatilisation of the aromatic principles. 
Tunnett and Eddy (Food Ind. 1930,2,401) suggest 
that the taste of stale coffee is probably due to 
the oxidation of the oil. They found that stale- 
ness developed only sbghtly faster in ground 
than in unground coffee. Their work has been 
further developed by Bengis (Food Ind. 1935, 
7, 490), who states that roasted coffee contains 
about 15-16% of oil and fat, much of which is 
unsaturated. The oil extracted from freshly 
roasted coffee carries in it the aroma and flavour 
bearing substances which are easily oxidised. 
On the other hand, the oil extracted from stale 
coffee has a rancid, disagreeable flavour. It 
absorbs much less oxygen which, it is therefore 
suggested, plays an important part in the 
“ staling.” 

Chemicai. Composition. — ^Many investigators 
have published data relative to the chemical com- 
position of coffee. Levasic (Arch. Pharm. 
1876, [iii], 8, 294) found the following percentage 
values : 



Gummy 

matter. 

Caffeine. 

Fat. 

Tannic 

and 

Caffe- 

tannic 

acids. 

Cellu- 

lose. 

Ash. 

Potash. 

Phos- 

phoric 

acid. 

Finest Jamaica plantation 

25-3 

1-43 

14-76 

22-7 

33-8 

3-8 

1-87 

0-33 

Finest green Mocha 

22-6 

0-64 

21-79 

23-1 

29-9 

4-1 

2-13 

0-42 

Ceylon plantation . 

23-8 

1-53 

14-87 

20-9 

36-0 

.4-0 



0-27 

Washed Rio .... 

27-4 

1-14 

15-95 

20-9 

32-6 

4-5 


0-61 

Costa Rica 

20-6 

1-18 

21-12 

21-1 

33-0 

4-9 

- 

0-46 

Malabar 

25-8 

0-88 

18-80 

20-7 

31-9 

4-3 


0-60 

East Indian .... 

24-4 

1-01 

17-00 

19-5 

36-4 


— 
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Cotamaille (Mon. Srj. 1876, (3], 6, 779) found 
in oadressed Mysore coffee ; 

Fat 12°68 

Glncose 2 ^ 

I«gaimn.caaein . . . 1-S2 

Albumen 1 04 

Caffeine 0 42-1 31 

Ash 3 89 

Five different commercial types of Ceylon 
coffee gave the following rcsnlta published by 
the Imperial Institute : 

PerceBtage 

Itin Uax Average 

Moisture ... 19 1 10 0 10 3 

Caffeine . . 2 1 2 4 2 3 

Crude proteins . 11*2 13 4 12 5 

Fat . . 61 7 8 69 

Carbohydrates 49 3 62 1 60 7 

Crude fibre . . 13 6 15 3 14 4 

Ash . . 3 3 3 5 3 4 

It will be observed that these samples were nn- 
usuaUy rich m caffeine whilst the proportion of 
fat was low. Data publisned by tbe same 
authonty for coffee grown m Sierra Leone were 
more normal, approsimatuig closely to tbe 
values for Arabian coffee, sis. moisture 8 2, 
caffeine 1'3, crude proteins 8 5, fat 10 1, nitro 
gcH'free extract 60 6, crude fibre 17 8, and ash 
3 5%. Valenzuela (Philippine J Sci. 1029.' 
40, 340) gave the average percentage composi. 
tion of seven vanetiea grown in the Philippines 
as follows ! moisture 9 86, caffeine 197, fat' 
8 71, reducing sugar 6 22, crude fibre 19 C5, 
nitrogenous substances 12 95, and ash 4 10. 

Cojjfeins.— Of the substances which have been 
isolated from coffee that which has attracted 
most attention is caffeine. It is interesting that 
the two other popular beretagee, tea and cocoa, 
rontain respccovely the alkaloids theme, 
identical with caffeine, and theobromine, which 
is closely related to it It has been suggested 
that the caffelbe is present as raffetannate, whilst 
Oortcr (Annalen, 1908, 358. 327) states that tbe 
caffeine occurs in coffee combined with poUs- , 
Slum as potassium-caffeinc chlorogeoate, 

C,.H„O,K(C,H„N,0,),. I 

ZtSv'ait rise, -a, riAwy vAiw twi.v?fi».V.Viea 

and the method of its determination has there- 
fore received considerable attention The per- 
centage of caffeine in coffee, and particularly in 
the so called de-caffeiniscd coffee, is so low, 
however, that some methods snitable for general 
application are of little value in this connection 
and only those especially devised for coffee need 
be mentioned. l,en(irich and Nottbohra (Z 
Mnlers. Nahr.-Getiussm 1909, 17, 241) propoee 
the extraction with carbon totraehlonde, and 
transference to sohd paraffin which m then 
extracted with water. After clearing with 
potassium permanganate the aqueous solution is 
evaporated to dryness, the residue extracted with 
chloroform, dried, and weighed. FendJer and 
Stllber (Z. Unters. Jiahr.-Cenossm. 1914, 28, 0) 
whilst confirming this method suggest cf[taiii 
modifications which render the estimation raore 
expeditious. Vautier(Mitt. Lebensm. Hyg. 1919. 
10, 272) suggesU that at least 10 g. of the cample 


should bo taken and first extracted with ether. 
The crude caffeme should then bo extracted with 
chloroform, evaporated to dryness with sodium 
carbonate, again extracted with chloroform five 
or six times, the extracted caffeine then being 
dried and weighed. Bonifaxi (5Ltt. Lebensm. 
Hyg. 1926, 17, 307) confirms Vautier’s method. 
\^nous modifications have been suggested. 
Thus Ugarte (Chemia, 1930, 7, 490) proposed 
that before extraction the matenal should first 
be carbonised cautiously in a Kjcldabl flask, 
care being taken that none of the white vapour 
formed is allowed to escape. Bonn and Desgrex 
(Ann. Falsif 1931, 24, M6) propose that after 
extraction the residue from evaporation should 
be taken up in 10 ml of 5% HCI and an excess 
of eilicotungstic acid solution added. After 
heating and prolonged standing the precipitate is 
filtered off, ignited and w eigbed, the weight of the 
precipitate multiplied W 0 2236 representing 
the hydrated caffeine. Heiberg (Milt. Lebcoam. 
Hyg 1933, 24, 54) states that results are 
obtained if the powdered coffee u first rubbed 
with a muture of lime and quartz sand. Herudl- 
hofer (Mikrochem. 1932, 12, 227) proposed an 
interesting nephelometnc method for measuring 
the turbidity produced by adding sodium 
pbospbotungstate to a caffeme solution The 
amount of caffeine in “ deeaffemised ” coffee 
vanes considerably according to the nature of 
the ongina) coffee and t))9 process employed. 
Guillaume and Lefrenc (Bull Sci Fbarmacol. 
1935, 42, 14) state that the quantity of soluble 
substance in “ caffeine-free " coffee is only two- 
thirds of that m tbe untreated matenal and the 
caffeme may be os low as 0 0091%. Breunsdorf 
(Z Unters. Lebensm 1933.65,460)founAthatin 
an infusion of8-Il g. m 160^. “ caffeine poor ” 
coffee gate up to 22 mg. of caffeine, “ caffeine- 
free” coffee gave up to B B mg., and coffee gave 
up to 72 mg. Bonifazi (Mitt. Lebensm. Hyg. 
1926, 17, 307) found that 20 g. of decaffeinim 
coffee usually contains about 8 4 mg. of caffeine. 
For the estimation Borgmann (Apoth.-Ztg. 1031, 
71. 06) proposes a method involving .%ihlet 
extraction, whilst Clifford (J. Assoc. Off. Agnc. 
Chem. 1931, 14, 663) supports a method ba^ 
upon sublimation 

Cojfttanme and, which is said to bo present in 
vr/E«v,Tft •tiTiwi\w, vti As VEiHqiswiA'ron vtA -fvrj 
susceptible to change. According to Gorter 
(Annalen, 1908, 358. 327) it » aa.wciated with 
chloro^nic acul, which is present in the pro- 
portion of C 3-7 7% in the raw bean and 3 2- 
4 5% in tbe roosted coffee (Hoepfner, Z. Unters. 
Le^nam 1933, 68, 233). Tbe same worker 
(Cbein..Ztg. 1932. 66. 991) states that in (ho 
presence of acetic acid, rhiorogcnic acid gives a 
InlliaRt cannino roloration on the addition of 
NaOH. Ills method has been modified by 
Pluckcr and Kedholz (Z. Unters. Lebensm. 1934. 
«8, 07). Juiany (Z. anal. Chem. 1933. M. 225) 
proposes a method involving extraction with 
alcohol and transfer through sobd parailin to an 
aqueous solution which is cleared with lead 
acetate, the optical rotation then giving a 
measure of the chlorogenic acid present. 
According to Jurany saropJes of raw coffee were 
found by this method to contain 8-0% of chloro- 
genic acid, y v. 
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Sugar . — Heifeldt and Stutzer (Z. angew. 
Chem. 1895, 8, 469) state that sugar occurs in the 
raw bean only as a glucoside. This is in con- 
tradiction to the findings of other investigators. 
Thus Konig and Bell found from 5 to 9% in raw- 
coffee. In support of this finding BeU points 
out that when the saccharine extract of the 
beans is boiled -with a h'ttle dilute sulphuric acid 
a quantity of glucose is obtained nearly equiva- 
lent to the weight of dry extract operated upon, 
a result inconsistent with the presence of sugar 
as a glucoside. BeU considers that this sugar 
is not present as sucrose, but the chemists of the 
United States Department of Agriculture 
(BuUetin 13) have isolated cane sugar in con- 
siderable amoxmt as pure, weU-defined crystals. 
It is usuaUy accompanied by some invert sugar 
probably formed during the process of extraction. 
It is generaUy admitted that there is practicaUy 
no sugar in roasted coffee, that present in the 
raw bean being nearly all caramelised during 
roasting. 

Cellulose . — ^In coffee this is very hard and 
very difficult to define under the microscope, 
especiaUy after roasting, although the cldef 
characteristics of the ceUular tissue are more 
or less retained. It is dissolved by an ammonia- 
cal solution of copper oxide and gives a blue 
colour with sulphuric acid and iodine. Rem- 
nants of the “ silver skin ” are always present 
even after roasting, and its structure, a thin 
membrane with adherent thick-waUed, spindle- 
shaped and hoUow ceUs, is quite peculiar to coffee 
and a useful means of identification. 

Fat V. Coffee Bean Oil. 

Protein, chiefly in the form of insoluble 
albuminoids, occurs in coffee, both raw and 
roasted, to the extent of from 10 to 14%, the 
soluble albuminoids constituting about 2%. 

Mineral Matter . — ^The total amount of ash 
varies from 3-5 to 4-0% in raw, and from 4-0 to 
5-0% in roasted coffee. The folio-wing percent- 
age compositions are given by the United States 
Department of Agriculture (Div. of Chem., Bull. 
13, 904). 

Mara- 

Hocha. calbo. Java. Bio. 


Sand .... 

1-44 

Silica (SiOj) . . 

0-88 

Ferric oxide (Fe^O^) 

0-89 

Lime (CaO) . . 

7-18 

Magnesia (MgO) . 

10-68 

Potash (KjO) . . 

59-84 

Soda(Na20) . 
Phosphoric acid 

0-48 

(P.O,) . . . 

Sulphuric acid 

12-93 

^(SO,) . . . 

4-43 

Chlorine 

1-25 


0-72 

0-74 

1-34 

0-88 

0-91 

0-69 

0-89 

1-16 

1-77 

5-06 

4-84 

4-94 

11-30 

11-35 

10-60 

61-82 

62-08 

63-60 

0-44 

— 

0-17 

13-20 

14-09 

11-53 

5-10 

4-10 

4-88 

0-59 

0-73 

0-48 


Ludwig (Arch. Pharm. 1872, [iii], 1, 482) 
states that the silica increases from the root 
upwards to the leaves and pericarp of the fruit, 
after which it declines in the parchment skin 
and is nearly absent in the bean. 

Physiological. — The primary value of coffee 
as an article of human consumption is its 
stumdative property. Indeed, it can, when taken 
in a strong infusion, have such an exhilarating 
effect that, as already stated, attempts were 


made to prevent its use in Mohammedan countries 
on the ground that it was an intoxicant. 

According to Lehmann and Weil (Arch. hyg. 

1923, 92, 58) the action of coffee on the nervous 
system is to be attributed to the caffeine present. 
For the same reason coffee is a stimulant to 
gastric secretion (Haneborg, Acta. Med. Scand. 

1924, 61, 228; and Farrell, North Western Univ. 
Amer. J. Physiol. 1928, 85, 672) although 
Bandoin {BuU. Soc. hyg. aliment, 1920, 11, 655) 
found that coffee has a deeided retarding effect 
on peptic and pancreatic digestions which is 
proportionate to the tannin content. A strong 
infusion of coffee has a distinct diuretic effect 
which, probably owing to the action of lecithin, 
can be inhibited by the addition of milk or 
(more effectively) cream, Hitzenherger and 
RoUer (Wien. Arch. inn. Med. 1935, 27, 133). 
Pietro di Mattei (Arch. Farm, sperim. 1923, 35, 
5) found by experiments on pigeons that roasted 
coffee had a marked curative effect in cases of 
polyneuritis, although raw coffee and pure 
caffeine were without effect. 

Adulteration. — ^Although the adulteration 
of coffee in this country is now practically non- 
existent, it is very common abroad and the 
number and variety of the adulterants are almost 
unlimited. Many of these are best detected by 
means of the microscope. Digestion -ivith water 
affords a ready means of differentiating between 
the pale soft-walled tissues of the cereals and 
roots, often used as adulterants, and the dark- 
coloured and hard-walled tissue of coffee. The 
cereals may readily be identified by their 
characteristic starch granules. The chemical 
differences between coffee and its adulterants are 
also strongly marked, as the sophisticated pro- 
ducts usually show high’ aqueous extract and 
sugar and low fat and caffeine contents. The 
density is also a useful factor in the preliminaiy 
examination, that of raw coffee varying between 
1-041 and 1-368 and that of roasted coffee 
between 0-500 and 0-635. In the Paris Municipal 
Laboratory, Regnault’s volumenometer, as 
modified by Dupre, is used for this purpose. 
Colouring matters are frequently employed to 
disguise damaged beans and give them the 
appearance of superior quality. Among the 
substances so used are chrome yellow, yellow 
ochre, indigo. Prussian-blue, azo-dyes, and 
soapstone for the raw bean ; and burnt umber, 
oxide of iron, and I^enetian red for the roasted 
bean. The inorganic colom-ing matters are best 
sought in the ash or in the sedimeat obtained by 
shaking the beans in cold water ; indigo and 
Prussian blue by their usual reactions and other 
colouring matters by extraction with alcohol. 
Glazing is a process resorted to for the alleged 
purpose of preser-ving the roasted beans. The 
substances used, a mixture of egg albumen with 
glucose or gum, are said to have the effect of 
clarifying the infusion. The improved appear- 
ance of the beans and increased weight due to the 
retention of moisture, are probably also im- 
portant considerations. The latter result is 
sometimes attained by the addition of sugar 
before roasting or by steaming the beans and 
coating them with glycerine, palm oil or vaseline 
to prevent evaporation of moisture. Bertarelli 
(Z. Nahr. Genussm. 1900, 3, 681) describes the 
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adolteration of roasted coffee beans vitb a 
solution of borax, 'which not only gives the beans 
a glossy appearance but also ^ds as much as 
12% to their weight. Shellac is occasionally 
ns^ for glazing, and Nottbohm and Koch (Z. 
Kahr. Gennssm. 1911, 21, 238) draw attentum 
to the fact that shellac is sometimes coloured 
by arseme trisulphide. Coffee beans which had 
b^n glazed with arsenical shellac were found to 
be strongly contaminated with arsenic. Zur- 
bnggen and Scheurer (Mitt. Lebensm, Hyg. 
1931, 22, 377) found that many substances used 
as coatings for coffee can be identified by washing 
the grams with a suitable solvent, evaporating i 
and companng the fluorescence of the extract 
under a mercury lamp with that of pure speci 
mens of the substances suspected 
Although the addition of chicory (f.v.) to 
coffee IS often regarded as a form of adulteration, 
public preference for this admixture justifies 
the new that chicory u an adjunct to, rather 
than an adulterant of, coffee if its presenco is 
disclosed at the time of sale. It would appear, 
however, that chicory is declining in favour, the 
consumption m the United Kingdom having 
steadJy fallen from 3,200 tons in 1927 to 700 
tons m 1936. Chicory hsa httle in common with ' 
coffee except a considerable proportion of 
sugar which fa converted into caramel m the' 
process of roasting and thus imparts to the 
infusion a deep colour, a bitter taste, and an 
aroma somewhat reseoblmg that of coffee. 
Smith and Bartell (Umv. of Micb. Dept, ofl 
£ng. Research, Sept. 1924) show that, owing 
appatently to a process of chemical reaction 
between the caffeol of the coffee and the soluble 
constitnenta of the chicory, the aromatic caffeol 
IS held in the infusion. An elaborate research 
into the nature of coffee and chicory with a new 
to the detection of adulteration was made at' 
the instance of the Commissioners of Inland 
Bevenue in 1852 by some of the leading ^ta mats 
and chemists of toe day, and the results are of 
great practical value even at the present time. 
The following table, prepared during this in- 
vestigation, shows the sp gr. at 60°F. of solutions 
made by treating 1 part of each of the sub- 
stances named (rosst^ and finely ground) with 
10 parts of water (by weight), rafamg the mixture 
to boikag.pomt lor haU a minute, \h«i filtering' 
and coolmg. 

Spent tan 1002‘1 

Date stones 1002 9 

Lupin seed 1005 7 

Acorns 1007*3 

Peas 1007*3 

Mocha coffee ..... tOOS 0 

Beans 1008 4 

Neilgherry coffee .... 1008 4 

Kantalion Ceylon coffee . . 10087 

Java coffee 1008 7 

Jamaica coffee 1008 7 

Native C!eylon coffee . . . 1009 0 

Costa Rica coffee .... 1009 6 

Parsnips. 1014 3 

Carrots 1017*1 

Black malt 1021*2 

Turnips 1021*4 

Rye malt 1021 6 


Engh'sh chicoiy 1021*7 

Dsndehon root 1021*9 

Red beet 10221 

Foreign chicoiy .... 1022 6 

Guernsey chicoiy .... 1023 2 

Slangold wurzel .... 1023 5 

Roasted figs 1024 9 

hfaize 1025 3 

Bread raspings 1026 3 

It will be seen from the above table that the 
low specific gravity of the coffee infusion dis. 
tinguishes it from roots and cereals, and when 
chicory is the only substance admixed with the 
coffee Its percentage may be calculated with 
approximate accuracy by a comparison of the 
gravity of the infusion of the mixture with 
the average gravities of coffee and chicoiy given 
in the table. As an alternative method ^vini 
(Annali C!him. Appl 1923, 13, 217) suggests 
boding 10 g. of the sample for 5 minutes with 
200 m). of water. The infusion is then cooled, 
made up to 250 ml , and filtered ; 25 ml. of the 
filtrate are evaporat^ to dryness and the residue 
weighed. Variation from the normal figure for 
coffee indicates some form of adulteration. 
Bunco and Moitra (Analyst. 1932. 57, 708) 
state that the average extract obtained from 
Indian coffee is 28%, which is about 4% higher 
than IS ordinarily assumed for coffee, and that 
tbeiefore the origin of ths coffee must be taken 
into account in applying the above melboda 
The relative colouring powers of roasted coffee 
and chicoiy afford a further simple test for the 
presence of chicoir or other substances contain* 
ing caramel. A lexr grains of the sample are 
placed on the eutface of cold water m a glau 
vessel, without stimng, when the particles of 
foreiOT substance each emit a brownish*coloured 
cloud, which is rapidly diffused in streaks 
through the water. Pure coffee affords no 
appreciable coloration under similar conditions. 
The chicory readily sinks, whilst nearly the 
whole of the coffee remains at the surface. If 
examised under the microscope the eediment 
of chicory which reachea the bottom of the vessel 
will be found to exhibit tho characteristic large 
cells with dotted vessels and branching lacti* 
ferous ducts. Even to the touch of a needle there 
difference, lor w'hdst chicory under these 
conditions will feel soft, the coffeo grams remain 
hard. Wintcr-BMh (“ Foods ; Their Com- 
position and Analysis," p. 368) thus summarucs 
the influence of chicory on the coffee mixture : 
the respective proportions of gum, fatty matter, 
taonio and caffetannic acids, and caffeine are 
decreased, the proportion of sugar is increased, 
and the constitution of tho anh fa profoundly 
modified, especially in the proportion of sihca, 
which fa not found to any great extent in coffee 
ash. In amplification of the last point the 
following may be accepted os representing the 
principal differences m the composition of 
the lespective ashes : 

Coffee. Cbleory. 

Silica and sand . — 10-09-35 85 

Carbonic acid . . 14 02 1*78-3 19 

Sesquioxideofiron 0 44-0 93 3 13-6 32 

Chlorine . . . 02&-M1 328-493 



257 


COHUNE NUT. 


There is a marked difference in the proportion 
of ash soluble in water, that from coffee being 
about 76-85% and from chicory 21-35%. 

“ Decaffeineised ” Coffee. — The public demand 
for “ decaffeineised ” coffee has resulted in 
considerable search for a method which, while 
removing some or all of the caffeine, will yield a 
product possessing unimpaired the flavour 
and aroma of the original bean. Many of the 
processes thus devised have been patented and 
it is possible that, at least in some cases, com- 
mercial considerations have, in part, formed the 
basis for the favourable claims advanced on their 
behalf. In any case the so-called “ decaffeine- 
ised ” coffee almost invariably contains some 
caffeine which may vary from a trace up to 
1%. The basic principle underlying nearly 
all the processes is some form of extraction 
but the solvents used and the treatment of 
the beans show wide variation. When an 
aqueous extraction is relied upon the water may 
be untreated, rendered alkaline, or loaded by 
the solution of sugar or other substances, in 
order to effect the selective removal of the 
caffeine from the beans. The organic solvents 
used include benzene, toluene, ketones, alcohols 
and chloroform. In some cases solvents are 
used in rotation whUat in others an emulsion of 
chloroform or benzene with water is used. The 
extraction sometimes takes place under pressure 
whilst in other methods the beans are crushed, 
rolled, or steam-heated before or during the 
extraction. It is a common practice to remove 
the last traces of the solvent by passing a 
current of hot air or steam over the beans at 
the end of the process. In some cases no 
attempt is made to conduct a selective extrac- 
tion. Conditions are imposed which result in 
substances other than caffeine being removed. 
The solution is subsequently treated with a 
solvent in which the caflFeine is readily soluble 
and the residual extract returned to the beans by 
spraying before roasting. As an alternative to 
extraction by treatment of the beans with a 
solvent it is claimed that infusions of coffee can 
be “ decaffeineised ” by passing through char- 
coal or a layer of silica gel. 

Substitutes ob Imitations, although not 
very common in the United Kingdom, are more 
prevalent in the coffee-drinking countries of 
Europe and America. They are prepared from 
a variety of different substances. In addition 
to chicory, these include acorns, beet refuse, 
bran, cereals (barley, maize, malt, oats, rye and 
wheat) caramel, carrots, dandelion root, figs, 
lupin seeds, mangolds, parsnips, peas, beans, 
coffee husks, cassia seeds, date stones, etc. In 
general these may be identified by the methods 
proposed above. These preparations are some- 
times offered quite openly as substitutes, but 
imitation beans have been prepared by mixing 
any of the above with gum, molasses or other 
adhesive material and skilfully moulding the 
mixture into the form of coffee berries. The 
following are some of the imitations or sub- 
stitutes which have been placed on the market : 

Negro or Mogdad coffee made from the seeds 
of Cassia occidentalis. 

ilassaendar coffee from the seeds of Gxrtnera 
naginata. 

VoL. III.— 17 


Kunst Kaffee from roasted roots or cereals. 

Pelotas coffee and Coffee surrogate from ground 
acorns. 

Date coffee from date stones or dried dates 
mixed with a small proportion of coffee. 

“ French Coffee ” is a description sometimes 
applied to a mixture of coffee with burnt sugar 
and a large proportion of chicory. As these 
ingredients readily absorb moisture on exposure 
to the air this mixture is usually preserved in 
tins. 

F. G. H. T. 

COFFEE BEAN OIL and WAX. 

Apart from a waxy coating on the outer surface 
of the bean, coffee beans contain from 5-12% 
of a fatty oil ; the wax-free oil has an iodine 
value of about 100, a hydroxyl value about 23, 
and saponification value about 195, and contains 
about 12'6% of unsaponifiable matter (Schuette, 
Cowley and Chang, J. Amer. Chem. Soc. 1934, 
56, 2085 ; cf. Meyer and Eckert, Monatsh. 1910, 
31, 1227). The fatty acids consist chiefly of 
palmitic, finohc, and oleic acids, with smaller 
amounts of myristic, stearic, and arachidic acids ; 
higher fatty acids (tetracosoie acid, the “ car- 
naubic ” acid of some ■writers) are present in the 
wax from the outside of the bean and are, there- 
fore, found when the total ether-extract of the 
entire bean (saponification value 150-195, iodine 
value 80-100) is examined (cf. von Noel, 
Pharm. Zentr. 1929, 70, 69 ; Heiduschka and 
Kuhn, J. pr. Chem. 1934, [ii], 139, 269 ; Bengis 
and Anderson, J. Biol. Chem. 1934, 105, 139 ; 
Bauer and Neu, Fette u. Seifen, 1938, 45, 229). 
A phytosterol, m.p. 138-139°, and a, substance, 
CigHjeOs (m.p. 143-143-5°C.), termed 

“ kahweol ” (from the Arabic “ qahweh,” 
meaning coffee) have been separated from the 
unsaponifiable matter (Bengis and Anderson, J. 
Biol. Chem. 1932, 97, 99 ; Dillingham and 
Thompson, Univ. Hawaii, Occas. Papers, 1934, 
No. 19; Bauer and Neu, l.c.). The oil is also 
stated to possess antirachitic activity (cf. von 
Noel and Dannmeyer, Strahlentherap. 1929, 32, 
769), which, like the characteristics of the oil, 
is not affected by the roasting of the coffee 
prior to extraction of the oil. Coffee oil does 
not appear to possess much technical interest at 
present, although a certain amount of the crude 
fat (including the wax) can be recovered as 
a by-product from the extracts obtained in the 
decafihising of coffee by the solvent process; 
the recovery of the oil from coffee scheduled 
for destruction in Brazil has also been proposed. 
It is stated that during the War of 1914—1918 
used coffee grounds were collected in Austria 
for the sake of the 12% of oil which was 
extracted therefrom (for soap-making ?) (cf. 
Fahrion, Z. angew. Chem. 1917, 30, 125 ; Munk, 
Allgem. Oel- u. Fett-Ztg. 1932, 29, 13), a 
practice which has recently been revived in 
Germany. 

E. L. 

COGNAC V . Brandy. 

“ COGWHEEL ORE ” v. Boubnonite. 

COHEN ITE V . Cementite. 

COHUNE NUT . The fruit of the cohune 
palm (Attalea Cohune Mart.), gro’wn largely in 
Honduras. The nut is very similar in structure 
to the coconut, but is smaller. Its primary use 
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is for the prodaction of oil utilised largely or cordage. The short fibre or tow is used in the 
for eoap-boiling. The flesh of the nuts contains form of curled fibre as a substitute for horse hair 
4 5% of water, 65-71% of oil, and approximately as a stuDSng material in upholstery, and the dust 
20% of protein. The principal protein is a and refuse as a manure and for other gardening 
globulin which may be extracted with bnne purposes. 

and precipitated by addition of ammosium Coir is composed of strong, elastic, reddish* 
sulphate. Jones and Gersdorff giro the nitrogen brown filaments which are harsh to the touch 
distnbution of the globulin as : and rather brittle These filaments are thick 

% in Ute middle and gradually taper towards the 

Amide-N 7-6 ends, the diameter in the widest part varying 

Humin*N . 09 f«>“» 005 to 03 mm. ; they are from 15 to 

Cystine-N ... .05 32 cm. long, and either round or elliptical in 

Arginine-N . 30 8 cross-section. The fibre is very resistant to the 

Histi^ne-N ... 26 action of water and is so light as to float on it, 

Lysine*N 7 9 and it is therefore of special service for the 

Amino*N of filtrate . . 47 9 manufacture of ships’ ropes. 

Non-aniino-N of filtrate . 2 3 The filaments are composed of fibro-vaacnlar 

tissue consisting chiefly of very short, irregularly 
Tryptophan (0 65%) has also been detected thickened fibres of uneven diameter: these 
(J. Biol. Chem. 1920, 45, £7 ; 1924, 62, 183) ultimate fibres are about 0 4-l‘0 mm. long and 
A. G. Po. 12-20 /I m diameter. 

COHUNE NUT OIL w. Cocohut On. ThefibreaubstanceconsutsofahighlyLgmfied 
Croup, (this vol. p. 243d.) form of cellulose On microchemieal treatment 

COIR (or coconut fibre) is denved from the with iodino and sulphuric acid, it gives a 
fibrous husk (mesocarp) of the fruit of the golden yellow colour, and with aniline sulphate 
coconut palm (Cocos tiuet/era Linn ). This an intense yellow colour : it is not attacked 
palm is distributed throughout the coastal by Schweitzcr'a reagent 
regions of the tropics It is cultivated czten* E 0 

aivcly in India, Ceylon and ilalaya. and is COKE MANUFACTURE AND THE 
largely grown m the Philippine Islands and in RECOVERY OF BY-PRODUCTS. 

South American countnes Some varieties of Iktsoduction. — Previous to the early 

the palm an aaid to yield fibre of a finer quality nineties, practically the whole of Bntisb metal 
than others : the quality is also uifiuenced by lurgical coke was made in the old beehive oven, 
the aituation of the plantation, the fibre yielded w^cb, as will be seen from whst follows, u a 
by palms growing near the sea being finer than semi-combustion process, involving the loss of 
that from inland trees. the whole of the gas and by products, together 

The fibrous material in its raw state consists with a portion of the possible coke yield. With 
of a mass of fibre etnnds of varying length the gradual disappearance of the old prejudices 
aaaoasted with corky and other non*fibrous against coke made m by-product ovens, the 
tissue, The best fibre is obtained from fruits latter and much more economical process l^gan 
that are gathered before they are quite npe ; to assert itself, and in 1898, 1-25 million tons of 
as the nuts ripen the fibre becomes coareer and a coal were being carbonised in by product coke 
longer period of steeping or rettmg is necessary, ovens ; in 1005 the quantity of coal so treated 
with the result that the coir acquires a dark reached 3 31 milbon and m 1035 about 
colour. 17 milbon tons, hleanwhde, the number of 

In the preparation of coir by the native beehive ovens m operation had decreased from 
methods the husks are detached by striking 16,037 in lOlO to 692 in 1935. According to 
the fruits on sharp spikes fixed firmly in the figures pubbshed by the Coal Conservation 
ground. Tho husks are immersed in pits Committee at the end of 1017, some 8,700 by- 
ecntsOTiirghrstiiih ws/er, pnx/act areas wem la operation tn Great 

work enclosures in backwaters, and left for Bntam (of which 8,000 wero fitted with benzol 
several months. On modem estates the removal recovery arrangements) with a total carbonising 
of the husks is effected by machinery, and the capacity of 17*5 million tons of coal per annum, 
steeping IS carried out in steam heat^ tanks. In 1017, 166,354 tons of ammonium sulphate 
Wlicn sufficiently softened, the husks are were produced in British coke oven plants. The 
withdrawn from the water and are then beaten practice of by-product recovery had become 
by band with wooden mallets or passed through a universal in Germany years ago ; whilst m the 
crushing machine in order to free the fibres from United States the by-product plants, either 
the corky tissue. After leaving the crushing building or m operation at the end of 1017, 
machine, the husk is passed into the extractor wero cepablo of producing 24 milbon tons of 
or Lrcalung-down machine, in which it is com* coke per annum. In view of this rapid adoption 
pletely dismtegrsted. The product is then of the by-product coking process m sU these 
dried and treated by a ** wiUowing ” machine countnes, the following article will bo confined 
to remove dost and other debm. The fibre to a description of modem coking methods 
is usually sorted by a combing or hackluig viewed chiefly from a by-product standpoint, 
process into grades of different lengths and with only a passing reference to tho wasteful 
quabties. Tho coarser and stifTer or “ brush *' beehive process. 

fibre is used as bristles for brush-making: History or the By-Product Coxiho Pro- 
whilst the longer and finer " mat ” or spuming cess — Tho earliest reference which wo can find 
fibreisemployedfor the manufacture of matting of any observation being made on coal as a 
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source of by-products is that contained in the 
memoirs of Johann Joachim Becher, dating 
about the end of the seventeenth century ; 
Becher states that he has found means for 
treating coal “ so that it no longer smoakes nor 
stinks,” and in doing so made a tar equal to the 
Swedish. 

The use of coke in iron smelting became 
general within 50 years of Becher’s discovery, 
and a French metallurgist, De Gensanne, de- 
scribes a process working at Sulzbach near 
Saarbrucken prior to 1768, where coal was 
coked for iron smelting, tar being recovered as a 
by-product ; Stahl is said to have been the 
inventor of this process, and he produced there- 
from an “ oil,” bitumen, sal-ammoniac, and 
lamp-black. 

In 1781 Archibald, Earl of Dundonald, was 
granted a patent for “ allowing coals to burn or 
ignite without flaming, so by their o\vn heat to 
throw off the tar or oils that they contain.” 
Dundonald stated that the only method whereby 
tars coidd be obtained prior to his discovery 
was by a distillation in closed retorts, where 
the admission of external air was prevented 
and where other coals were required for heating 
besides the eoal contained in the closed vessel. 
It is interesting to note that Dundonald was 
well aware of distillation in closed retorts, 
which is the basis of modem by-product 
coking methods, and it is also evident that 
his knowledge of closed retorts was 16 years 
previous to the introduction of coal gas for 
street and household illumination in 1797. 

In 1838 Frederick Neville obtained protection 
for an invention which consisted in heating 
ordinary gas retorts by the waste heat from 
beehive coke ovens, the distilled gases from the 
retorts being passed through condensing and 
scrubbing appliances. William Newton, in 1852, 
introduced the use of an aspirator or pump for 
withdrawing the gases from coke ovens through 
condensers and scrubbers. Newton likewise 
mentions the use of acids for removing the 
ammonia from the gases. In 1860 W, H. 
Kingston patented a coke oven provided with 
external furnace, from which the heat evolved 
by the combustion of an auxUiaiy supply of 
coal was conducted round the oven through a 
system of flues ; the evolved gases were passed 
through a series of pipes and condensing vessels 
for the recovery of the by-products. Kingston’s 
patent is especially noteworthy, since he recog- 
nises that the tme method for the recovery of 
by-products from coal lies in heating the coal in 
closed chambers, and not in chambers to which 
air is admitted. 

With regard to Continental practice, in 1850 
Pauwels and Dubouchet, and in 1862, Pemelot, 
introduced systems of carbonising coking 
coals in long rectangular chambers, heated 
from below by the regulated combustion of 
part of the gas in flues specially constructed 
under the floor, for the purposes of manu- 
facturing metallurgical coke and removing tars, 
oils and ammonia. The Pemelot system was 
tried in the north of England in 1870, but the 
coke produced was too soft for metallurgical 
purposes. 

In 1856 Knab erected a coal-distillation 


plant at Commentry, on the closed-retort 
system with bottom flues, but made no attempt 
to recover by-products. Later Knab was joined 
by Carves, who (1866-1873) introduced 
improved methods of heating by side flues in 
addition to the bottom flues, thus obtaining a 
more even distribution of temperature and a 
quicker rate of carbonisation. Carvfes likewise 
utilised the gases (from which the by-products 
had been extracted) in the side-wall flues, in 
addition to the auxiliary coal as employed by 
Knab. The Knab-Carvis ovens at Commentry 


gave the following results : 


Large coke .... 

% 

. . 70-00 

Breeze 

. . 1-50 

Dust 

. . 2-50 

Graphite 

. . 0-50 

Tar 

. . 4-00 

Ammoniacal liquor . 

. . 9-00 

Gas 

. . 10-58 

Loss 

. . 1-92 


100-00 


Further plant on the Carvfes system were 
erected at Bessiges and Terre-Noire, near St. 
Etienne, between the years 1866 and 1873, and 
were stUl further improved; the Carvfes ovens 
working at Bess&ges in 1880 were built with 
carbonising chambers only 24 in. wide, to 
facilitate rapid heat penetration and quick 
carbonisation. In 1881 H. Simon of Man- 
chester introduced a recuperator, whereby the 
air necessary for the combustion of the gas 
in the side-wall flues of the Carves oven was 
preheated by the waste gases escaping from the 
flues, and thus the rate of carbonisation was 
still further increased, the combined work of 
the two investigators resulting in the well- 
known Simon-Carvfes oven, which may be held 
to be the precursor of the modem by-product 
coking retort. 

Following on the success of the Simon- 
Carvis process, other coke-oven patents were 
filed, viz. Semet-Solvay, 1880 ; Hiissener, 1881 ; 
Lurmann, 1882 ; Otto and Brunck, 1883 ; but 
although development was rapid on the Con- 
tinent, little was done in this country before 
the nineties, owing to the prejudice of iron 
smelters against by-product coke ; that this 
prejudice has now disappeared wiU be seen from 
the rapid adoption of the process, indicated by 
the figures at the beginning of this article. The 
by-product coking plant which have generally 
found acceptance in this country are the Otto- 
Hilgenstock, Simon-Carvfes, Koppers, Semet- 
Solvay, Simplex, Coppee, and Hiissener. 

NoN-By-PKODUcT AND By-Pkoduct Ovens 
Compared. — Prior to the establishment of the 
by-product coking process, the type of oven 
universally employed was that known as the 
beehive. This oven (Fig. 1) consists of a fireclay 
chamber, beehive shape in elevation and circular 
in plan, provided with a loose brick charging door 
at ground level, and with an exit flue in its crown 
for carrymg the waste gases to the chimney. 
The coal is charged into the oven by spades, 
through the charging door, to a height of 
2 ft. 6 in. to 3 ft., is then ignited, and the 
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charging door bricked up and plastered, a email 
hole 6 in. square being left for the admission 
of air. The upper layer of the coal bums and 
sets up distillation of the under layers, the' 
evolved gases passing upwards and burning 
in the dome of the oven, with the air drawn in 
at the door. The dome is thus soon heat^ 
up to a high temperature, and by radiation 
powerfully assists in carbonising the charge of I 
coal below. This operation of dutiUation and ' 
immediate combustion proceeds tmtil the whole 
of the volatile constituents of the coal have 
been evolved, which for a 10 ton charge oeenpies 
70 hours. The coke is then quenched with 
water and withdrawn by rakes. 

It will be seen that by this process, the whole 
of the volatile products, that is to say, volatile 
hydrocarbons and ammonia together with the 
permanent gases, are burned immediately 
they arc evolved vnthin the coking chambers 
itself ; further that it is not possible so to 
regulate the combustion of these gases with, 
out burning a portion of the coke on addition, . 
in actual practice, from 15 to 20% of the coke 
IS burned to waste. For the reason, too, that 
the coke is quenched inside the oven, the, 
temperature of the latter is lowered, so thati 
before the next charge can be coked, considerable ' 
expenditure of heat is necessary to raise the 
to coking temperature. The removal of the 
coke by hand rakes Is also tedious and expensive 

With the object of overcoming the mam 
drawbacks of the beehive oven, Coppie intro 
duced a non by product retort of rectangular 
form, from which the coke could be discharged 
en bloe by a rammmg machine and quenched 
outside the oven, thus expediting the o^ration 
and greatly increasing the yield. In Coppie’a 
oven (Fig. 2) the gases evolved from the coal 
are drawn into flues in the side walls where 
they are burned, and in this way com. 
bustion withm the coking chamber and loss 
of coke, as occur in the beehive oven, 
avoided. 

The by-product retort (Fig. 3) is built on the 
same lines as the Copp^, that is to say, it is 
a rectangular chamber heated by flues in ti 
side walls, and the coke is discharged by 
ramming machine ; the essential point < 
difl'ercnce lies m the fact that in the Copp^ei 
the whole of thegases containing the by-products ' 
are drawn immediately they are evolved into 
the Bide wall heating flues, where they are 
burned ; in the by-product retort, the gasea 
and products are drawn from the oven through 
cooLng and washing plant for the recovery of I 
the tars, ammonia, and benzol, and the perma- ' 
nent gas only is burned in the flues after the 
said pr^ucta have been extracted. In the 
Coppie, the whole of the permanent gas is 
bum^ in tbe beating flues ; in the by-product 
oven, only one-balf to two thirds of the gas is 
utilised in the flues, the Tcroainder being avail- 
able for heating or power purposes. 

The diagrams (Figs. 1. 2, and 3) clearly 
illustrate the essential differences in the three 
types of oven discussed above. 

ft will be seen, therefore, that in addition to 
obtaining the theoretical coke yield, and a large 
output, the by-product retort yields valuable 



Fio. 2.— CoprflB. Fio. 3.— Bx-prodoct 

Rstort. 

by-products and a considerable yield of power 
or beating gas. The average yields (calculated 
upon 100 parts of dry coal) of coke and by-pro- 
ducts obtainable from Bntish coking coals of 
different origin by the most up to-date methods, 
are approximately as follows : 

Anhjd Cruilo AmmouJuni 
tar. beutol sulphate. 

3 85 0 03 M6 

3 62 1-37 1 35 

3 60 1-20 1-25 

262 0 60 005 

3 25 0 70 1 00 


Origin Coke 
Durham . . 75 0 

South Yorkshire 70 0 
Lancashire 70 0 
South Wales . SO 0 
Scotland . . 68 0 


Coke Ovex Dxsiok and Constrcctiov. — 
A modem by-product coke oven is a rectangular 
chamber from 40 to 45 ft. long, 12 to 20 ft. high, 
and from 14 to 20 ins. wide. It is closed 
at each end by a cast iron or steel door with 
firebnek lining, which is lifted by a small 
crane wbenevev the contents of the oven 
are to be discharged. There are three or four 
boles in the roof through which the coal is 
charged into the oven from an eleefrically- 
dnveo charging lorry which runs on rails along 
the battery of osena. At one or both ends of 
the oven there is an iron “ ascension pipe.” 
through which tbe gas and volatile matter 
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expelled from the coal during the carhonising 
period are led into the “ hydraulic main ” 
running along the whole battery of ovens, much 
as in gas-works practice. 

The ovens and heating flues are usually 
constructed of silica brick, consisting of silica 
92 to 96%, alumina 2 to 3%, lime 1-3 to 2-5% ; 
such bricks are more stable at high temperatures 
and have a higher heat conductivity than the 
more aluminous bricks formerly employed; 
consequently, higher flue temperatures can be 
carried, as a result of which the speed of coking 
is increased while the heat economy of the 
system is improved, leading to a decrease in the 
quantity of gas required to heat the ovens. 

The charge of such an oven is from 15 to 25 
tons, and the coking time from 12 to 22 hours, 
equivalent to a throughput of from 25 to 30 
tons of coal per day. 

Coke ovens are built in batteries of from 25 to 
160 units ; they are heated by gas which is 
burnt in flues between the ovens so that the 
charge is carbonised by being heated from 
either side. The design of the heating flues 
varies much, but practically all modern coke 
ovens have vertical heating flues, the underlying 
principles being to economise as far as possible 
the amount of gas required to effect the car- 
bonisation, and to enable the greatest possible 
area of oven wall to be uniformly heated. The 
gas used for heating may be either part of the 
coke-oven gas after it has been passed through 
the by-product plant for recovery of tar, 
ammonia, benzol, etc., or provision may be 
made for heating the ovens by low-grade fuels 
such as producer or blast-furnace gas. In any 
case, however, the air required for combustion 
is pre-heated before it enters the combustion 
flues at the expense of part of the sensible 
heat in the burnt gases passing from the ovens. 
Where producer or blast-furnace gas is used 
for heating, such gas is also pre-heated in the 
same way as the air. 

Generally, top charging is practised, cleaned 
slack coal being simply run in through the 
charging holes in the roof of the oven, the 
charge afterwards being levelled by means of a 
small ram above the main ram which is intro- 
duced through a hole near the top of one of the 
end doors of the oven. Where weakly caking 
coals are carbonised, the charge is sometimes 
“ stamped ” before being introduced into the 
oven. In such cases, the crushed coal is com- 
pressed by a mechanical stamping machine in a 
wrought steel box slightly less in size than the 
oven chamber, and pushed ere bloc into the oven 
as a solid cartridge through the front doorway 
on the movable bottom of the box which forms 
the charging peel. At the end of the carbonising 
period the coke is discharged from the ovens 
by an electrically driven ram and either quenched 
by water as it emerges from the ovens or else 
at a remote quenching station such as will be 
described later. A good deal of attention 
has, of recent years, been devoted to diy-cooling 
of coke with a view to improving its quality 
and at the same time recovering part of the 
sensible heat, but wet cooling is still the general 
practice. 

As an example of modern coke-oven con- 


struction, a short description of the Becker oven 
is given. 

The Becker Coke Oven . — ^This oven, which is 
illustrated in Eigs. 4 and 5, is of the vertical 
flue type and the heating system is arranged so 
that either lean (blast-furnace or producer) 
gas or rich (coke-oven) gas may be used. Each 
oven has a series of vertical flues on either side, 
under each of which two regenerators are 
built. 

When employing blast-furnace or producer 
gas for heating, air passes up one of the two 
regenerators and gas up the other. Both the 
air and the gas enter their respective regenerators 
from both sides of the oven at the same time ; 
on leaving the top of the regenerators they enter 
the bottom of the heating flues so that the air 
and gas come together with streamline effect 
and the combustion zone is evenly distributed 
throughout the length of the vertical flues. 
The products of combustion are collected 
from the top of each four or flve vertical flues 
and carried over the top of the oven by means of 
cross-over flues (Eig. 4), of which there are six 
to each alternate oven, the intermediate ones 
not requiring any, as may be seen from the 
diagram. 

From these flues the waste gases are dis- 
tributed to an equal number of vertical flues on 
the other side of the oven exactly opposite the 
flues up which they have travelled. They then 
pass down these flues and into the regenerators 
immediately below, through which they pass to 
the waste gas flues, giving up a portion of 
their sensible heat to the chequer work in 
transit. 

At the end of a pre-determined period (from 
20 to 30 minutes) the direction of flow of gas 
and air is automatically reversed, so that the 
regenerators which have been heated by the 
waste gases are used to heat the air and fuel 
gas, while the relatively cool regenerators are 
heated up. The regenerators are so arranged 
that those in which gas is being heated are 
never adjacent to those in which waste gas is 
flowing, and leakage of fuel into waste gas is 
therefore impossible. 

When rich gas is employed as the heating 
medium, air passes up aU the regenerators and 
cold coke-oven gas is delivered through a 
horizontal gas conduit carried in the brickwork 
between the top of the regenerators and the 
bottom of the heating flues. From these con- 
duits the gas passes by means of a calibrated 
nozzle and vertical duct into the bottom of 
each vertical flue where it mixes with the pre- 
heated air coming from the regenerators. 
The flow of gases from this point is the same 
as when blast-furnace gas is used. 

Quenching and Cooling the Coke. — 
A common system of quenching the coke is to 
spray it with water under pressure while it 
passes through a cage of pipes on emerging 
from the oven. The coke then falls on to an 
inclined coke wharf where it “ steams off ” and 
cools and where any hot spots are quenched by 
water from a hose. 

Where dry cooling is practised, the red hot 
coke is delivered into a firebrick chamber 
through which inert gases (derived from the air 
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Introduced with the coke) are circulated in (serring also as a chimney to cany away the 
closed circuit through the coke and over the large volume of steam produced), where a pre- 
tubes of a boiler, by which means it is claimed determined quantity of cold water (generally 
that some 1,000 Ib of steam (from and at212'*F>) about 3 tons per ton of coke) is sprayed under 
may he raised per ton of coke. pceasufo on the coke. The surplus water is 

The practice of remote quenching is now allowed to dram away into a settling pond, 
coming into favour ; in this process, the coke is while the coke, after draining, is allowed to slide 
discharged into a car which is slowly moved iitim th« car on to the wharf where it steams off 
across the end of the oven, thus spreading and cools finally ; by this process uniformity 
the coke out as a thin layer. The car is rapidly of mo^turo content is secured, the final moisture 
pushed to the quenching station, usually a tower being maintained as low as 2%. 



(/tyrourtrivaf Woodall DveVam, ZJd 
Fia. 4.— TnB Bcckee Coke Ovrv. Siiowufo the Ceoss Oveb Flue. 


Recoveev of Bt-Pbodccts. — ^T hree general 
systems arc in operation, the Indirect, the Direct, 
and the Semi-Diiect. The first of these is 
similar to that employed in gasworks: tar and 
ammonia liquor arc condensed, while the last 
traces of tar are scrubbed from the gas in a 
tar extractor, after which the residue of Ihej 
ammonia is remo^cd by washing the gas witbi 


water. In this process all the ammonia is 
obtained in the form of an aqueous solution 
, which must bo further treated in order to 
' produco ammonium salts. 

In coke oven practice, direct and scml-direct 
recoseiy •} stems are more frequently employed j 
[they differ from the indirect process in that 
I the”^ ammonia w either directly recovered as 
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ftmmouam sulphate without 
the condensation of Lquor, 
or part of the ammonia is 
directly recoTered as sul- 
phate and part as an 
aqueous solution which must 
be distilled for recovery of 
the ammonia. 

Tht Odo Direct Recowry 
Procus.~Thia process, which 
is represented diagram- 
maticaUy in Figs. 6 and 7, 
consists in extracting aU the 
tar from the hot gas above 
its dew point, and then 
forcing the tar-frec gas, with- 
out any re-heating, through 
a saturator m the mam 
circuit containing dilute sul- 
phuric acidi under conditions 
such that the natural heat 
in the gas, aided by the ex- 
othermic interaction of the 
ammonia and sulphuric acid, 
keeps the volume of the ab- 
sorbing Lquor constant and 
the twparation of ammonium 
sulphate proceeds continu- 
ously. 

Such a method of “ direct 
recovery ” entirely dispenses 
with the (ISO of water coolers, 
ammonia scrubbers, Lme mixers, ammoniacal 
liquor BtiUs, and waste Lquor tanks, reduces the 
loss of ammonia to a minimum, economises 
space and labour, and avoids the making of 
deleterious effluents which were formerly a 
serioGS aource of trouble. 

The crude gas leaves the ovens by means of 
the usual ascension pipes and enters the hydraulic 
mam through which tar is continuously cir- 
culated, in orrler to remove any heavy fare or 
pitchy matter deposited therein. From this 
point tlio gss travels through a long honzontal 
o\erhcad “ air cooler," the real function of which 
IS to cool the hot gas to a temperature just a 
Lt tie at>o>e its dew-point, which vanes according 
to the amount of moisture which the gas carries 
over from the ovens The amount of rooting 
necessary therefore depends somewhat upon 
the nature of the coal, but chiefly upon its 
moisture content when charged into the 
ovens. 

R<co«ry of Taf ond Amtnoniatn CMbrtde.— 
After leaving the air cooler, the gas passes on to 
the “ tar extractor." B. It is here met by a 
Urge volume of hot tar and Lquor which U 
pumped into the apparatus and forced ** injector- 
wise *' through a narrow nozzle under high 
pressure, in such a manner that it is broken up 
into a fine spray. The crude gas is drawn 
into the apparatus by this '* injector ** action, 
and the sprayed tar and Lquor daah against the 
small tar vesicles confainM in the gas, Hus 
mechanical spraying of the gas, together with | 
the soUent action of the washing medinm. 
results in the complete removal of tar, including , 
tar fog, from the gas. which pas-vs out of the 
extractor in a perfectly clean condition. Also, 
It should be noted that if a “ sally *’ coal ia 



being carboniscil, so that the crude gas contains 
ammonium clilondc, the latter may be removed 
at the tar sprays as a fairly strong aqueous 
Bolotion. Indeed, " fixed ammonia " generally 
may bo removed at this point provided the 
temperature conditions ate such as will allow 
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of the condensation of a small amount of liquor 
in the apparatus. From this the importance of 
a perfect control of the temperature of the gas, 
both in entering and leaving the apparatus, "will 
be understood. The tar extracted from the 
gas overflows into the tar deposit tank, C, 
which also serves to recover any tars which 
separate in the long “ air cooler,” A, already 
referred to. 

Recovery of Ammonia . — The tar-free gas, 
which stiU contains the free ammonia, henzol, 
and nearly the whole of the naphthalene and 
water vapour, passes onward, at a temperature 
(say between 65° and 75°C.) so regulated 
as to be near to (but not below) its dew-point, 
into the large enclosed “ saturator,” D, contain- 
ing a hot saturated solution of ammonium 
sulphate plus an excess of sulphuric acid. In 
this apparatus, which is lead-lined and cased 
in a cast-iron framework, the gas is divided 
into a very large number of small streams, and, 
under the suction of an exhauster, K, applied at 
a point further along the system, it is drawn 
through the seal of the acid liquor, whereby aU 
the ammonia is removed, and precipitated as 
sulphate in the coned bottom of the saturator. 
The exothermic reaction serves to keep the 
temperature of the gas above the dew-point, 
so that no condensation of steam occurs in the 
saturator. The salt is mechanically and con- 
tinuously ejected from the apparatus by means 
of compressed air, together with a certain 
amount of solution, into the cone-shaped 
receiver, E. The ammonium sulphate crystals 
settle to the bottom of this receiver, while the 
hot mother liquor overflows from the top and 
finds its way back into the saturator. When 
this cone-shaped receiver is full of the crystal- 
lised sulphate it is passed into a centrifugal 
dryer, F. 

In this machine the sulphate is made 
thoroughly dry in about three minutes, the 
mother liquor thus extracted mixing with the 
above-mentioned mother liquor and with it 
flows back into the saturator, while the dried 
sulphate of ammonia is dropped through the 
bottom of the centrifugal machine, sufficiently 
dry to be immediately bagged and shipped 
or put into stock, as shown at G in the 
diagram. 

Recovery of Naphthalene . — ^The gas from the 
saturator, which is now free from both ammonia 
and tar, but still contains the benzol, moisture, 
and naphthalene, passes through a lead-lined 
catch pot (seen as an enlargement in the gas 
main, whose function is to prevent any acid 
spray being carried over from the saturator) 
and on to the naphthalene extractor and spray 
cooling tower, H. This tower is quite devoid of 
any filling, but at the top there are several jets 
through which cold water is sprayed at high 
pressure. The action of this mass of finely- 
divided cold water beating suddenly on to the 
hot gas produces a rapid chill, which, together 
with the concussion brought about by the 
water, precipitates and washes out practically 
all the naphthalene, which flows away along 
with the water into a catch tank below. The 
naphthalene is filtered oflt while the water can be 
either allowed to flow away or re-cooled and used 
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over again continuously, as circumstances 
permit. This tower also serves to cool the 
gases. It is necessary to extract the 
naphthalene, otherwise it would pass on to the 
benzol scrubbers, where it would be dissolved 


Fiq. 7. — Otto Direct Recovery Process. 
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by the wash oO, which would very soon become 
saturated with naphthalene and rendered useless 
for the purpose of collecting beruoL The 
naphthalene thus extracted is of a pale yellow 
colour, and is readdy sold at a price which 
more than pays the cost of running this part of 
the plant. 

Recowry o/ BtmoU . — The gas now being cool, 
but still containing the benxol, passes tbrough 
the exhauster, K, and a second water cooler, Ij, 
which takes out the last traces of na^thalene, 
and thence to the benzol scrubbers, ht&I, which 
vary in number according to the size of the 
plant. These scrub^ra are from about 50 ft. 
tr 70 ft. high, the lower portion farming a 


reservoir for the circulating benzol wash oil, 
and the remaining portion being filled with 
wooden grids. Benzol wash oil is constantly 
circulated downward over these grids, the gas 
having to pass upward through thorn. By t^s 
mcana the gas is brought into very intimate 
contact with the oil, with the resulting abeorp- 
tioa of the benzol. After leaving these scrubbers 
the gas passes either whoUy back to the ovens, 
or in the case of regenerative ovens, about 
one-h(df of it returns to the ovens, and the 
other half is used either for firing boilers, 
town lighting, operating gas engines, or other 
I purpose. 

According to E. Bury (Trans. Inst. Mm. Eng. 



1911, p. 537), the following temperatures were 
observed in a plant at New Brancepeth Colheiy 
(Co. Durham) : 

• 0 . 

Hydraulic main . . . 225 

Before tar extraction . 88 
After tax extraction . . 68 

In saturator .... 67 

After saturator ... 68 

After exhauster . . . M 

Distillation and Rtetification oj Benrols.— The 
“ wash oD ” containing the benzols In solution 
is sent to the continuous crude benzol still, 
N (Fig. 7), where, after being pre-heated by the 
hot vapours coming away from Jhp stM^ it 


passes downward over a series of trays. Dry 
steam at about 100 lb. pressure, reduced, 
however, at the still to lO lb. pressure, is 
delivered into the bottom of the apparatus, and 
passing upwards bubbles tbrough the wash oil, 
Lbcrating the benzol hydrocarbons which it 
camca over into the condenser, P. Hero the 
steam and benzols aro condensed, and the 
condensed water and oil separated. The crude 
benzol then either passes into a storage tank, or 
(if Its rectification is to bo earned out) into the 
“ pnmary rectifying still," S. The debenzoliscd 
** wash oil " leaving the crude benzol still is 
passed through the refngerator, K, whence, 
after being cooled to the otmosphcnc tempers. 
tor^ it is sent into the " oil storage tank," T, 
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and from there it is used again in the benzol 
scrubbers. 

The crude benzol is first of all fractionally 
distilled in the primary rectifying still, S, 3,000 
to 6,000 gallons capacity and intermittent 
in its ■working, in -which it is heated under 
reduced pressure by means of steam coils, and, 
■with the aid of a long dephlegmating column, 
it is separated into : 

(1) Crude 90% Benzol. 

(2) Crude 90% Toluol. 

(3) Crude 90% Xylol. 

(4) Crude 90% Solvent Naphtha. 

Bach of these fractions is separately condensed 
and pumped into a large vessel, V, termed the 
agitator, where it is successively treated with 
(a) pure strong sulphuiio acid, and (b) a solution 
of caustic soda, in order to remove all resinous, 
basic, or acidic substances. Each of the 


“ washed ” fractions is finally refractionated 
under reduced pressure in the “ secondary 
rectifying still,” W, and the re-distilled resulting 
fractions, after condensation, are sent forward 
into their respective storage tanks, XYZ, ready 
for transport. 

Other firms (e.g., the Simon-Carves, the Collin, 
and the Simplex Companies) have also adopted 
efiScient “ direct recovery ” processes, on much 
the same lines as the Otto process just described, 
the chief difference between them being in the 
precise mechanical arrangement for the removal 
of tar and tar fog from the hot gas before it 
enters the saturator where the ammonia is 
absorbed. 

The Koppers' Semi-Direct Recovery Process . — 
In this process (illustrated in Fig. 8), the 
hot gases from the ovens are first cooled approxi- 
mately to air-temperature in the primary coolers, 
A, where the tar and water vapours are con- 



ACIDULATlNG .. 

Fio. 9. — ^Diaobam of Plant foe the REFimNa of Benzol by Means of Silica Gel. 


densed. The gases are then drawn by the 
exhauster, C, through the tar-extractor, B, 
where the last traces of tar fog are mechanically 
removed. The tar-free gases are next heated 
to about 50° to 60°C.,in the re-heater D, by means 
of exhaust steam obtained from the engines 
used in the recovery plant, and are then brought 
into contact with sulphuric acid in the saturator, 
F, where the ammonia is removed as ammonium 
sulphate. 

The tar and ammonia liquor which are 
extracted in the primary cooler and tar extractor 
are collected and delivered into the decantation 
tank, 6, where separation takes place, the tar 
and liquor being separately run into the storage 
tanks H and J. The liquor is continuously 
pumped into the ammom'a stUl, K, where the 
free and fixed ammonia are driven off by steam 
and lime. The vapours from the still are 
returned into the gas-stream and pass with it 
into the saturator. 

After leaving the saturator, the gases pass 
through the acid-separator, L, where any acid 
spray carried forward from the saturator is 


removed, and thence are conducted by the main, 
M, to the benzol-recovery plant which operates 
on the same general lines as that already 
described. 

As an alternative to the oil-washing process, 
the recovery and refining of benzol by solid 
adsorbents (silica gel or activated carbon) has 
been developed. For the use of activated 
charcoal for this purpose, see end of article. 
E. C. Williams (Proc. Chem. Eng. Group, 
S.C.I. 1924, 6, [A], 95-114) discussed the 
principles of the recovery of benzol by silica 
gel and described an experimental plant 
designed by the Sfiica Gel Corporation. This 
process does not yet appear to be operating on 
the large scale, the main difficulty being the 
serious wastage of the gel ; silica gel, however, 
is employed in the refining of benzol, and this 
process is dealt with below. 

Benzol Refining by Silica Oel. — The silica gel 
process for benzol refining is primarily catalytic, 
polymerisation of the gum-forming impurities 
being iiutiated by acid treatment, the gums are 
then deposited on the surface of silica gel, where 
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they act as catalysts to polymerise the remain- 
iog unsaturated hydrocarbons. The crude' 
benzol is pumped through a tubular steam heater i 
{the “ acidulation heater" in Fig. 9, p 267) to' 
raise its temperature to about 40°C. Thence it ^ 
flows through t« o Venturi meters ; while passing 
the first, 0 1 % of concentrated sulphuric acid is ' 
added to diy the benzol, and at the second 
meter, 0 2% to initiate polymerisation. After 
passing through two settling tanhs where .. 
small amount of sludge is drapTi off, the acidu- 
lated benzol passes through a coke filter, and 
then pumped t-ia a heat exchanger, where it _ 
heated by hot benzol from the silica gel perco- 
lator, and is afterwards filtered while hot 
through the " hot coke filter.” After being 
heated to about 150°G. (under pressure sufficient 
to maintain it in liquid phase), the benzol passes 
upwards through the conical siLca gel perco- 
lator where polymerisation and removal of 
gumming constituents arc completed, it passes 
through the heat exchanger counter-current to 
the benzol from the circulating pump, through 
a cooler, and flow meter, and finally, after treat 
ment with cauatie soda to remove acidity, to 
storage. After the silica gel percolator has 
been used to treat 1,600 times its own weight 
of benzol, it is removed for re activation, 
and replaced by a freshly re activated 
charge. 

In dealing with the subject of by-product 
recovery, mention should be made of the 
fact that the rapid development of the synthetic 
ammonia industry has led to a fall m the 
price of ammonium sulphate which has rendered 
ammonia recovery from coke oven gas ao much 
lesa profitable than formerly that in some cases 
it has been abandoned. In Table 1 the pro- 
duction of ammonium sulphate and ammonia, 
liquor at coke oven plants in the United 
Kingdom in 1024 and 1930 are compared. i 
The quality of ammonium smphato now 
marketed is higher than that before the War, | 
the salt being neutralised and dried before being 

£ laced in storage. The specification of tbe| 
ritish Sulphate of Ammonia Federation de- 
mands that the salt should fulfil the following | 
requirements : Nitrogen content to be not less i 
thm 2ft 60%', Cow. awiit.y 
H 1 SO 4 ) not greater than 0 025% ; andmoisluie 
not over 0 20% (±0 05%). 

Tahle I. — PnoDccTios or Auuokioh Suv- 
riiATE AKP Ahmowia Liquor at Coes 
OVES pLASTS IS THE USITED KlSOPOM. 



Coke oveu gu. 
ttixture of 8 
\orliihlrc and 
Deibyshtre 
coals carbon- 
ised in Becker 
ovens 

Vertical retort 
cas Jilltchell 
Stain easnuts 
carbonised In 
Olovcr-ttesC 
vertical retort*. 

Percentage 

CO, . 

22 

08 

CO 

C 8 

74 

CbH„ 

30 

2 2 

CH, 

28 2 

29 05 

H* 

52 6 

62 0 

Ot 

08 

06 

N. . 

C4 

7 05 

Calorific value 

(BTh.U.)percu 
ft.fgrossct 15'C ) 
and 760 mm. 

653 4 

654 0 


1 

1S2». ' 

1930. 

Total coal carbonised in by- 
product overis, million 
tons 

17 23 

16 51 

Ammonium sulphate pro- 
duced, tons .... 

166,200 

173.100 

Sulphate produced pet ton 
of coal, lb 

24 2 

235 

Ammonia liquor produced, 
tons 

12,700 

5.800 


Ttas UroiSATroN or Coke-Oves Gas. 

{Die similarity in composition of the gas 
obtained from a given coal when carbomsed at 
high temperatures either in a coke-oven of the 
type already desenbed or in a vertical gas-retort 
(as illustrated in Table 11} is such that the fields 
of utihty of coal- and coke oven gases are likely 
to be the same. 

Table II. — CoMT03nioi,3 or Coke-Oveh am* 
Vebtical-Rbtori Gases before Bebzoi, 
Recovery. 


Dehcnzoltstd Gas — The amount of benzol 
vapours included among the unsaturated 
hydrocarbons, CnHn, m the above table would 
be approximately 1% in each case, and tho 
effect of removing tbem would bo to reduce tho 
calorific value of the gas by from 6 to 10%. 
The average percentage composition of tlio 
“ debenzohsed ’’ gas from typicol Durham and 
South Yorkshire coking coals is somewhat as 
follows : 

Catotldc values 
(Ulhll) 

t per cu rt at 

O O 

u u u u z z 700 mm 
Durham 250520 25 0 55 005 { 425 5 nH** 
S. Yorks 2 4 5 0 2 0 26 4 54 0 01 

Amount 0 / Suiylus Cos. — ^Taking the country 
as a whole, and assuming that the whole of the 
17*4 million tons of coal carbonised in 1935 for 
metallurgical coke was dealt with in regenera- 
tive ovens, the net colorific value represented by 
the surplus gas (at 5,500 cu. ft per ton) available 
for outside purposes might nave been about 
47,300 therms per hour, day and night, or 
sufficient to generate about 490.000 BH.l’. 
continuously m internal combustion engines. 

The most effective utilisation of such a huge 
surplus of energy is a msttcr of the highest 
importsnre to tho nation, and there is no 
doubt that a good deal of tho eoke-oien gas 
available from existing plants is not being used 
to the best advantage. 

Table III, taken from the reports of the 
Secretary of Mines, shows the make of coke- 
oven gas and bow it was actually uscil during 
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the period 1932 to 1935. In 1935 the average 
gas production was 10,870 cu. ft. per ton of 
coal, of which 59-5% was used for heating the 
ovens, while a further 23-5% was used for other 
purposes by the oven owners, for steam raising 


or on steel works where the ovens and steel 
works were under common management. About 
11% was sold to gas companies and 3-5% to 
other undertakings, leaving a balance of about 
2f% unaccounted for. 


Table III.^ — By-Psodtjct Coke-Oven Gas Pkodtjction and Disposal. 


Year. 

1932. 

1933. 

1934. 

1935. 

Cu. ft. per 
ton of coal, 
1935, 


Million cu. ffc. 


Total produced 

124,230 

137,492 

177,070 

185,558 

10,870 

Used by Oven Owners. 

For heating ovens 

For other purposes 

1 89,092 1 

81,269 

31,790 

106,519 

40,146 

110,236 

43,731 

6,460 

2,560 

Sold to 

Gas undertakings 

Other undertakings 

15,480 

15,994 

15,941 

6,240 

18,052 

8,276 

20,474 

6,327 

1,200 

370 

Balance 

3,732 

2,251 

4,078 

4,791 

280 


In normal times by far the greater part of the , 
coke manufactured outside gasworks is for j 
metallurgical purposes, and chiefly for iron- 
smelting. In cases where blast furnaces are 
attached to steel-works, the utmost fuel 
economy may be achieved by concentrating 
coke ovens, blast furnaces, steel-furnaces, and 
rolling mills as a self-contained plant on one site 
so that combined surpluses of coke-oven and 
blast-furnace gases may be utilised, thus making 
it possible to produce finished steel sections from 
the ore with no more fuel than the coal necessary 
to furnish the coke required in the blast furnace. 
In such cases there is usually no surplus coke- 
oven gas available for outside purposes except 
at week-ends, when the steel-works and rolling 
mills are shut down. 

Such considerations do not, however, apply 
to independent blast furnace plants producing 
foundry iron {e.g. in the hlidlands) or to high- 
grade steel-works {e.g. the Sheflield area) un- 
attached to blast furnaces. In such areas the 
coke-oven plants are usually situated at the 
collieries, and large surpluses of gas are avail- 
able for outside purposes. Thus it has been 
estimated that in 1928 within the area com- 
prising South and West Yorkshire, Lancashire, 
Derbyshire, Cheshire, Notts, Lincolnshire, 
Staffordshire, Leicester and Warwickshire, there 
were available for “ outside ” purposes about 
10,000 million cu. ft. of coke-oven gas of an 
average calorific value 500 B.Th.U. per cu. ft., 
of which about 4,200 million cu. ft. were sold 
to gas undertakings, and another 2,150 million 
cu. ft. to other undertakings. Moreover, with 
new coking plants then contemplated, it was 
considered that the total available surplus gas 
within the area might soon amount to as much 
as about 22,500 million cu. ft. per annum. 
Such a prospect, being subject to fluctuations 
in the activity of the iron and steel industry, 
is therefore to some extent doubtful, which is 
a serious drawback from the point of view of 


public distribution to undertakings outside iron 
and steel works. 

Considerable developments have recently 
taken place in European countries, and par- 
ticularly Germany, in regard to the pooh’ng and 
distribution over large areas of such surplus 
coke-oven gas ; and the question arises whether 
or not some such schemes would be equally 
practicable in certain areas of Great Britain, 
seeing that nowadays there would be no 
technical difiSculties to overcome. Thus, for 
example, at the end of 1929 in Germany the 
Ruhr Gas A.-G. (established in 1926) owned 
286 miles of welded steel mains, with a further 
330 miles under construction or contemplated, 
and in 1930 distributed some 21,000 million 
cu. ft. of coke-oven gas ; moreover, in 1929, 
about one-third of the total gas consumed (i.e. 
from gasworks and coke ovens) in Germany was 
derived from the Ruhr coke ovens. The gas is 
guaranteed free from tar and H 2 S, the maximum 
permissible content of NHj being fixed at 
0-87 g. and of naphthalene at 4-37 g. per 
100 cu. ft. The price delivered to gas com- 
panies is usually based on a sliding scale accord- 
ing to the price of coal {e.g. to Hanover at the 
equivalent of ll-6d. per 1,000 cu. ft. up to 
1,765 million cu. ft. per annum, and at 10'6d. 
per 1,000 cu. ft. for consumption exceeding 
2,472 million cu. ft. per annum, when the 
price of coking coal is equivalent to 18s. Od. per 
ton), but to industrial establishments the price 
is equivalent to lOd. per 1,000 cu. ft. , 

In 1930 a Departmental Committee of the 
Board of Trade was appointed to inquire into 
( the technical and economic aspects of an area 
gas supply comprising the afore-mentioned 
counties in England, and, after hearing much 
evidence, reported that while circumstances 
would not warrant the construction of elaborate 
and expensive systems of trunk mains over the 
whole area, and are not yet favourable for such 
network either in Lancashire or West York- 
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sliire, the iron and steel industry aronod 
ShefEeld and Rotherham offers a good market 
for all the sarplna coke-oren gas likely to be 
available m the near future if it could be euppbed 
at an average pnce of 2d per therm (»=8ay lOi. 
per 1,000 cu. ft.). Aceordinglv they recom- 
mended the adoption of a scheme for auch 
restricted area embodying the foIloniDg con- 
ditions (inter aha); (i) To collect gas from 
19 coke oven plants and to take a maximum 
volume of 80 million cu. ft of gas per day, the 
flow of gas to be uniform throughout the 
24 hours of the day , (u) the gas to be purified 
at the coke ovens before delivery into tho net- 
work ; (ill) the compressor plants to be in- 
stalled at the coke ovens and their cost and the 
cost of operation to be met by the coke-oven 
owners, such costs being covered by them in their j 
price of gas ; (iv) the pressures to bo used to 
vary from 2 7 Ib to 8 2 lb per sq m , when the 
mams are carrying up to 40 million cu ft. per 
day, and from 4 9 lb to 22 lb , when they are 
carrymg up to 80 million cu. ft. per day; 
(v) the length of the mams to be approximately 
73} miles, and to be of steel of m^mm weight 
varying from 6 in. to 30 in in diameter with 
hessian cloth and with bitumen coaling, and 
laid in roads, receiving 3 ft. cover, at ao 
estimated capital cost of approximately 
£637,000, (vi) the cost of distribution (ex- 
cluding compression) to vary from 1 33d. per 
1,000 cu ft. (0 25d. per therm) with a volume 
of 40 million cu. ft. per day to Ofifid. per 
1,000 cu. ft (0 13d. per therm) with a volume 
of 60 million cu ft per day 

It was further considered that the con- 
ditions of gas supply in Germany (where town’s 
gasworks production is leas than half that id 
Great Bntam, and the consumption per bead of 
population about 1,800 cu. ft. per annum as 
compared with over 6,000 cu. ft. in Great 
Britain) “ are so dissimilar to those id this 
country that it does not follow that long- 
distance transmission of gas can be introduce 
into Great Bntam on the German model.” 

Among other directions in which the surplus 
gases can be utilised to good advantage may be 
mentioned : 

For Sleam Fatting end Potetr Purpettt.— 
'By'burmng the gases m foetu'bes o1 aDonerourt , 
Boiler, ontheprmcipleof” surface combustion,’' 
it is possible to transform 92% of the ntt beat 
of combustion into the energy of steam which 
con be either (a) converted into mechanical 
power by means of a steam turbine, or (6) used 
for evaporative purposes in connection with 
chemical operations. Or, power may be 
generated from the gases by means of large 
internal combustion engines, with a thermal 
eflScieney of, say, from 20 to 25% (le. from| 
net calorific value of the gas to B.II.P. at the 
engine). And by suitable combinationa of I 
either (e) boilers, turbines, and dynamos, orj 
(d) gaa engines and dynamos, electrical energy 
can bo generated at a very low cost. 3Iany 
collieries now generate from their surplus coke- 
oven gases (or waste heat) sufficient power to 
meet all tho requirementa of the mine. Otbeiv, 
again, aelj their surplus gaa (or waste heat) 
to a power company, wluch converts It into I 


declric energy which is distributed for puhLc 
consumption over a wide area, as in the North- 
East Coast Power Scheme. 

If no power company, or group of power users, 
is at hand to purchase the surplus gas (or waste 
heat). It might with great advantage bo utilised 
m an adjacent chemical factory. For there is no 
reason why the crude tars, benzols, and naphths- 
lene produced on the coking plant should not 
be refined and transformed into other more 
valuable products in a chemical factory on the 
spot, the heat and power for which would be 
wholly derived from the surplus gases. Or, 
altematively, any chemical operations requiring 
cheap eiectnc current might very well be carried 
out m factories erected in close proximity to 
by-product coking plants. 

At a FaiB ilalertal in the Chemical Industry.~ 
Coke oven gas is an important source of the 
hydrogen used in the synthetic ammonia 
tndostiy. Thus Pollitt* stated that 16 8% of 
the total amount of hydrogen used throughout 
the world for ammonia synthesis in 1930-31 
was derived from coke oven gaa. According to 
PaUemaerta,* the relative coats of preparing 
hydrogen at a pioneer installation for tho manu. 
facturo of synthetic ammorua at Oatend, were . 

(i) From water-gas (from coke at 10 6i. per 
ton) 8 Id. per l.CHXl cu. ft . and (u) from coke- 
oven gas (at 6 45i per 1,000 cu R ) 0 27d. per 
1,000 cu R. 

The residual gas, after removal of hvdrogen, 
baa a calorific value some 25% higher than that 
of the coke-oven gas, and could be delivered 
into the mains for industrial purposes. On the 
other hand, during the preparation of hvdrogen 
from the gaa, three fractions arc obtained, 
(i) a fraction containing about 18% of carbon 
monoxide and 73% of nitrogen, which ia used 
on the Continent for the sTOtheais of methanol, 
(u) a fraction containing about 7C% of methane, 
and having a calorific value of about 816 
B.Th U. per cu. ft., which would bo suitable 
as a raw material for syntbetio reactions, and 
(ill) a fraction containing approximately equal 
parts of ethylene, ethane, and methane, together 
with a little propylene and carbon monoxide, 
which IS used at Bitbuno for production of ethyl 
and propyl alcohols 

htUralure — "Tr. A. Bono and D. IVinius, 
*’ Coal, Its Constitution and Uses," C^ap. XXII, 
1939 ; and J. Roberts and A. Jenkner, " Inter- 
nationa] Coal Carboiusation,” 1034. 

W. A. B. and G. W. II. 


This process for the recovery of benzol from 
coal gaa ta described in detail on account of its 
importance in connection with motor fuel 
production. In this country some 33 million 
tons of coal are carbonised annually by the gaa 
and coke-oven industnea, and ui 1034 the 
annual total production of refined benzol 
from all aourcea had reached just over 32 million 
gallons. This production could be more than 

World Power Conference, Perlin (1030) 

Secocul Internationa] Cooferenee on Pitumloooi 
Goal, FltUbumh (1038). 



271 


COKE MANUFACTURE AND THE RECOVERY OF BY-PRODUCTS. 


doubled if all the coal gas made were submitted 
to treatment. In the carbonisation of 1 ton of 
coal about 3 gallons of benzol are formed. 
Part of the benzol is found m the tar, hut the 
bulk of it accompanies the gas in which it is 
present at a partial pressure of 7 to 8 mm. 


Formerly the recovery of this benzol was im- 
practicable, but the adoption of by-product 
coke-ovens and the substitution of heating for 
illuminating standards in the gas industry have 
rendered possible the practice of extraction 
processes on a large scale. Prior to 1929 the 



only commercial method in this country was 
that of absorption hy heavy oil, which is stdl 
most widely used. The active charcoal process 
was originated by the Bayer Company (G.P. 
310092, 1916 ; B.P. 166543, 1916 ; A. Engel- 
hardt, Gas-u. Wasserfach, 1921, 64, 205 ; 1922, 
65, 473) and is fairly well known on the Con- 
tinent. A disahihty of the process as first 
introduced was the short workmg life of the 


technical advantages over the oil process, and is 
likely to be more widely adopted m the future. 

Descriptiok of the Pbocess. — Chemically 
activated charcoal of high volume activity and 
low retentivity is used in the form of short rods 
or pellets 4 to 6 mm. in diameter. The gas to be 


adsorbent, but this difficulty has now been 
largely overcome (H. HoUmgs, S. Pexton and 
R. Chaphn, Trans. Inst. Chem. Eng. 1929, 7, 
102 ; Gas J. 1929, 188, 715). In 1929 the first 
commercial unit was installed by the Gas, 
Light & Coke Company at Harrow, and a few 
years later a large plant was erected at Beokton 
(H. Holhngs and S. Hay, J.S.C.I. 1934, 53, 
143), The active charcoal process has certain 


treated must be free from tar fog, hydrogen 
sulphide and naphthalene, and the charcoal 
plant is accordingly placed at a point in the 
stream where the gas is in this state. The 
process is shown diagrammatically in Fig. 1. 
Gas passes upward through adsorber Al, 


ADSORBER 


HOURS 



Fia. 2. 


JSeproduced by the courtesy of the J.S C.I, 
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containing active charcoal, which retains and cools the charcoal rapidly. After a short 
benzol and certain other constituents of the time cooling water is again circulated through 
gas (e.g. unsaturated hydrocarbons and carbon the coils and adsorption carried to completion, 
disulphide), cold water being circulated through The cycle of operations is thus reported. The 
the coils at the same time. When the charcoal size and number of adsorbers required are 
in A1 is saturated the gas is diverted to adsorber determined by the volume of gas to be treated in 
A2, while A1 is regenerated. For this purpose unit time, but not less than two adsorbers can 
the cooling water is shut off and steam is passed be used if the adsorption process is to be 
through the coils in order to heat the charcoal, continuous {see time schedule. Fig. 2 on p. 271). 
At the same time direct steam is passed down- The Beckton Plant. — This installation 
wards through the charcoal bed to remove the deals with gas from horizontal retorts and coke 
adsorbed benzol. The mixture of steam and ovens and has a potential output of 20,000 
benzol vapour leaving the adsorber passes to the gallons of benzol per day, recovering 2-9 gallons 
condenser C, and the condensed liquids are from 10,000 cu. ft. of gas with an efBciency of 
separated in the gravity separator S, from which 92-95%. The layout of the plant is shown 
the benzol flows through the meter M to storage in Fig. 3. It is arranged in two halves which 
tanks, while the water runs to waste. When can be operated as a single unit or independently, 
steaming is completed gas is again admitted to Each half has its individual gas inlet main and 
the hot adsorber which removes excess moisture contains four adsorbers. The adsorbers (Fig. 4) 



_ {Reproducei by the courtesy of the J.S.C.I, 

Fig. 4. 


are ey^drical vessels, 9 ft. in diameter and provided for assembling and dismantling parts 
27 ft. in length, and hold 7 tons (700 cu. ft.) of the plant. Each half of the plant is provided 
of active charcoal, which is supported on with a steam regenerator, a set of tubular 
hinged grids. The charcoal is packed about condensers, a set of preliminary separators, a 
pipe cofls used for heating and cooling. The final separator, and a benzol meter. The 
charcoal is charged into the adsorbers from stripped gas is cooled by direct contact with 
closed containers which are run into position on water in three gas coolers which condense the 
overhead trucks. For discharging the charcoal water removed from the hot charcoal after 
the gnds are lowered at the centre by means of steaming. Cooling water for all purposes is 
special gwr and the spent material received supplied by electric pumps, but the water cir- 
mto sin^ar contamers placed underneath, culated through the adsorber coils is contained 
^mmumcation between the two levels is effected in a closed system charged \vith de-aerated, 
hy a hydraulic lift. Overhead cranes are condensed steam to minimise corrosion 
VoL. III.— 18 
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Operatton op Plakt.— There ia cooaidenUe either in reserve or being recharged. G&s Jg 
latitude in the rate of passing gas which may passed until the benzol “ breakpoint ’* ^ 
vary from 300,000 to one rnilhon cu ft. per reached as indicated by flat flame burners fed 
hour per adsorber. The number of adsorbers at frota the outlet stream. The stripped gas at 
work IS governed by the amount of gas being first bums with a practically non-Iuminous 
made and hy the age, » s. activity, of the flaoje. but as httle as 0 04 gallon of benzol 
charcoal in Use. At full capacity five are under per 10.000 cu. ft. of filtered gas shows u a 
gas, two under steam, and the remaining one luminous fringe in the flame. In steaming, the 



\Titpt(idyitid\tv lilt tev-fUrj oJOit ] -S C I, 


direct and indirect steam supplies are turned on cycle cooling water is not used for the first 
simultaneously, ^eadsorb^ffosesfirstevolved ^ minutes, so that the charcoal may bo 
contain bentol and are relumed to the inlet tui^cieuUy dried by the rich gas. 
stream. After 6 or 6 minutes, at a temperalure Srzau REQCiBEMEirra — Direct ateam is iised 

of 80*C., benzol commences to be evolved, at % to 3 lb. pressure and is made up partly of 
Steaming is continued 30 to 40 minutes, accord- steam from high pressure mains and partly of 
ing to the age of the charcoal, which is finally steam produced in the steam regenerator (Fig. C). 
raised to a temperature of 125''C., and eont^ Cheap eihausl steam may replace a considerable 
15% moisture. In the subsequent adsorption pan of the high pressure steam when two 
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adsorbers are steamed simultaneously, as the 
table shows. Indirect or coil steam is taken 
from high pressure mains after reduction to 
80 lb. pressure, and de-superheating. Require- 
ments and distribution of process steam are 
shown in the following table. 


1 

Steaming 

one 

adsorber. 

Steaming 
two adsorb*- 
crs at once. 

Indirect, to coils . 

lb. 

1,000 

lb. 

2,000 

Direct steam : 

(o) High pressure 

steam .... 

6,000 

6,000 

(6) Regenerator steam 

4,500 

5,000 

(c) Exhaust steam . 

— 

10,000 


11,500 

23,000 


About 6% only of the total heat requirements 
of the process are accounted for by the latent and 
sensible heats of the benzol. The rest is used in 
raising the temperature of the adsorber and 
contents. The average overall steam consump- 
tion is about 34 lb. per gallon of benzol. 

The Steam Regenerators. — These are an 
important feature of the plant and supply 32% 
of the heat contained in the distillate leaving 
the adsorbers. A regenerator is shown diagram- 
matically in Fig. 6. Distillation vapours 
from the adsorbers pass between a nest of 
tubes between two header plates before entering 
the condensers. A De Laval steam ejector in 
communication with the top of the chamber 
produces a partial vacuum and lowers the 
boiling-point of the water in the tubes so that 
heat is transferred from the vapours to the 
steam produced which is entrained by the 
high pressure steam in the ejector. The feed 
water consists of condensate from the adsorber 
coils augmented by softened water from outside 
sources and is maintained at constant level by a 
float valve. The two regenerators supply 
between them 4,500 lb. of steam per cycle. 

Practical Aspects of the Process. — ^T he 
adsorptive capacity of the charcoal varies but 
slightly with changes in benzol concentration 
in the gas, e.g. an increase from 2-13 to 2-85 
gallons per 10,000 cu. ft. only increases the 
capacity from 32 to 33% by weight of adsorbent. 
Since the “ slip ” of benzol is imaltered the 
recovery efBciency is also increased. The 
adsorptive capacity is considerably lowered 
by the presence of moisture in the charcoal or 
in the gas. It is therefore an advantage to have 
the gas as dry as possible. 

The efBciency of recovery of benzol increases 
by about 1-2% per degree C. fall in temperature ; 
hence one reason for cooBng the charcoal during 
adsorption. The heat of adsorption of benzol 
(340 B.Th.U. per lb.) is suflicient to raise the 
charcoal temperature to 140°C., but this is 
dissipated at such a rate by the coil water, 
effluent gas, etc., that the adsorption tempera- 
ture remains in the region of 20°C. The most 
effective cooling is provided by evaporation of 
residual moisture in the adsorbent which lowers 


the temperature from 120°C. to 60°C. in 20 
minutes, and is of great importance in prolonging 
the working life of the adsorbent. 

The last traces of benzol are diflScult to 
remove from the charcoal and practically 
desorption is at an end when the ratio of direct 
steam to recovered benzol is 10 : 1, i.e. after 
about 20 minutes. At this point, however, the 
charcoal temperature is too low for efficient 
drying, so that steaming is continued for a 
further 10 to 20 minutes (the newer, i.e. the 
more active, the adsorbent, the greater is the 
amount of steam required). 

Depreciation of the Adsorbent. — Hydro- 
carbons of high molecular weight and certain 
unsaturated hydrocarbons adsorbed from the 
gas are preferentially retained by tbe charcoal 
after steaming. These accumulate in the 
charcoal and gradually impair its activity 
towards benzol. The unsaturated hydrocarbons 
are particularly troublesome in this respect 
because when the charcoal is heated they 
polymerise into gummy substances for which 
the adsorbent has a high capacity, and which 
can only be removed by oxidation at high 
temperatures. The rapid deterioration of the 
adsorbent proved to be a serious disability of the 
active charcoal process which was at first 
uneconomic through this cause (H. Hollings, 
S. Pexton and R. Chaplin, l.c.). Operative 
procedure has now been so much improved 
that the adsorbent can be used from 
1,500 to 1,900 times, and made to recover 
about 175 times its own weight of benzol 
before needing replacement. The following 
practices are mainly responsible for this im- 
provement : 

(i) the passage of steam countercurrent to 

gas; 

(ii) the simultaneous use of direct and 

indirect steam at high rate, which limits 
the heating period ; 

(iii) the adjustment of a critical moisture 
content in the charcoal after steaming so 
that it cools rapidly in contact with rich 
gas. 

In this connection the employment of charcoal 
of low retentivity, i.e. of low capacity under the 
desorption conditions of the process, is obviously 
important. 

Spent charcoal contains about 33% of fouling 
material, but may contain as much as 45%. 
A more or less complete regeneration may be 
brought about by the action of air or of steam 
with air at 500-600°C. (B.P. 313154 and 
338500, 1929). In these processes the fouling 
matter is carbonised and burnt away but a 
certain loss of adsorbent is inevitable. A 
recent process based on hydrogenation of the 
fouling material under pressure, and which 
entails no loss of adsorbent, is described under 
B.P. 374597, 1932. 

Sulphur Removal. — In adsorbing benzol 
active charcoal also removes sulphur compounds 
from the gas. Practically all the carbon 
disulphide and thiophen are removed in the 
early stages, but as the benzol breakpoint is 
approached some carbon disulphide and 
other volatile sulphur compounds are dis- 
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placed into the filtered gas. Fjg. 6 shows in a 
typical manner the ranation of total eniphar 
content of the outlet gas from a 1-ton adaothet 
up to the benzol breakpoint. At this point the 
attragt sulphur content of the filtered gas 
corresponds with a purification effieieney of 


' 75-80%, which compares favourably with 
processes specifically devised for sulphur 
itetnoval. Higher purification efficiencies could 
I be obtamed by reducing the ratio of gas to 
lebsrcosl, but such nduction would lower the 
benzol output of the plant and mcreaso the 



consumption of steam per unit of benzol 
recovered. 

Points in favour of the active charcoal process 
are; 

(1) high recovery efficiency ; 

(u) low steam, water, and power consump- 
tion; 

{ni) purification of the gas from sulphur. 

From the economic point of view there seems 
little to choose between the active charcoal and 
oil processes (e. Adsorption, Vol. I. p. I50a) 

R.C. 

C O L A M I N E r. Chouse. 

COLCHICEINEp. Coidncuu. 

COLCHICINE r. CoLcraccji. 

COLCHICINIC ACID r. Colciuci'm. 

COLCHICUM and COLCHICINE. Cct- 
chicum autumnole Linn. (Fam . LiliaceK), Meadow 
saffron (Fr. ColcMque, Ger. Uerbttiettlote); the 
plant is found in meadows and pastures through- 
out Europe, where its crocus like flowers, usually 
of a lilac hue, occur in September and October. 

The Brussels conference agreed that the eecds 
only should be used; in the ’‘British Phannaco- 
pccia.*' 1032, (be see^ and cormsareofiicial; in. 
the “ United States Pharniacop«ia,” 1930, the I 
seeds and the alkaloid colchicine are official. | 
The alkaloidal content of the plant vane* greatly, j 
mostly from 0-2 to 0*8% m the seeds (“ Bntish 
Pharraacopoeia 1932, not less than 03%; 

United fetates Pharmacopeeia,” 1938. not less 
than 0 45%). from 0-1 to 0-5 in the conns 
(“British Pharmacopoeia,” 1932, not less than 
0-25%). Colchicine occur* to a slight extent 
also in the flowers. 

Colchicine is present in other species of the 
same genus and also in the large tuber* of 


OMota tvptrio (Fam. Lihaces) common in 
India and Ceylon (0 3% of " glonosino,” 
Clewer, Green and 'Ditin. J C.8, IQIS, 107, 
839). Xiein and PoUauf (A. 1932, 778) found 
col^idne in coniidenble quantities in tho 
following Lihaceo ; Sutl/O^ium, Tojitldia, 
r<ra<rvDi anfherscum, Jltmtroeallii, OrnUko- 
ffalum, TvUpai t/. also Albo (J.C.8. 1901, 80. 
II. 679). Fourment and Roques (Amer. Chem. 
Atotr. 1937, 21, 2166) isolated colchicine from 
Jltrtndtra Bulboeodium (Fam. Liliaceae) 

EHraclion oj Colckicint. — The alkaloid occurs 
as free base in the plants ; all preparations of 
colchicine are based on its removal from acid 
or neutral solution by CHClj. Chemnitius(J.pr. 
Chem. 1928, [ii]. IIB, 20) proceeds as follows : 
Ground se^ are exhausted with hot 80% 
EtOH and tho solvent evaporated. Eat and 
resins aro removed by addition of molten 
paraffin wax to the still warm concentfated 
solution, which when solidified can be removed 
tnechanically. Water is added to precipitate 
further amounts of tarry matcnal. From the 
aqueous solution tho base is then shaken into 
CHCI,, this solvent evaporated and last traces 
removed by duUllation with absolute EtOH. 
The chloroform. free alcoholic solution is filtered 
and the alkaloid precipitated with four times its 
volume of Et|0, when a shghtly yellow semi- 
crystalline powder melting between 135* and 
145* is obtained. The salicylate f» then usually 
piwarcd. 

For accurate assay of the seeds, see ” British 
Pbarmacopceia,” 1032, p. 131 ; and “United 
States Phannacopceia,” 1036, p. 127. Further 
references, see Self and Corfield (B. 1932, 1135), 
Hooper and King (Pbarm. J. 1023, 111, 161), 
Grier (thid. 87). 




COLCHICUM AND COLCHICINE. 


277 


For microchemical identification of colchicine 
with platinirhodanide, see Edein and PoUauf {he. 
1931), colour reactions of colchicine, see Ekkert 
(A. 1926, 533 ; ibid. 1929, 86), estimation of 
colchicine with phosphotungstic acid, see Davies 
(Amer. Chem. Abstr. 1921, 15, 3894). 

Colchicine (I), CajHjsOgN, [a]"° -120-6° 
(in CHClj) and —429° (in HjO), m.p- 
155-157°, soft pale yellow needles from 
CHj-COjEt (Clewer, Green and Tutin, l.c. 
1915). The alkaloid is usually seen as a yellow 
anhydrous varnish, m.p. 142°-147° ; Zeisel first 
crystallised it from CHClj with two molecules 
of CHCI3 of crystallisation ; according to 
Merck (Pharm. Zentr. 1916, 57, 619) there are 
two such compounds, B-CHClj and Bj-CHClj. 
The crystalline colchicine is mostly the latter 
compound in which 14^16% CHCI3 is retained 
tenaciously, and is only given off slowly at 100°. 
According to Merck, pure (I), dissolved in 3 
parts of H,0, slowly crystallises as the hydrate 

B3-3H39. 

(I) dissolves slowly but abundantly in 
HjO, readily in dilute EtOH, CHCI3, and 
hot benzene, less readily in hot HjO (12%) or 
absolute EtOH, hardly at all in EtjO. 

Being an acid amide, (I) is a very feeble base 
and one of the few alkaloids which can be ex- 
tracted from acid solution by CHCI3. No salts 


are formed except an aurichloride, m.p. 209°. 
Dilute mineral acids and alkalis colour col- 
chicine solutions intense yellow. HNO3 
(d 1-4) colours the solid alkaloid a deep , violet, 
changing to yellow and finally to green (char- 
acteristic). Tannic acid, phosphomolybdic 
acid, potassium triiodide, and bismuth potassium 
iodide are the most sensitive precipitants. For 
dissociation of (I), see Kolthoff (Biochem. Z. 
1925, 162, 348) ; for absorption-spectrum of (I), 
see Purvis (J.C.S. 1927, 2715). 

Constituiion of Colchicine. — Early work on the 
constitution of (I) is due to Zeisel and co- 
workers (Monatsh. 1883, 4 , 162 ; 1886, 7 , 557 ; 
1888, 9 , 865 ; 1913, 34 , 1327, 1339), but only 
the brilliant research of Windaus and co-workers 
gave definite information (J.C.S. 1911, 100, 
I, 904 ; 1915, 108, I, 708 ; 1924, 126, I, 72 ; 
Annalen, 1924, 439 , 59 ; Ber. 1924, 57 , [B], 
1871, 1875). 

(1) contains a A-acetyl and four MeO -groups; 
if it is heated for a short time with 0-5% H C I or 
weak alkali, colchice’ine (II) is formed with loss 
of one MeO-group. Contrary to (I), which is 
a practically neutral substance, (II), 

C3iH330eN,JH30, 

has weakly acidic properties ; m.p. 139°, or 
anhydrous m.p. 172° ; it gives a green 


O O OH 
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coloration with ferric chloride characteristic for 
an enohc form of a fi.keto aldehyde (Leto 
hjdroxy.methylene grouping, tautomeric -with 
an 0 hydroTj-aldchyde). 

By mefhylation (II) la transformed back to 
colchicine and A’-methj! colchicine. By the 
action of hypoiodite the enohc aldehyde group 
in (II) 13 replaced by lodme, a transformation 
characteristic of o- and p hydroxy aldehydes, 
the resulting compound is called N acttyl‘ 
iodocolchtnol, CjaHjjOjNl (III). 

If (I) IS heated with 15% HCI the If acetyl 
group 13 removed as well as one MeO*group 
and (nmelA^lcolfiieinic aeid, (IV), 

results The latter compound yields aalis with 
alkalis and acids. By treating (IV) with hydro- 
iodic acid, the remaining three M eO groupa are 
removed and eo/eiieinie acid results. 

By oxidation of (1), (II), (HI), or pV) with 
permanganate 3 4.S trimethoxyphthahe (Crom 
ring 1) and succinic acids are obtained. By 
potash fusion and subsequent permanganate 
oxidation terephthalic and Inmelhlie (V) 
(l:2.4-bcnienetncarboiylic) acids are obtained, 
indicating the presence of a second six-membercd 
ring (ring 2) 

A’-acctyl lodocolchmol (jm a6ow) has a 
phenohe OH group ard can easily t* methyl 
ated. If this methyl ether is oxidised first with 
nitric acid and then with permanganate, rings 
1 and 2 are destroyed and lodo rnttAozy-pAlAa/it 
aetJ (VI) 18 isolated from the oxidation mixture 
This latter acid originates from the tiurd six- 
mcrobered ring present in (I). 

The mcthylcthcr of (III) (see ahoie) can be 
reduced (elimination of iodine) and hydrolysed 
(elimination of acetyl group) to coicbinol- 
methylethcr, Ci^HjjO.N; this compound 
is then submitted to a Ilofmann degradation, 
which eliminates N H, and generates m 
double bond in the central ring, forming 
2:3:4:fi- tetramethoxy -9 •methylphenanthrcne 
(VIII). This compound was further irons 
formed into 9 mcthylphcnanthrcnc, which was 
identical with a spithetic product. 

(I) IS the only known alkaloid which does not 
contain a hefcroeycho iS’-atora yet is highly 
poisonous This may be connected with (he fact 
tliat CoMieiim au/umnale belongs to tlie mono- 
cotyledons usually devoid of any alkoloidsl 
constitnents. 

For tctrahydrocolchicme.sce D.R.P. 279999, for 
octahydrocolchicinc, CtiHjjOfN, see Windsos 
(Annalen, 1024, 439, 74). (II) docs not occur 
naturally ; if obtained by extraction of col- 
cbicum, it is a secondary degradation product. 

Wystoievneai Action of Colchievm — Colchicura 
is employed in medicine chiefly as a remedy in 
gout and rheumatism, and colchicine itself, 
mostly as the salicylate, has been limilariy used 
The alkaloid is highly poisonous and not tooro 
than 3^ mg of crystalline (I) per diem should 
be given ; lethal dose for rabbits 4 mg,, for 
mice 3 mg , for dogs and cats 1 mg. jier kg. of 
bodyw eight. (I) is a slow poison winch only 
acts after an incubation period, very similsr to 
the one of bacterial toxms. Owing to its alow 
absorption (possibly by the gradual formation 
of an oxidation Jenvatnc) into the central 
nervous system, no symptoms aro shown for 


several hours after its administration. It first 
excites and then paralyses the nerve endings 
(1) causes acute intestmal pain with nausea and 
diarrlxea, and in mammals poisoned with (I) the 
alimentary canal shows all the symptoms of 
acute gaatro-enteritis. 

Cf. Winterstein, “ Die Alkaloide,” Berlin, 
19^, p. 147 ; and Henry, “Plant Alkoloids,” 
2nd ed., p. 391. 

Schl. 

COLCOTHAR (syn. Caput mortuum). The 
reddish-brown residue of fomo oxide formerly 
obtained in the manufacture of fuming oil of 
▼itnol from iron sulphate. 

COLEMAN ITE. A hydrated calcium borate, 
CatBfOij.SHjO, containing 50 9% boron tri- 
oxide. It is found m CsLfornia at Death Valley 
in Inyo Co., and m the Calico district in San 
Bernardino Co. ; and although not discovered 
untd 16S2 and 1683, is now of some importance 
as a material for the preparation of borax and 
boracic acid. Cavities in the massive, white 
material are lined with beautiful, water-dear 
crystals with a profusion of brilliant facets , 
these are monochnic, with a perfect, pearly 
cleavage parallel to the piano of symmetry. 
They are considerably harder (H. 4-4}) than 
borax , sp gr. 2 42. The mineral forms, to- 
gether with other borates and borosiUcatcs, a 
bed 7 to 10 ft. in thickness in sandstones and 
clw- 

Xhe compact minerals, pneeile from Oregon 
and poademtie from Asia hlmor, have very 
nearly tho same composition 

(CajB„0„.9Hj0), 

and they have been regarded as impure, massive 
vanetiea cf colemsrute. £. 6. Larsen (1017) 
has, however, by an examination of tho optical 
characters established the identity of priceite 
and pandermite, and proved them to bo trichnic 
and distmet from colcmanite. These also aro 
mined as borates. 

L. J. S 

COLLARGOL. Colloidal compound of al- 
bumen and silver, containing 70% or more Ag 

COLLIDINES. TrimethylpyTidincs arc so- 
called, eg. 1:3.5 and 1:3.4, 

COLLI N . A preparation made by heating an 
extract of hide powder or gelatine solution with 
caustic soda and neutralising with acetic acid. 
Used in tho analysis of tannin and tanning 
materials (Parker and Pay e, J.S C.I 1901, 23. 
C48; Wood and Trotman, ibid. 1071) 

COLLIRON. Colloidal iron, 10%. with a 
trace of copper, used for treatment of ansmias 
{Etnna Son*, Leseker, and Wtlb, LxitrpoiA) 

up.a 

COLLODION (Byn.(k)llodnira)p. Celluloid 
Flastics 

COLLODION COTTON v. Cellulose 
LACqULK-S. 

COLLOIDS. As by far tho greater part of 
matter, both organic and inorganic, with which 
man is normally familiar is in the colloid state, 
there is hardly a branch of science or tcchnoiogv 
where colloid concepts have not been apphim, 
and hence tho literature of tho subject w both 
voluminous and diverse. The development of 
colloid science still continues to bo veiy rapid. 
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and several journals are devoted to it alone, 
while papers on colloid science appear in all 
the general journals of pure and applied 
chemistry. 

Colloidal sols of gold, ferric hydroxide, etc., 
were known by the middle of the last century, 
and Faraday with characteristic perspicacity 
attributed the properties of a gold sol prepared 
by him to the metal being in an exceedingly 
fine state of subdivision. In 1861 Graham 
showed that substances which are normally 
easy to crystallise are characterised by a high 
rate of diffusion and by the power to pass 
through certain animal or vegetable membranes ; 
such substances, which included the common 
electrolytes as well as sugars, etc., he termed 
crystalloids. A further class of materials, in- 
cluding starch, soaps, many dyes, gums, pro- 
teins, etc., which are difiScult to obtain in a 
crystalline form, were found to be characterised 
by a low rate of diffusion and inability to pass 
through membranes ; these substances were 
termed colloids. This separation of colloids 
from crystalloids by dialysis, a process depending 
on the inabihty of the former to pass through 
parchment or collodion membranes, is still 
widely used. 

The term colloid is now employed in quite a 
diflferent sense from that in which Graham used 
it, and it is to be considered as referring not to a 
special class of chemical compounds (although 
proteins, many dyes, etc., normally form col- 
loids spontaneously) but to a state in which all 
compounds and elements are capable of existing. 
From OUT present standpoint eoUoids are treated 
as special examples of two-component systems 
in which one substance (the disperse phase) is 
distributed uniformly in the other (dispersion 
medium or continuous phase). Such dispersed 
systems can be classified into three types accord- 
ing to the fineness of division or degree of dis- 
persion of the disperse phase : (a) mechanical 
suspensions, (6) colloidal solutions, (c) molecular 
solutions. 

The smallest particles which are visible under 
the microscope are of the order of about 0-1 fi, 
while the average molecular size is about 
0-1 mix. Between these limits lies the region 
of colloidal particles, a substance thus being 
strictly defined as being in the colloidal state if 
its particles of size 1-100 m/i are distributed 
in a continuous medium. It should be realised 
that there is no clearly defined line of demar- 
cation between the three groups of disperse 
systems, the colloids being differentiated for 
practical purposes by their physical properties 
form a continuously graded series. 

The colloidal state is characterised by the pre- 
dominating influence of surface. The enormous 
increase in surface area on subdivision of a cube 
of unit dimensions is given in the table at the 
top of next column (Wo. Ostwald). 

As subdivision increases to molecular dimen- 
sions, intermoleoular and interionio forces become 
of primary importance, so that the effect of 
surface and hence of adsorption is greatest in the 
middle of the colloidal range, in the so-called 
“ zone of maximum coUoidality.” The term 
colloid should be extended to include all sub- 
stances (such as charcoal, silica gel, pyrophoric 


length of 
side of 
cubes incms. 

No. of 
cubes 

Total area. 

1 

lo-i 

io-> 

1 

10’ 

10“ 

6 cm.“ 

60 cm.’ 
600 cm.’l 

10“’ 

10“‘=l/t 

10“ 

101“ 

6,000 cm.’J 
6 m.’ \ 

10-®=01 a 

10-'=001 p 
10-^=0-001 li 

101“ 

101“ 

10“1 

60 m.’ 1, 
600 m.’ y 
6,000 ra.’ J 

= 1 jnu. 

10 ’=0-1 m/I 

10” 

60,000 m.’ 


region of coarse 
suspensions, 
emilisions, etc. 
upper iimit of 
Brown i a n 
movement. 

illoidai dimen- 
sions. 


= 1A 


metals) whose surface properties predominate 
over those due to chemical constitution. 


The complete list of possible two-component 
disperse systems is given below, the dispersion 
medium being placed first, followed by the dis- 
perse phase : 


(1) Solid-fsolid (ruby glass, alloys). 

(2) Solid-f-liquid (solid emulsions, minerals 

with sealed liquids). 

(3) Solid-f gas (solid foams, porous solids). 

(4) Liquid -i- solid (suspensions). 

(5) Liquid-l-liquid (emulsions). 

(6) Liquid-f gas (foams and froths). 

(7) Gas-t-sohd (smoke, cosmic dust). 

(8) Gas-f-hquid (mist, clouds). 


Although it is possible to obtain all the above 
in colloidal dimensions. Nos. 4 and 5 have 
received by far the greater portion of study and 
will alone be considered here. Colloidal sus- 
pensions whether of solid particles or liquid 
droplets are termed sols. 

Classification op Colloids. — Colloidal sols 
differ widely in properties but fall into two 
broad classes, of which colloidal gold and gelatine 
respectively are prototypes. The chief differ- 
ences which serve to classify the two groups of 
colloids are as follows : 

Gold sol type. Gelatine sol type. 


Artificial inorganic col- 
loids. 

Viscosity almost the 
same as that of 
water. 

Concentration always 

low. 

Sensitive to small con- 
centration of elec- 
trolytes. 

Do not swell, un- 
solvated. 

Coagulate to form 
coarse granules, irre- 
versible. 


Natural complex sub- 
stances. 

High viscosity. 


High concentration 
possible. 

“ Salted out ” only by 
high electrolyte con- 
centration. 

Highly solvated, con- 
siderable swelling. 

Coagulate to jelly, 
generally reversible. 


It must be realised that the ideal examples of 
the two types are extreme cases of the diversity 
of colloid properties and that there exist 
numerous colloids {e.g. the hydrous oxides and 
hydroxides) whose properties are intermediate. 
The most prevalent usage at the moment terms 
the two classes of colloids hydrophobic and 
hydrophilic according to whether they “ hate ” 
or “ love ” the dispersion medium — ^water — or 
lyophobic and ly^hilic when the classification is 
generalised to include all kinds of dispersion 



media. Gold forms a hydrophobic sol since it 
does not disperse spontaneously and is easily 
separated (eg. by electrolytes) from the dis- 
persion medmiQ. Gelatine, on the other hand, 
IS bjdrophilic as it disperses epontaneoosly. is 
stable and, at the same time, becomes h^Uy 
hydrated. Another type of classtdeation terms 
the ilrst class of colloids avspentoid, the dispersed 
particles being sohd, and the second class 
emuUoid, it being assumed, chiefly by analogy 
inth coarser emnlaions and from viscosity con- 
siderations, that gelatine and other aimilar 
substances exist in the form of hquid droplets 
when dispersed in water. There is much to be 
said for this theory, but it should be pointed out 
that mercury and certain other emulsoid sols 
(e g. ddute oil emulsions) are of the gold type, 
and that in any case the duslmction belw ecu solid 
and liquid tends to disappear in the colloidal 
range where surface tension effects become all- 
I important. The chief distinction between the 
' two mam classes of colloids is almost certainly 
due to solvation. 

Colloids and tre ULTRAsncBOSCOPK — ^The 
heterogeneity of colloidal sola la clearly shown 
by the Tyndall effect, for though the sol may 
appear to be perfectly clear by transmitted light, 
when a etroog beam of light is concentrated m 
the sol. Its path is marked by an opalescence 
aod the resulting light u polarised. This eflect 
u caused by the scattering of light by the djs- 
peewd particlea of the toL It should m pointed 
out here that solutions of erystsUoids (e g. eugar) 
also give a faint Tyndall cone, especialty when 
examined by ultra-violet light, and that even 
the purest water is not completely optically void. 
When the Tyndall cone la brought to a focus 
within the sol and the small volume, thus 
brilliantly illusuaated, examined through a 
microscope from above, the light scattered 
vertically by the aol particles is observed in the 
microscope. This is the principle of the original 
silt ultramlcroscopo of Zsigmondy and SiMcn- 
lopf (Ann. Physique, 1903, [iv). 10, 1), the 
optical arrangements of which are shown below 
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Since no direct light enters the microscope, 
the aeattenng particles appear as a numoer 
of bright spots of light against a dark back- 
ground ; it is, of course, not possible to see 
the actual colloid particles by the ultra- 
microscope, but only the halo of light scattered 
by each particle. The lower limit of the ultra- 
microscope IS 5-10 mfi, so that highly dispersed 
sols of definitely colloidal charactenstics appear 
homogeneous when examined by this means. 
The intensity of the acattered light dependa on 


the difference of refractive index between the 
two phases of the disperse system, and so 
highly solvated colloids such as gelatine in water 
are difficult to examine by this method. Despite 
these limitations the ultramicroscope has proved 
to be one of the most powerful weapons of the 
colloid chemist. Many optical modifications of 
the ultramicroBCOpe have been introduced 

The most strdung feature of the ultra- 
microscope image is the rapid and unceasing 
motion of the particles — a phenomenon similar 
to the Brown\an, movement exhibited by small 
particles such as pollen grams, gamboge, oil 
droplets, etc , in water, which is visible m the 
ordinary microscope (R Brown, Phil. Mag. 
1828. 4. 161; 1829, 6, 161 ; Edm New Phil. 
Joum. 1828, 5, 353 , 1830, 8,41) It waa soon 
realised that tins movement waa due to the im- 
pact of molecules on the colloidal particles, 
impacts on all sides not cancelling instan 
tancously, and that a visual representation of 
molecular motion in Lquids as pictured by the 
kinetic theory was thus obtained. The fre- 
quency of motion increases with degree of dis* 
peraion. It has been deduced theoretvcatljr by 
Einstein and Smolucbowski and demonstrated 
experimentally by Svedberg that colloid particles 
possess the same kinetic energy as gas or dis 
solved molecules, and are subject to the same 
laws (see osmotic pressure, below) From tbe 
Brownian movement, calculations of the rate of 
movement of molecular particles have been, 
made which are m good agreement with the 
value as deduced from the Linetie theory , tbe 
value of tbe Avogadro constant N has also been 
calculated by Pemn, who obtained the value 
N=6 5x 10^’ for gum mastic particles of radius 
65 ^ 

The Pbevabation or CotxozDa — As the 
colloidal state is mterraediate between mechani- 
cal suspensions and molecular solutions, col- 
loidal eo2s may be prepared either by dispersion 
of the former or condensation of the latter. Of 
diejMTtion methods tbe simplest is the epontaneave 
dispersion of natural colloids, such as gelatine or 
soap in water, cotton m cuprammonium 
hydroxide and tbe formation of organosols of 
nitro- or acetyl cellulose, rubber, resins, etc. In 
organic liquids. Jleehantcal dispersion has re- 
iwrfd .t g’jind riwJ xif .wdiudJasJ sttssi.xcio 
especially since tbe advent of the colloid mill. 
In one of tbe commonest types of mill the sub- / 
stance to be dispersed, mixed with the dis- 
persion medium, is made to pass between two 
metal discs, placed close to one another and 
rotating at very high speeds in opposite direc- 
tions (or between a stator and a rotor). In this 
process the coarse suspension particles are torn so 
as to yield particles approaching colloid dimen- 
sions. It IS generally necessary to haie a dis- 
perstng agent present m the imtial mixture, other- 
wise tho fine suspension coagulates spon- 
taneously. Owing to thchigh cost of running and 
maintenance, colloid mills are not an unqualified 
commercial success. For a detailed account of 
colloid mills, see P. M. Travis, “Mechano- 
chemistry,” New York, 1028, where the practical 
spplicalions of fine suspensions are discussed, 
jjqnid-liquid srstems can bo easily dispersed 
mcchanicaliy, but, except where very dilute 
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emulsions are required, an emulsifying agent 
has to be added. Electrodispersion was first 
introduced by Bredig (Z. Elektrochem. 1898, 
4, 514) who prepared metallic sols by arcing 
wires of the metal beneath the surface of the dis- 
persion medium. Svedberg has modified this 
method by enclosing the wires in a silica tube 
which has a hole bored in front of the arc. The 
metal vapour produced in the arc is blown out 
by a stream of inert gas and condenses to a sol 
in the dispersion medium, which is thus not 
subjected to the decomposing influence of the 
arc. The high frequency oscillatory arc has 
also been used with great success to produce 
highly dispersed sols of practically all the metals 
and by a modification of the method ether sols 
of the alkali metals were prepared. Dispersions 
of solids in gases can be produced explosively by 
condensing the gas under pressure in the pores 
of a solid and then releasing the pressure (see 
Sata, BuU. Chem. Soo. Japan, 1936, 11, 443). 
Volcanic dust is produced in this way. One 
of the most important dispersion methods is 
that of peptisation, in which a coarse suspension 
is dispersed to a sol by the action of an elec- 
trolyte ; simple examples are the peptisation 
of arsenic sulphide by hydrogen sulphide and 
of ferric hydroxide by a small quantity of ferric 
chloride. 

Condensation methods of dispersion are more 
numerous. Amongst the simpler methods may 
be mentioned soluhilily reduction on cooling 
(e.g. sulphur in alcohol) and the effect of solvent 
change {e.g. by dropping an alcoholic solution 
of gum mastic into water), while the formation 
of organosols may be accomplished by the 
simultaneous condensation of a metal vapour 
with that of its organic dispersion medium 
(Roginski and Sohalnlkov, KolJoid-Z. 1927, 43, 
67) the applications of this method are limited 
by the fact that the metal must be capable 
of subliming at a temperature at which the 
liquid does not char. Another interesting 
method makes use of the silent electric discharge 
(Miyamoto, J. Chem. Soc. Japan, 1934, 55, 
1273) whereby colloidal arsenic can be prepared 
from arsine and hydrogen. By far the most 
important condensation method of colloid 
formation is that of carefully controlled chemical 
reaction. It has been established by von 
Weimam that precipitation from either very 
dilute or very concentrated solution yields a 
colloidal product, whereas at medium con- 
centrations normal precipitates are obtained ; 
excellent examples are afforded by the precipi- 
tation of barium sulphate and of Prussian blue. 
The formation of colloidal materials at high 
concentrations is at first sight unexpected, but 
the explanation is presumably that, formed in 
such close proximity, the molecules have no time 
to arrange themselves into a regular ciystalh'ne 
lattice, but remain in an amorphous condition. 
This is home out by the fact that these amor- 
phous, high concentration sols are unstable and 
ago with the formation of normal crystalline 
aggregates. Nearly eveiy type of reaction in 
solution can thus be made to produce colloidal 
sols, amongst the most useful may be mentioned 
the following ; reduction (preparation of 
metallic sols by hydrogen, carbon monoxide. 


and numerous organic reducing agents), oxida- 
tion {e.g. o.xidation of hydrogen sulphide to give 
a sulphur sol), hydrolysis (formation of Fe (O H )3 
sol by hydrolysis of FeClj ; silica gel), double 
decomposition (formation of sols of acids, bases, 
and salts), polymerisation (vinyl esters, styrene, 
etc., Staudinger, Ber. 1926,69 [B] 3019). To show 
the wide range of possible reactions, mention 
may be made of the formation of eoUoidal 
sodium chloride by double decomposition of 
thionyl chloride and sodium salicylate and the 
production of colloidal palladium hydride by 
the adsorption of hydrogen by a palladium sol 
(prepared by reduction) ; the hydride sol is an 
excellent catalytic reducing agent. For practical 
details of colloid preparation, see Svedberg, 
“ Formation of Colloids ” (1921) ; Holmes, 
“ Laboratory Manual of Colloid Chemistry ” 
(1927) ; Reitstotter, “ Die Herstellung kolloider 
Losungen anorganischer Stoffe ” (1927). 

The PuEiriCATiON of Colloids. — Dialysis, 
the classical method of separating sols from 
electrolytes is still widely used, dialysers of 
parchment or collodion, which are constructed 
so as to have as large a surface as possible, being 
the moat efiScient. As this process, depending 
entirely on diffusion, is somewhat slow, the 
method of electrodialysis has been introduced, 
in which the electrol 5 rie ions are made to 
migrate away from the sol on the passage of an 
electric current. The apparatus for electro- 
dialysis is shoivn schematically below : 


Mj 




' 

+ 1 


- 

Ba i 

A 

Be 


Fig. 2. 


The sol is enclosed in the compartment A,' 
separated from Ba and Be by the dialysis mem- 
branes Mj and Mj, close to which the elec- 
trodes (dotted lines) are placed. The anode 
should be of platinum, the cathode may be of 
copper or any other suitable metal. There are 
three effects contributing to the separation of 
ions from the colloid : (a) as in the case of 
ordinary dialysis, diffusion, (6) migration of ions 
through the membranes to the electrodes, 
(c) electro-osmotic streaming of the liquid. In 
order that the third cause should be effective, 
the anode membrane should be positively 
charged (prepared from albuminoid materials) 
and the cathode membrane negatively charged 
(collodion or parchment). 

Substances in colloidal suspension pass readily 
through filter papers, but, if the close relation- 
ship between colloids and mechanical suspen- 
sions is borne in mind, it will be realised that 
if the pore size is sufficiently reduced, it ought 
to be possible to retain colloids by filtration. 
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while allowing water aa well aa dIssolTcd iooa 
and molecules to pass through. Hus baa been 
successfully carried out by using gelatinous 
materials, the pores of which are of coUoidal 
dimensions and can be varied in size by modifi- 
cations in tbe methods of preparation. The 
greatest degree of success has been attained 
vllraJUlera of collodion supported in tbe pores 
filter paper. As the concentration of tbe im- 
pregnating material is increased, the per- 
meability of the filter decreases, so that a senes 
of graded filters can be prepared wluch may be 
employed not only to purify colloids, hut to 
sort out the particles according to their sizes 
(Beehhold, Z. physikal. Chem. 1907, 60, 257). 
The poro size of ultrafilters may be calculated 
from tbe volusie of water forced through unit 
filter area in unit time by a given pressure. 
It may be stated that ultrafiltration depends 
not only on tbe sieve action of the ultraporea 
but also on the charge on tbe filter. Collodion 
filters are negatively charged in preacnce 
of water and allow the passage of negative 
particles more readily than of positive ooea. 
nis renders deterznmation of absolute size by 
nltrafillration aomewhat doubtful. Electro- 
ultrafiltration la a device to speed up ultra- 
filtration m the same way that electro dialyaia 
quicheas dialysia. The relative rates of separa- 
tion of electrolytes and non electrolytes by 
the four methods are given 10 the following 
table (E> Heymann, Z. physikal. Cbem. 1925, 
118. 65), a potential gradient of 40 v./cm. being 
used in the electncal processes : 

?rec«ss ttsO Case ngu. 

Dialysis 1 03 

Electrodialysis .... 163 2(1) 

Ultrafiltration .... 14 14 

l^ectro-ultrafiltration . . 182 14 

(For a review of the bterature on ultrafiltration 
and an account of the separation of single pro- 
teins, rubber latex, acetone collodion, etc , by 
this means, tee Ferry, Chem. Rev., June, 1936.) 

AdsorPTiow.— T he enormous surface of con- 
tact between disperse phase and dispersion 
medium possessed by substances dispersed 
coUoidoUy has already been stressed- Thu b 
chiefly importsnt because of the ions or mole- 
cules which can he attached at the interface by 
adsorption and thus modify the etability and 
properties of the system. The term adsorption 
IS here used to mdicate a concentration or 
attachment of some substances at the interface. 
In a two-phase system where one of the phases 
b a hquid it follows on thermodynamical 
grounds lh>m surface tension considerations 
that the most stable rebtion between the two 
phases b the one characterised by a minimum 
surface tension. Hence, if there b present in tbe 
liquid a substance which lowers its surface 
tension, thu substance will accumulate in tbe 
surface layer. The rebtionshlp as stnctly 
deduced by Gibbs fa where If fa the 

excess of substance at the int^aee, G its con- 
centration in the bulk of the liquid, e tbe suvfaee 
tension. Ji the gas constant, and T the absolute 
teoperatore. It fa seen that when increasing 


concentration reduces the surface tension, 0 
becomes positive ; when it increases the surface 
tension U fa negative, indicatinga concentration 
in the bulk of the liquid away ^m the surface. 
Ibis negative adsorption should obviously be 
of a much lesser magnitude than normal adsorp- 
tion, which IS in accord with the experimental 
facta. On the other hand, a relatively minute 
quantity of a surface or capillary active com- 
pound will reduce the surface tension enormously 
The fatty acids which are particularly efl’ective 
in reducing the surface tension show an m- 
eteasmg activity with incteaaing number of 
carbon atoms in tbe homologous series (Traube's 
rule). It IS loterestmg to note abo that adsorp- 
tion of these substances on charcoal mcreases 
in the same order. Capillary active substances 
(eg. tbe soaps) also act often as emulsifying 
agents m liquid-liquid dispersion ; this property 
I fa closely connected with the fact that there is 
'a definite molecular onentation in the adsorbed 
surface layer. 

I Gibb’s faotherm cannot bo applied directly to 
I solid surfaces where da/dC cannot be measured. 
The sohd surface is always very complicated 
I even with apparently plane crystalline surfaces 
jof metals or salts, there are numerous deep 
fissures (Smeckal cracks) between tbe blocks 
I of crystals, as well as peaks and valleys on tbe 
Isurfsce. Atoms on peaks or edges are leu 
'strongly attached to the body of the matenal 
and MU consequentlv very active for adsorption 
I and catalysis. Much evidence on active centres 
I has recently been obtained by tbe study of 
differential catalyst poisoning which conclusively 
I demonstrates tbe existence of different types of 
surface atoms. Active centres, which are often 
capable of fixing ions or molecular groups 
chemically, are of fundamental importance in 
colloidal behaviour. For solid surfaces, tbe 
empincal sorption isotherm of Freundheb, 

— (where 7 fa the amount adsorbed, m the 
weight of adsorbent, C the equilibrium concen- 
tratioD. and k and n constants), is generally 
applicable (see, however, J. W. McBam, “ TLo 
Sorption of Gases and Vapours by Solids,” 
London, 1032, p. 5). 

When an adsorbing surface is placed in con- 
' tact wilh an electrolyte solution it can generally 
I be shown that the electrolyte is not adsorbed 
I as a whole, but that one ion is more strongly 
adsorbed than the other. If, for example, a 
.colloid adsorbs the anion preferentially, the 
Icxecos of cations will arrange themselves as an 
outer ionic atmosphere, the complete formation 
of adsorb^ and outer ions constituting an 
I electncal double layer. The colloid surface and 
natuio of the double layer fa well illustrated by 
tbe precipitation of tbe silver Lahdes. In the 
! space lattice of silver bromide, cf which a two 
dimensional representation is given on Fig. 3a. 
each interior silver or bromide ion fa surrounded 
I by six equidistant ions of the opposite sign. 
Iho silver ions on the tvrfaee, however, are onJy 
surrounded by fire equidistant bromide ions 
. (three in tbe plane of the paper, one in front 
and one ^bind), and similarly each surfsce 
bromide ion is surrounded by only five silver 
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iona ; each surface ion thus lacks one ion of the 
opposite sign to saturate its aifinity. When the 
particle is present in a solution of potassium 
bromide, bromide ions are preferentially ad- 
sorbed from solution on to surface silver ions ; 
as the added bromide ions are already balanced 
by corresponding potassium ions, a second but 
more mobile adsorbed layer (of potassium ions) 
is formed all over the surface, Tvith the result 
that an electrical double layer is formed and the 
particle becomes a stable negative colloid (see 
Fig. 36). 

Br — Ag — Br — Ag 

I I I I 

Ag — Br — Ag — Br 

I i I I 
I I I I 

Neutral particle. 

Fia. 3a. 

K K 

Br Br 

I 1 

Br — Ag — Br — Ag — Br-- K 

I I I I 

K-- Br — Ag — Br — Ag — Br 

I I I I 

Br— Ag— Br— Ag— Br - K 

I I I I 

Negative sol particle (In KBr). 

Fio. 36. 

NO3 NO3 

Ag Ag 

NOa.-.Ag— Br — Ag — Br— Ag 

I I I I 

Ag — Br — Ag — Br — Ag-.-NO, 

Me, 1111 

NO3-- Ag— Br — Ag — Br — Ag 

•I I I .1 

Positive sol particle (in AgNOjl. 

Fio. 3c. 

At the point where eqtiivalent amounts of potas- 
sium bromide and silver nitrate are present the 
particles are coagulated as a normal uncharged 
precipitate, but if an excess of silver nitrate is 
present a positive sol results, according to the 
scheme in Fig. 3c. It will be observed that the 
facts outlined above give an explanation based 
on adsorption of the phenomenon of peptisation 
already mentioned; it is seldom, however, that 
peptisation adsorption is quite as simple as the 
case cited here. Further reference to this type 
of adsorption will be found in the following 
sections. 

Electrical Properties of Colloids. — It has 
already been mentioned that the particles of a 
colloidal so] are electrically charged, a property 
which they share with suspensions and other 
surfaces. A qualitative determination of the 
sign of the charge of a colloid may be made by 
a simple adsorption experiment, positive colloids 
being adsorbed by negative adsorbents such as 


' silica gel, and negative colloids by positive 
adsorbents such as aluminium hydroxide. The 
sign of the charge, however, is not usually 
dependent on the physical nature of the com- 
pound which forms the sol but, as will be 
evident from the ease of silver bromide already 
discussed, is influenced by such quantities of 
electrolytes as may be adsorbed from the 
solution. 

If a direct current is passed through a colloidal 
sol, the charged particles move towards one or 
other of the electrodes ; this movement is 
known as cataphoresis and can be measured by 
the moving boundary method, the boundaiy 
being seen by means of a Tyndall cone ; if the 
colloid is colourless ultra-violet light may be 
used. The Hittorf transport method can also 
be applied to cataphoresis, but by far the most 
satisfactory and convenient measurements are 
made by observing the movement of the actual 
particles across the field of the ultramicroscope. 
When the moving particles are discharged at 
the electrodes, they coagulate, an observation 
which suggests a close relationship between 
electrical charge and stabih’ty, a matter which 
will be discussed in the next section. The 
effect of small quantities of electrolyte on the 
cataphoretic velocity is particularly marked, 
the influence of the ion of charge opposite to 
that of the colloid increasing very greatly with 
valency. If, instead of allowing the particles 
to move in the electric field, they are held 
stationary in the form of a diaphragm, the 
potential difference between disperse phase and 
dispersion medium manifests itself by a move- 
ment of the dispersion medium towards one or 
other of the electrodes, the direction being the 
opposite of that in which the diaphragm would 
move if free. This effect, which is known as 
electrical endosmose or electro-osmosis, is in- 
fluenced by the presence of electrolytes, etc., in 
the same way as cataphoresis. Two other 
related electrokinetic phenomena have been 
investigated, namely the streaming potential 
developed by forcing a liquid through a dia- 
phragm, and the converse sedimentation potential 
produced by the passage of solid particles 
through a liquid under gravity. The electro- 
kinetic potential ( J) is related to the cataphoretic 
velocity (u) by the following equation : 

where D is the dielectric constant of the 
medium, t) its viscosity, and x the potential 
gradient. The velocity of migration of colloidal 
particles is of the same order as that of ions. 

The origin of the electric charge on colloidal 
particles has been much discussed, one school 
maintaining that it is due to the adsorption of 
ions from solution, the other that the charges 
are produced from the ionogenic substance 
which forms the disperse phase (see below). It 
is now almost certain that both causes operate 
simultaneously in most cases, one or the other 
predominating with different types of colloid. 
It is clear also that the charge on the colloid 
particle is compensated by an equal and 
opposite (ionic) charge in the liquid in immediate 
contact with it, the system as a whole being 
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(Lke an electrolyte solution) uncharged. TIte 
whole eyrelem of colloid particle plus compeQ- 
sating double layer {gegtnyont) is often termed 
a rntctlle. On passing an electnc current, the 
two parts of the douWe layer tend to raOTO m 
opposite directions, thus setting up an opposing 
e m.f. The inlermyeeJlar liquid which is a con- 
ductor tends to compensate this, so that there 
is a net movement of the micelle towards the 
electrode. With organosols, where the liquid a 
a non-conductor, the disturhanccs must be 
electronic rather than ionic, but it should be 
pointed out that the presence of a very small 
trace of water plays an important part here. 

The classical theory of Helmholtz assnnied the 
double layer to be compact, there being an 
abrupt potential gradient between the two 
phases. This concept has been modified by the 
diffuse double layer theory mamly due to Gotty 
(J. Phya. Radium I9I0,Q,4S7),anditis now con- 
sidered that although the inner layer is probably 
rigid, the gegeruon layer is diffuse and ectenda 
outwards a distance of a few mp. The proper 
tion of posjtne gegemons (in a negative sol) 
decreases and that of negative ions in the outer 
layer increases with increasing distance from the 
interface The presence of electrolyte in the 
intemiiceUar liquid influences the diffuse layer, 
the thickness of which decreases with increasing 
concentration of electrolyte. 

Some confusion ezuted as to the relationship 
between the Kemst electrochemical potential 
(«] and the electrokmetic potential ({)• hut 
Freundlich has succeeded In measuring both 
potentials for the sptem glass water, and it is 
now realised that they do not necessarily bear 
any relationship to one another. The electro- 
chemical potential represents the total potential i 
drop between the disperse phase and the body 
of the dispersion me^um and is little affected 
by the presence of ions in the tatter. The 
electrokmetic potential, on the other hand, is 
the potential wtween the interior, rigid portion 
of the double layer and the body of the liquid, 
and is thus only a constituent part of the 
electrochemical potential ; it will be smaller 
than the latter, but its magnitude and sign 
depend on the ions which are present. The 
electrokmetic potential thus represents the 
potential across the pisne of shear. 

Tho actual chemical nature of the double layer 
must now be discussed m more detail. It was 
early assumed that a neutral substance when 
pla^ in water would become negstnely 
charg^ owing to a preferential adsorption of 
the hydroxyl ion ; a basic substance such as 
ferric oxide would in the tame way adsorb the 
hydrogen ion preferentiaUy and so become 
positively charged, the compensating hydroxyl 
ions forming the diffuse lay cr. With electrolyte 
solutions a particle will become chaiged by 
preferential adsorption of one of the ions in the 
manner which has already been illustrated by 
silver bromide. 

The concept of ionogenic substances formiog 
the double kiycr develops directly from a study 
of soap solutions. The sodium salts of the 
lower fatty acids behave as normal binary' 
electrolytes, but in the case of tho higher roein- 
bera It berames obvious that association is 


taking place and that colloidal character is 
being assumed. The anion is no longer a dis. 
Crete fatty acid anion m solution, but an 
aggngate of fatty acid ions together with 
undissociated salt molecules ; the colloidal 
aggregate is really a giant polyvalent ion dis- 
sociated St the surface and compensated by an 
equivalent number of sodium ions in solution 
in close proximity to the giant ion. tVlien an 
electnc current is passed, the outer sodium ions 
move to the cathode, the giant ions to the anode. 
Since the latter con tarn a large number of undis- 
sociated soap molecules m the interior, it follows 
that some of the sodium migrates to the anode. 
This and other work by McBain on soap micelles 
indicates that, in the case of such definite 
collotdal electrolytes at least, cataphoresis is a 
special instance of electrolysis Similar con* 
sidcralions apply to sols of most dyes and to 
many other organic colloids An attempt has 
been made, chiefly by Pauli and his co workers, 
to extend the idea of colloidal electrolytes to 
ordinary sols In the case of a positive hydroxide 
sol prepared by hydrolysis of ferric chloride, 
the micelle is represented as 


oFe,0, + 

— xFeO -f^xCI 

bFeOCl cH,0 


The positive charge » contributed by certain 
active centres of FeO on the surface, the 
negative charge of the diffuse layer consisting 
of an equivalent number of Cl ions Part 
of the Cl 19 enclosed withm tbe sol particle 
(ee FeOCI) and thus has little influence on the 
properties of the sol Such colloidal ions may 
carry several thousand unit charges ; the 
number of chemical molecules (excluding those 
of tho water) per unit charge is termed the 
colloid eqvimltni. The classical and modem 
theories of electrochemistry are being appLed 
with some success to colloids, regarded as com- 
plex electrolytes. llIcBam and Thomas (J. 
i’bysical Chem I93C, 40, 097) h4ve showm that 
tbe transport numbers of ferric oxido sols as 
well as of the true colloid electrolytes (soaps, 
etc.) can be measured by means of the normal 
(eg Hittorf analytical and moving boundary) 
melhdds. But it is difficult to see how the iono- 
genic theory can be extended to cov alent organic 
substances m which the formation of ionic double 
layers is improbable but which still display 
electrokmetic properties. 

Electrokmetic measurements on proteins, 
viruses, hactena spermatazoa, etc , are yielding 
valuable results. For a full account of tbis 
typo of work as well as for the theory of clectro- 
lunetic phenomena, *<e Abrahamson, “ Electro- 
kinetic Phenomena " (1034). See also the Para- 
day Society discussion on colloidal electrolytes 
(Trans. Faraday Boe. 1935. 31, 1) and a useful 
copter on tbe eleclncal properties of colloidal 
systems by E. Heymann m Bechhold’s " Em- 
ftthrung in die Lehre von den KoUoiden.” 

Colloid Stability. — Tho essential charaeter- 
iitics of a particle in colloid suspension are its 
fine slate of division, with which Is associated 
tbe Brownian movement, and the electnc charge 
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which it carries. On subdivision of a solid, as I Although H and OH~ ions are particularly 
surface area increases, so does surface energy, I potent in this connection, the effectiveness of the 


and thus, according to thermodynamic prmciples, 
colloid particles should have a tendency to aggre- 
gation. The rate at which a particle of given 
size should settle in a liquid under the influence 
of gravity is given by Stoke’s law : 

2r^(dt-dg)g , 

97 , 

where and dj are the densities of disperse 
phase and dispersion medium respectively, V 
the velocity of the particle of radius r in liquid 
of viscosity 7,. The application of Stoke’s law 
to particles of colloid dimensions shows, for 
example, that a gold particle of size 10 m/t shoidd 
fall through 1 cm. of water in 29 days, while a 
benzene sphere of the same size would take 
about 12 years. Convection and other dis- 
turbing influences would normally mask this 
small rate of settling, so that colloidal solutions 
in the absence of special influences which 
encomage coagulation are indeflnitely stable. 
The Brownian movement is manifested as a 
small diffusion effect superimposed on the 
external forces of gravity, etc. The Brownian 
movement, bringing about as it does collisions 
of the suspended particles, favoTirs aggregation 
when the impinging particles are uncharged. 
It is the electric charges on the particles which, 
by producing mutual repulsion, condition the 
stability of the sol ; uncharged particles of 
colloidal dimensions, unless protected, coagulate 
immediately. It has been shown in the case of 
dilute oil suspensions, that a slow coagulation 
takes place even when the globules are still 
feebly charged, indicating that under these 
conditions only a proportion of the total 
number of collisions results in coalescence. 
Coagulation is purely an aggregation effect 
which is followed by precipitation due to gravity 
according to Stoke’s law ; the initially amor- 
phous precipitate may then gradually become 
crystalline. 

Coagulation of Hydrophobic Sols. — The 
effect of electrolytes on the cataphoretic velocity 
of normal hydrophobic sols has already been 
mentioned. These systems are influenced by 
minute amounts of ions, the particles moving 
more and more slowly as the electrolyte con- 
centration increases untU, when the velocity is 
zero, the sol coagulates, only to be peptised and 
the particles made to move in the opposite 
direction if electrolyte addition is continued. 

When the colloidal particle is imcharged and 
does not move in the electric field it is said to 
be at the isoelectric point, which condition is 
usually marked by a p^ value characteristic 
of the system. The effect of electrolytes and 
consequent coagulation of a colloid is an 
adsorption effect which is due to the antagonistic 
influence of the separate ions ; ions having the 
same sign as those conditioning the charge of the 
colloidal particle, tend to increase the electro- 
kinetic potential, those of opposite sign to 
decrease it or change the sign. The ions which 
bring about coagulation are thus those of 
opposite sign to that of the coUoid, and in an 
electrolyte solution it is those ions which 
generally have the predominating influence. 


ion in inducing coagulation increases rapidly 
with valency, metal ions of the same valency 
all exerting approximately the same effect. 
The flocculation values (in millimols. per litre), 
representing the minimum concentration of 
various electrolytes necessary to coagulate a 
negative arsenic sulphide sol, have been shown 
hy Freundlich to be : 

NaCl=51 SrCl2=0'63 

KC1=50 2nCl2=0-68 

KN03=50 AlCl3=0-093 

MgSO4=0-81 Ce(N03)3=0080 

CaCl2=0-65 

The anion has obviously little influence in the 
coagulation of the negative sol and the floccu- 
lation value varies very considerably with the 
cation valency. When a positiveferrichydroxide 
sol is investigated, the cation has Uttle effect and 
the anion valency becomes the predominating 
factor. Some minimum flocculation concentra- 
tions in this case are : 

KN02=12 K2S04=0-26 

KC1=9 MgSO4=0-22 

JBaCl2=9'6 K2Cr2O7=014 

Freundlich (Z. physikal. Chem. 1910, 73, 385) 
has explained these facts by assuming ions 
of the same valency to be adsorbed by the 
colloid to an approximately equal extent. 
Equal concentrations of any ion of a given 
valency will thus be required to reduce the 
eleotrokinetio potential to zero, and consequently 
the flocculation value will be the same for all 
such ions. These concentrations being small, 
they will appear in the initial part of the 
adsorption isotherm where the amoimt adsorbed 
increases very rapidly with concentration. Sup- 
posing that the amount of a univalent ion which 
has to be adsorbed in order to bring about 
coagulation is double that of a divalent ion and 
three times that of a trivalent ion, the steep rise 
in the adsorption isotherm makes it clear that the 
actual concentration of salts required to produce 
this effect is not in the simple ratio 
but in the ratio indicated by the experimental 
results, trivalent ions having a dispropor- 
tionately large effect. Many ions, especially 
of the heavy metals and of organic complexes, 
can be shown by analysis to be more strongly 
adsorbed than those of the simple ions discussed 
here, and thus have lower flocculation values 
than those tabulated above. According to the 
“ chemical ” theory of colloidal electrolytes, 
coagulation is to be regarded as a t 3 rpe of double 
decomposition ; when a ferric hydroxide sol 
with chlorine as gegenion is coagulated by 
sodium sulphate, for example, sodium and 
chlorine ions remain in solution while the sul- 
phate ion is attached to the precipitate. 

Although the adsorption theory of coagulation 
proposed by Freundlich has proved to be a 
useful working hypothesis, it fails to explain 
many aspects of the coagulation of hydrophobic 
colloids. For a complete understanding of this 
problem the influence of the coagulating ions on 
the sol double layer has to be studied. The 
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modem point of view is clearly given by Vern^ 
in “ Hydrophobic Colloids,” a report of a 
symposium held in Utrecht, 1937 {Centea, 
Amsterdam). 

When two colloidal sols of the same charge 
are mixed, there is little notable effect, but when 
the charges are of different sign coagulation 
may take place if there is roughly the same 
amomit of each present, otherwise the one which 
is in excess in part remains dissolved. 

The stabihty of colloidal sols generally 
decreases with temperature mcrease, a smaller 
concentration of electrolyte being necessary to 
induce coagulation at higher temperatures. 
Although this effect may often be due to solution 
of electrolytes from the walls of the containiog 
vessel, results of Reid and Burton fJ. Physical 
Chem. 1928, 22, 425) show that in some cases 
heat alone may bring about coagulation. 
Amongst other coagulating influencea may be 
mentioned mechanical agitation and the effect 
of radiation of various sorts (uitra>violet light, 
X'radiations, radioactive rays). The latter 
effects may often be explained by a photo* 
chemical action on protective colloids, peptismg 
electrolytes, etc. Bacterial suspensions may be 
coagulated by electrolytes in the same way as 
ordinary sols. 

It is interestmg to note that concentrated 
solutions of electrolytes, and especially of strong 
acids, differ so much from dilute solutions that 
colloids, far from being coagulated, ere main* 
tamed in stable suspension in them. Voet 
(J. Physical Chem. 1930, 40, 307) baa prepared 
Bola of inorganic compounds in atroug aolpbune 
and phosphoric acids and in certam concentrated 
salt solutions. 

From what has already been eaid, it is obvious 
that peptlaation la due to adsorption effects of a 
similar natoro to those which cause coaralation 
of already peptised systems, namely premrential 
adsorption of positive or of negative ions. 
Sata (KoUoid-Z. 1935, 73, 60) claims to have 
peptised ferric hydroxide by means of ultra- 
sonic waves, even in the absence of electrolytes. 

Stability or Rydroitiilic Colloids. — 
Hydrophilic colloids are on the whole much 
more stable than are hydrophobic colloids, 
although the stabihty is more dependent on 
cheuiuil conaUtutiari ; small amouata of 
protein decomposition products produced by 
bydrolyaia on beatmg may influence the 
properties of the sol considerably. Uydropbilic 
colloids at once differentiate themselves from 
hydrophobic sols by their greater inertness 
towards* electrolytes. The fonner type ts 
indeed precipitated by a large concentration of 
electrolyte, but the amount is so much greater 
that the term “ aalting out ” is used to distin* 
gnish the effect from ordinary hydrophobic 
coagulation. Ilydrophihc particles are charged 
in the normal way, the charges being capable of 
progressive neutralisation by adsorption of 
ions to an iso-eleetnc point. Ilydrophihc 
colloids do not, however, coagulate at the iso- 
electric point, although this is their point of 
minimum stabihty. This increased stability as 
compared with h}drophobic colloids is due to 
hydration, the sol particlea being covered by a 
water layer like truly dissolied substances. 


Coagulation in this instance can thus bo brought 
about by simultaneous discharge of the stabihsing 
charge and removal of the stahOising water 
eheath. An important senes of observations on 
this subject was made by Kruyt (KoUoid-Beih. 
192G, 28, 1), who showed that a negatively 
charged agar sol became discharged on the 
addition of small quantities of electrolyte but 
was still stable owing to its water sheath. If a 
dehydratmg substance such as alcohol or acetone 
were now added, the coUoid coagulated. On the 
other hand, if ft similar amount of dehydrating 
agent were added before the addition of electro- 
lyte, the water sheath was destroyed but the sol 
remained stable owing to its negative charge. 
Such a dehydrated hydrophiL'c sol behaved 
exactly like a normal hydrophobic colloid, being 
flocculated by small amounts of electrolyte, the 
concentration and valency effects of which were 
exactly the same as with a negative arsenic 
aulphide sol. 

In view of what has just been said it becomes 
I clear that the “ saltmg out " effect ofeleetrolytw 
I on hydrophilic colloids is due to their dehydrst- 
' log action as well as to their power of neutralising 
I the charge. As the former effect demands a 
I much larger concentration of electrolyte tbsn 
j the latter, it is apparent that the minimum con- 
centration lequir^ to bring about coagulation 
will depend essentiaUy on the dehydrating power 
of the ealts, there is thus little noticeable 
valency effect, in contrast to that of hydrophobie 
coagulation. When a number of si^um salts 
are arranged in order of *' salting out 
efficiency, tbo following sequence u obtained : 
citrate ^ tartrate > sulphate > acetate 
^ chloride ^ nitrate >• chlorate ^ iodide 
thiocyanate. This » tbeso-eaUedHofmeister 
or lyotropic senes and is the same as that which 
represents the power of these electrolytes m 
. ** salting out ” organic compound from their 
solutions and of reducing the solubiLty of gases 
I in water ; in the Hofmeiater senes, therefore, 

I the salts are arranged in order of their hydration, 
lo practice sulphates of sodium or magnesium 
are used for the salting out of colloids because 
of tfaeir high solubility as well as position in the 
senes. Salts at the end of the Hofmeistcr scries 
such as iodides and thiocyanates are not capable 
even in saturated solutina of coa^lating h^dto- 
I phibc colloids i on the contraiy, they have a high 
dispersive power, being able to “ dissolve ” 
cellulose and other normally insoluble sub- 
stances. 

The proteins are the moat important of the 
naturally occumng hydrophihc colloids ; the 
behaviour of these 8ul»tances the elcctrokinetic 
properties of which are greatly influenced by H "*■ 
and OH~ and httjo by other ions, is beat in- 
terpreted by considering them to be amphotcrio 
electrolytes similar to but much more com- 
pbcated than the amino acids. 

XcOOH/n \ '\COO“/a 
(a) (*) 

As the proteins contain both acid and basic 
groups, they form salts both with bases and 
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acids. In alkaline soltition {e.g. NaOH) the 
acid groups are active and a sodium salt is 
formed which dissociates to some extent to 
produce sodium ions and a negative anion. 
In alkaline solution, therefore, proteins are 
generally negatively charged and wander to the 
anode. In the presence of excess acid {e.g. HCl) 
the basic groups form chloride derivatives which 
dissociate to form protein cations and chloride 
gegenions ; the protein is positively charged 
in these circumstances and wanders to the 
cathode. There must obviously he some 
hydrogen ion concentration at which the 
particles are uncharged or at any rate acidic 
and basic to an equal extent ; this isoelectric 
point depends on the relative strength of the acid 
and basic groups and is thus not necessarily 
at Pn—T. The isoelectric point is readily 
determined by cataphoresis, for here the mobility 
is zero ; it can also he measured by precipita- 
tion, viscosity, potentiometrio titration, etc. 
There is evidence that at the isoelectric point 
proteins exist as “ zwittcrions ” (formula 5) 
rather than as neutral molecules (a). The iso- 
electric point is a specific property of each 
individual protein and is usually well on the 
acid side of neutrality, but the isoelectric point 
of haemoglobin is at Pii=1- Proteins behave 
normally in having their mini mum stability at 
the isoelectric point. 

Sensitisation and Protection. — ^When 
minute amounts of a hydrophUio colloid such as 
gelatine are added to a hydrophobic sol, the 
stability and cataphoretio velocity of the latter 
are reduced although actual coagulation may 
not occur. This effect is probably due to the 
normal adsorption of the sensitising particles 
which behave as coUoidal electrolytes ; the 
charge on the hydrophobic sol is thus reduced 
and unstability results. It is found that sensitisa- 
tion only occurs when the protein film is 
incomplete, and the ingenious idea has been put 
forward that it may thus be due to simultaneous 
adsorption of the hydrophilic colloid particle by 
two or more hydrophobic particles which are 
thus brought into close contact. When sufficient 
gelatine (or other hydrophilic colloid) is present 
to form a complete coating on the hydrophobic 
particles, the latter take on a typical hydro- 
philic character and are inert to small concentra- 
tions of electrolytes ; such a system is termed 
a protected sol. 

A gold sol or an oil emulsion may be floccu- 
lated by 0-003% gelatine, although larger, and 
much larger amounts stabilise. 

The protection of sols is of great importance 
and has been practised empirically since ancient 
times. Zsigmondy showed that the sharp colour 
change from red to blue displayed by gold sols 
under the influence of electrolytes could be used 
as a means of obtaining a quantitative com- 
parison of the protective action of difierent 
colloids. The colour change supposed to be 
due to aggregation is inhibited by protection. 
He defined the gold numbsr of a protective 
colloid as the number of milligrams which 
are just sufficient to prevent such a colour 
change on the addition of 1 c.c. of 10% sodium 
chloride solution to 10 c.c. of a standard gold sol. 
The greater the efficiency of the protector, there- 


fore, the smaller the gold number. An alterna- 
tive method of measurement is by the ruhin 
number of Wo. Ostwald, in which the weight 
of colloid in 100 c.c. of solution which will just 
prevent change of colour in a Congo-rubin sol 
similar to that of the gold sol is the criterion. 
The gold and ruhin numbers of a few protective 
colloids are shown in the table : 

Colloid. Gold number. Kubin number. 


Gelatine and glue . 0-005-0-01 0-025 

Isinglass . . . 0-01-0-02 — 

Sodium caseinate . 0-01 0-004 

Haemoglobin . . 0-03—0-07 0-008 

Albumin . . . 0-1— 0-2 0-020 

Sodium oleate . . 0-4-1-0 — 

Dextrin . . . 6-20 — 

Potato starch . . c. 25 c. 0-2 

Silica sol . . . <» <» 


In many biological systems double or multiple 
protection is effective ; thus in milk, which is 
essentially an emulsion of fat droplets in water, 
some workers consider the oil-water interface 
to he protected by casein which in turn is pro- 
tected by the more efficient lactalbumin. The 
proportion of lactalbumin to casein in cow’s, 
human and ass’s milk is 0-175, 1-2, and 3-31 
respectively. Of the three varieties, cow’s 
milk is much the most readily coagulated by 
acids and by rennin, the function of the latter 
seems to be to convert lactalbumin by enzyme 
action to a coagulant. In agreement with the 
figures quoted the coagulum of cow’s milk is 
much coarser than that of the others. Cow’s 
milk is thus much less digestible for an infant 
than is human or ass’s milk but may be protected 
by the addition of gelatine, dextrin, Irish moss, 
and other protectors and even by sodium 
citrate or tartrate, which also possess general 
protective action. 

Protection is essentially an adsorption 
phenomenon ; this is demonstrated by the fact 
that a finite time interval must elapse after the 
addition of gelatine to a hydrophobic sol, before 
protection is complete ; further, although the 
degree of protection is determined by the con- 
centration of protective colloid used, once a 
hydrophobic sol is protected, dilution does not 
diminish this effect. It is generally most con- 
venient to assume that the particles of the 
protected sol are covered by a complete layer of 
protector or that, at any rate, its active centres 
are thus shielded, but Zsigmondy has demon- 
strated ultramicroscopically that, when the 
particles of hydrophobic sol are small compared 
with those of the protector, one particle of the 
latter may adsorb several of the former with the 
usual protective effects. There is, however, no 
relationship between the sign of the charge 
of the hydrophobic colloid and protective 
action, proteins, for example, being capable of 
protecting both positive and negative sols. 
The protected sol assumes the electrical pro- 
perties of its protector ; a quartz suspension 
protected by gelatine -wfll possess the cata- 
phoretio velocity and isoelectric point of gelatine. 

Protective colloids have considerable in- 
dustrial importance and there is an extensive 
patent literature. As an example may be 
mentioned the dispersion of colloidal graphite 
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in w&ter {Atpuidag) or oil (Othlag) in the 
presence of the protective tannic acid; suelv 
preparations have valuable lubricating pro- 
perties, This process, invented by AcliesoQ 
(J. FranUin Inst. 1907, 1&4, 375], explains also 
the ancient Egyptian method of improving bncLs 
by means of infusions of straiv, as mentioned 
in Exodns, v. (Acheson, J.S C.I. 1910, 29, 246.) 

A further important application is the pre- 
paration of reversible metal sola by means of 
protalbic and lysalbic acids, two albumin 
decomposition products (Paal and Amberger, 
Ber. 1904, 37, 124 j 1907, «, 1392). The 
resulting sols may, in contrast to normal un- 
protected hydropbobic sols, contain high con- 
centrations of disperse phase, and on evapora- 
tion the protected soLd is left as a brittle, 
lostrous dark-coloured mass vhich disperses 
spontaneously in water to reform the metallic sol 
Protected metal eola such as coUargol are now 
used as mild anliseplica either externally or for 
intravenous injection. 

OsMono PsESsuRE OE CoixoiDs. — Since 
there is expenmental justification for assuming 
that the gas laws can be applied to colloidal 
systems, it should be possible to calculate osmotic 
pressure from the normal e<luation P^RT^, 
•where n is the number of disperse particles pet 
unit volume and -V Avogadro’a number. At the 
factor n is inversely proportional to the sue of 
the particles, It is obvious that the osmotic 
pressure of a sol ahould increase with degree of 
^persion. With bydrophotne sols N is large i 
compared with n and the value of the osmotic 
pressure correspondingly small j thus with a 
typical, dialysed gold sol the osmotic pressure 
msy be only a few mm. or cm. of water and the 
corre^nding freezing.point depression or rais- 
ing 01 boiling-point undetectable. Calculations 
of the apparent molecular weights of colloid 
particles by this means arc rarely practicable. 
Osmotic pressure measurements on hydrophobic 
sola are further invalidated by the relatively 
large influence of foreign substances and 
especially of active electrolytes, as tbe value ofn 
in tbe equation above represents tbe sum total of 
particles fionic, molecular, or colloidal) present. 
According to the micellar theory which we have 
already c^cuased, ions are a necessary factor for 
tbe stability of colloid systems and so even when 
all impuntiea are removed by dialysis the osmotic 
effect 13 not due entirely to the colloid particles. 
Where allowance has l^n made for the ionic 
part of the micelle, reprodncible results have 
been obtained in some cases. The most im- 
portant work on this subj'ect is that of W. Biltz 
(Z. physikal. Chem. 1910, 68, 357) and of 
Duclaux (J. Chim. phys. 1909, 7, 403), who 
was one of the early champions of the micelle 
theor}'. In the dialysis of hydrophobic sots the 
osmotic effect u often noticeable as an absorp- 
tion of water within the dialyser although here 
again the effect may bo due to electrolytes. In 
hydrophilic sob, the particles are usually of 
smaller size than those of bydrophoWc sols, 
hence n is larger and the osmotic pressure 
generally measurable although still too small 
to moke frcezing-pomt depressions significant. 
The chief difliculties and inaccuracies in the 


interpretation of osmotic pressure results with 
hydrophilic colloids at© the effect of cleelrol) tes, 
the presemo of decomposition products (of 
proteins, etc }, a swelling pressure due to 
solvation and » lack of knowledge as to the 
degree and uniformity of dispersion. Except 
in a few special cases there is no reason for sup- 
posing that the sol particles are all of the same 
magnitude and hence the “ physical ” molecular 
weight calculated from osmotic pressure data ta 
only an average value. 

1C as IS generally tbe case, osmotic pressure is 
measured by means of a semi-permeable mem- 
brane, yet another compLcation may bo intro- 
duced by the so-called Donnan equilibrium 
effects, due to uneven electrolyte distribution. 
This membrane equilibrium phenomenon was 
worked out iti the first instance for true coUoidsl 
electrolytes such as Congo red, one of whose ions 
can penetrate the membrane while the other 
cannot, but, as the micellar hypothesis suggests, 
the treatment can be extended to colloidal soU 
in general. If Congo red sol bo regarded as 
consisting of giant colloidal ions which are 
incapable of diffusing through negative Congo 
red membrane and of equal numbers of mobile 
Na'*’ ions, then jf there is pure water on the other 
aide of tbe membrane, each Na'*' ion which pens, 
tratea will cause a molecule of water to dissociate 
80 as to provide a compensatmg OH** ion, the 
corresponding H ion tending to diffuse through 
tbe membrane, thus replacing tbe original 
ion of tbe Congo red. This phenomenon is known 
as membrane hydrolysis. If there is a solution of 
sodium chlonde on the other side of the mem- 
brane from tbe congo red sol, some of the salt 
will diffuse through to the sol, but tbe concentra- 
tion of sodium chlonde will bo less there than 
outside. Tbe actual concentrations on either 
side of the membrane can be calculated by 
thermodynamical reasoning, it being assumed 
that tbe activities of the diffusible components 
are tbe same on both sides of the membrane. 
This unequal electrolyte distribution gives rise 
to a potential difference — the membrane 
potential— and there is an osmoti© pressure 
difference between the two compartments. A 
considerable number of measurements of mem- 
brane potentials have been made which agree 
fairly well with the calculated results. For a 
full discussion of this subject, see Bolam, “ The 
Donnan Equilibria,” 1932. 

TnB Size and Shape or Colloidal Pab- 
TICI-E3. — It is not possible to measure the size 
of a colloidal particle directly in tbe ultra- 
microscope, but an approximate measure may 
be made by counting the number of particles 
present at a given time in the field. The 
volume of this small portion of sol can be cal- 
culated and, knowing the concentration of tbe 
sol. It is a simple matter to determine tbe average 
size of the particles assuming that they are 
spherical or possess some other simple shape 
and that the density of the cLepersod substance 
is the same as in the solid state. When the sot 
particles are too small to be seen in tbe ultra- 
microscope. Zsigmondy’s nuclear method (Z. 
physikaL Chem. 1900, 56, 65} msy sometimes 
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be applied. In this method advantage is taken 
of the fact that in the preparation of, for example, 
a gold sol, formation of the dispersed particles 
by reduction requires a finite time during which 
the solution is supersaturated with regard to 
gold. If a number of amicroscopic gold particles 
are added, the gold is deposited only on these 
nuclei, which thereb 3 ' grow to a size sufficiently 
large to be counted in the ultramicroscope. 
Knowing the concentration of gold in the 
amicroscopic sol, it is thus possible to calculate 
the size of the original particles. A rough 
indication of the size of colloidal particles is also 
obtained by the use of a series of ultrafilters of 
different pore dimensions as already described. 
Many other methods have been attempted though 
generally with little success, but Wo. Ostwald 
and Quast (Kolloid-Z. 1929, 48, 83, 156) have 
succeeded in calculating the size of particles 
of dye suspensions by a diffusion method. They 
were able to demonstrate the variation of particle 
size with the solvents used. 

The normally prepared colloidal sol contains 
dispersed particles of widely varying size and 
is thus termed polydisperse, in contrast to 
isodisperse sols possessing particles of uniform 
size. Although the former is by far the most 
important tj'pe in practice, it is often important 
to prepare isodispersions for theoretical investi- 
gation. Here differential ultrafiltration is of 
considerable use and Zsigmondy’s nuclear 
method can also be used in specific cases. A 
further method due to Oden, makes use of the 
fact that the greater the size of the particles 
the smaller is their stability and the more 
sensitive are they to coagulating influences. 
On addition of a quantity of electrolyte in- 
sufficient to coagulate the whole sol, therefore, 
only the larger particles are removed. By 
preferential coagulation Od4n was able to pre- 
pare a series of sulphur sols of different particle 
size and properties. Perrin succeeded in 
separating a gum mastic sol into a number of 
isodispersions by centrifuging at different speeds, 
and in the hands of Oden and T. Svedberg, 
Sedimentation has become by far the most 
important method of determining particle size 
and weight of colloid aggregate. This is dis- 
cussed in the next section. 

The shape of colloidal particles has received 
a good deal of study by Freundlich and his 
school, who find that they can generally be as- 
signed to one of three classes, namely approxi- 
mately spherical (all axes of same 
length), disc-shaped (platelets) (one axis much 
shorter than the other two), and rod-shaped 
(2 axes much shorter than the third). The 
last two tj-pes of particles are double refracting, 
possessing an anisotropy due to shape rather 
than an intrinsic molecular anisotropy. Such 
a particle only produces diffraction in the ultra- 
microscope if its length lies in the plane of 
vision at right angles to the incident light; 
otherwise it is invisible. As the sol particles 
are in motion the result is visible as a peculiar 
twinkling effect. Normally the particles are 
distributed irregularly throughout the liquid, 
but on stirring they arrange themselves with 
their long axes parallel to the stream lines so that 
streaks appear. This tjqie of behaviour is 
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shown by many dj'e suspensions, by vanadium 
pentoxide sol, proteins, etc. Rod and disc 
particles can be distinguished by means of 
polarised light. 

Several interesting observations have been 
made as regards the shape of sol particles, one 
of which is the change of shape which often 
takes place on keeping ; thus the particles of a 
freshly precipitated ferric oxide sol are spherical, 
but age to discs mth a corresponding change in 
optical and other properties ; the micelles of 
many other sols change from spherical to the 
rod shape on standing. Another property 
which has been explained on this basis is that 
of red gold sols to turn to blue during coagula- 
tion. This was at one time ascribed to aggre- 
gation, an explanation which became untenable 
when it was discovered that gold particles of 
widely different size all turned blue, although 
the final blue particles of one sol could be much 
smaller than the initial red ones of another. 
It has now been found that the particles of red 
gola sol are approximately spherical while 
those of the blue sol are disc-like. 

There are several other properties closely 
connected with the shape and orientation of sol 
particles, amongst which may be mentioned the 
phenomenon of stream double refraction. 
Freshly prepared vanadium pentoxide sol con- 
taining spherical particles does not exhibit the 
property, but after a few days the liquid which 
gives no image when at rest between crossed 
Nicols, shows a bright field when stirred ; this 
is known as stream double refraction. The rod- 
like particles of a vanadium pentoxide sol may 
also be orientated by an electric current or a 
magnetic field, the rods arranging themselves 
in the direction of the current or of the lines of 
magnetic force. 

X-ray diffraction methods have been applied 
to colloidal systems with some success. It was 
early found that a reversible protected gold sol 
when evaporated to dryness yielded a powder 
which was essentially crystalline, exhibiting the 
normal gold pattern, and later many actual 
sols were shown to consist of ciystalline particles. 
It has already been stated that sols prepared 
by^ the interaction of concentrated solutions are 
initially amorphous, but age to cry'stalline, 
precipitates. This is a general effect, it having 
been shown that amorphous particles tend 
to result whenever formation has been very 
rapid or temperature, and hence molecular 
mobility, low. In general the disorderly 
arrangement of molecules which characterises 
truly amorphous material (in contrast to the 
many pseudo-amorphous or microcrystalline 
materials, such as charcoal) tends to disappear 
and is replaced by a regular crystalline lattice. 
Thus, most freshly precipitated metal hydroxides 
are truly amorphous and exhibit no X-ray 
diffraction pattern, but on standing for a few 
hours at room temperature or for a few minutes 
in boifing water, a characteristic pattern is 
developed. In fact just as solids can be 
crystalline or truly amorphous, so can the 
molecules of liquids be distributed at random, 
as is normally the case, or regularly orientated, 
as with liquid crystals. 

It has been sboun that many substances 
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normaDy considered amorphous such as roblwr that of htlix ha;mocyanin being 5,000,000. The 
give characteristic X-ray diagrams when ultracentnfugal method has been extended to 
stretched. There is a critical temperature above sols which are on the borderlme of true solutions, 
which this change will not take place and which that of sodium eosinate, for example, which just 
rises with the degree of stretching. Stt Weiser, begins to exhibit colloidal properties, having a 
“ The Hydrous Oxides," 1936 ; Faraday Society molecnlarweightof 1,380, andeven the heavy ions 
discussion on liquid crystals (Trans. Faraday of c*8ium can he made to forma sediment. The 
Soc. 1933, 29, 881) ultmcentnfuge will certainly find increasing nso 

Seddievtatiok A'VD THE Ultracestbitdqe. in the future in spite of the high cost of installs- 
— According to Stokes’ law, all particles of a tion. Its biological applications are important, 
given size m a well mixed suspension should fall it being found that viruses, etc., possess remark- 
at the same rate under the influence of gravity, ablywell defined ultramicroscopicsiie and shape. 
Thus each size-group is deposited at a unifonn Sosie Pbopesttes of Hydbopiiilio Sols — 
rate and each decrease in the total rate of sedi- A great deal of information has been obtamed 
mentation mdicatea that some size group has from the study of the viscosity-concentration 
just completed its deposition. If the velocity relationship m disperse systems Einstem 
of aedimcntation m a liquid of known viscosity deduced the following expression : 
is measured, a determmation of the size of the _ ,, , « 

suspended particles may be made, andmforma- ’Ir— ’7o(i+*o9) 

tion obtamed as to the heterogeneity of the where q* is the viscosity of the system, ij# of 
system. Oden (Proc. Hoy. Soc. Edtn 1916, 32, the continuous phase, and ^ the proportion by 
219) used an automatic device to measnte the volume of the disperse phase. The viscosity 
accumulation of a sedimenting suspension on should thus vary linearly wnth the concentration 
the pan of an accurate balance immcrBcd in the of the sol and be independent of particle size, 
system (see alto Svedberg, J Amer. Chem Soc For mechanical suspensions, Emstein's law is 
1933, 4S| 943). obeyed fairly well, but for hydrophobic sols 

Aa sedimentation proceeds, the accuinulation the nse in viscosity is greater than that which 
of particles on the bottom produces a local the equation predicts, probably indicating that 
increase m osmotic pressure, resulting la a the factor ^ has. owing to hydration, adsorption, 
tendency to upward diffusion of the particles etc .ahighcr value than the volnmeoftheactual 
so that an equilibnum state is eventually set substance dispersed The viscosity of hydro 
up with s. gradually decreasing concentration philicsolsismuch greaterthan thatofthehvdio- 
upwards in the absence of dutorbiog factors phobic sols If Einstein’s law u to bold, the 
such as convection currents, as was shown volume of the disperse phase m such a system 
experimentally by Pemn for gamboge and must be enormously greater than that of toe dry 
mastic suspensions. This is iioular to the mole- colloid. This u one of the strongest a^ments 
culat distribution of the earth's atmoapbeiv, ut favour of the soWation theory of fyophilie 
which becomes less dense at high altitudes colloids which has already been ducuued. 

These gravity observations are only apphcablo When the dry lyophilic colloid is placed m the 
to coarse suspensions, but the method has been dispersion medium (e gelatine in water) it 
extended to highly Aspersed colloidal sola by commences to swell to several times its original 
the development of Svedberg's ultracentnfuge volume by taking up water. Such a swollen 
(see numerous papen by Svedberg in J. Amer. gel then disperses directly m water if the 
Chem. Soc, also KoUoid Z. 1930, 51, 10). temperature is raised, the viscosity of the sol 
Refined centrifugal methods with high speeds generally mcreasing for some time afterwards, 
of rotation enable the force apphed to the mdicatmg that solvation is still taking place, 
particles to be waned ao that at the maximum ot To account for these facta it la assumed that 
44,000 r.p m. it is 1 10,000 tunes the force of the total volume of disperse phase has mcreased 
gravity. Owmg to the persistence of vision, an many, and m some cases several hundred, times ; 
apparently contmuouJ view of the sedimentation many substances (e g. agar) in concentrations of 
can be obtained and the process followed visually Jess than 1% can take up the whole of the disper- 
or photographically. Only a few e c. of liquid eion medium to form pseudo-aobd geb. This 
are required for a determination, and equihbmm hydration is not entirely due to direct attach- 
is established rapidly. ment by the colloid molecules; a large part 

The apparent molecular weight of a Faraday ofitconsiata in the entramment and immobiLsa- 
gold sol has been shown to bo about 1,300,000. tion of molecules of dispersion medium by 
Much smallet particles may be measured by intertvining crystals and filaments of the 
means of the ultracentnfuge, and the moat gel aubetance. On the addition of electrolytes 
interesting results are those obtamed for the to bydrophiLc sols, the first small amounts 
proteins, a surprisingly large number of which, which also neutroliso the charge decrease the 
includmg egg and serum albumin, serum viscosity considerably ; further quantities have 
globulin, legumin, hsmoeyamns, etc., are Iso- little effect. The surface tension of water is 
disperse. I’olj disperse protems include gelatin, generally lowered by the dispersion in it of 
casein, lactalbumm. fibnnogen. ovoglobulin, hydrophilic colloids. 

etc., all of which are unstable and show varying Hydrophihc colloids may, under certain 
dispersity with time. Egg albumin has a mole- circumstances, be mdaced to separate into two 
cular weight of 34,500 and other proteins have immiscible liquid pliases, each of which contains 
molecular weights that are multiples of this a different concentration of disperse phase — a 
amount (Svedberg, Nature, 1929. 123, 871). The phenomenon discovered by de Jong and Kruyt 
bemoejanina have very high molecular weights, (KoUoid Z. 1930, 60. 39) and termed by them 
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coacervation. This happens, foi; example, on mechanically retained. Further evidence against 
the addition of alcohol or other organic or the one-phase gel theory comes from the ultra- 
inorganic liquids to protein sols at 50°. As in the microscopio resolution of many such systems, 
case of flocculation, a decrease in charge and in The results of modem research tend to the 
hydration is necessary to effect coacervation ; the conclusion that the gel substance consists of 
phenomenon is not readily treated from phase submicroscopic fibrils or threads -wliich may be 
rule considerations. Coacervation has con- either solid or viscous liquid, amorphous or 
siderable biological significance. See Bunen- crystalline in structure, and which are formed 
berg de Jong, “ La Coacervation, les Coacervates by partial coalescence of the highly solvated 
et leur Importance en Biologie,” Actualites hydrophilic particles which thereby enmesh 
scientifiques et industrielles, Paris, 1936. relatively large amounts of the dispersion 

Sol-Gel Tkansfobmation. — ^In the broadest medium. According to this viewpoint there is 
sense, a gel is a substance formed by coagulation no phase reversal on gelation, the dispersion 
of a sol, but the term is often restricted to the medium remaining the continuous phase and the 
transparent or opalescent continuous jellies fact that electrolytes diffuse in dilute gels as 
which are formed by the cooling or evaporation readily as in pure water becomes easily under- 
of substances such as agar or gelatine, dis- standable. 

continuous gelatinous precipitates such as those Some interesting work by de Jong {Z. physikal. 
of the metallic hydroxides being termed coagels. Chem. 1927, 130, 205) supports the flocculation 
It is probable that the distinction between the theory of gelation but shows that the electric 
two types is not fundamental and that in the charge and hydrationofanagargelarepractically 
latter case gelation is initially uniform, for by the same as that of the sol. The hypothesis 
choosing the correct conditions, uniform jellies has been developed that charge and hydration 
of ferric hydroxide, manganese dioxide, etc., can are not uniformly distributed on the surface of 
be prepared which, like silica gel, are produced by the dispersed material, but are collected in 
coagulation of the sol. strongly protected or hydrophilic regions. 

The hydrophilic colloids behave in very vary- leaving unprotected or hydrophobic centres at 
ing fashion as regards gelation. Thus gelatine which coagulation takes place. Protected por- 
and agar, which are chemically very different tions of the surface are thus left to form the 
(the former being a protein, the latter a complex wails of the capillaries of the resulting 
carbohydrate), both set to gels on cooling ; porous aggregates. It is also postulated that 
albumin sols do not do this, yet they are irre- on lowering the temperatures of a sol, a 
versibly coagulated on heating to 60° (cooking surface re-arrangement takes place, which 
of eggs). Stfil another type of behaviow is results in an increased number of hydrophobic 
sho^vn by a dispersion of cellulose nitrate in centres. 

benzene and amyl acetate, which sets to a Gelation is a partial coagulation ; the process 
reversible gel when the temperature is raised to normally continues in the gel, the spongy walls 
70°. In the gelation of hydrophilic coUoids of adhering to one another at an increasingly large 
the gelatine type, the temperatures of setting number of spots, the gel thereby shrinking and 
and melting may be widely separated ; this squeezing out the water enmeshed in the capil- 
hysleresis in the case of agar is as much as 45°. laries. This spontaneous shrinkage of a gel 
Melting and setting temperatures tend to accompanied by exudation of liquid was noted 
approach one another when increasing time is by Graham and termed by him syneresis. Some 
allowed for gelation. Gelation is usually pre- gels such as silica gel show increased syneresis 
ceded by a great increase in the viscosity of with rising concentration, while others (gelatine, 
the sol and, as there is no break in the viscosity agar, dyes, etc.) behave in the opposite manner, 
curve, it is generally assumed that the process. It has already been stated that when a 
unUko crystallisation, is continuous. It may hydrophilic substance is placed in water, it 
be, however, that the normal increase in vis- swells owing to hydration. The phenomenon 
cosity with temperature decrease, combined with of swelling has been erroneously described as the 
the elastic effects which come into play as the reverse of syneresis, but the former is due 
gel is formed, may mask any discontinuity. An to the taking up of bound water, the latter to 
experimental indication of discontinuity has the liberation of mechanically held water. While 
been noticed by Hatschek (Kolloid-Z. 1929, 49, in syneresis the volume of gel-f water remains 
244) who found that gas bubbles in a setting sol, constant, swelling is accompanied by a decrease 
which are originally spherical, suddenly become in total volume, probably due to orientation of 
lenticular. the adsorbed water molecules resulting in a 

There has been an attempt to explain the closer packing than the random distribution in 
properties of gels on the assumption of their the normal liquid state. During the swelling of a 
being homogeneous, one-phase systems ; this hydrophilic colloid considerable pressure is pro- 
hypothesis has the support of Loeb, Pauli, and duced ; this is probably an important factor in 
Porter, but is not wholly satisfactory. In a the growth of plants. 

recent paper, Hatsehek (Trans. Faraday Soc. The effect of electrolytes on the swelling of 
1936, 32, 787) has shown that the colour of hydrogels is very marked, different salts be- 
gelatine gels containing cobalt chloride changes having according to the position of the anion in 
from pink to blue on drjung, when the water the lyotropic series ; thus citrates, tartrates, 
content of the gel is still 30%. Gels containing and sulphates lessen the amount of swelling of 
this amount of water or less form no ice on gelatine while thiocyanates and iodides increase 
freezing, so it may be concluded that this it to such an extent that the gel disperses readily 
percentage of water is chemically held, the rest at room temperature. Swelling is usually at a 
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minimum at the isoelectric poipt, both hydroxyl 
and hydrogen ions favouring the effect. 

Gels are often c l assified as elastic or ng>d« 
gelatine being a representative of the former 
and silica gel of the latter type. The diatinctioa 
is really one of degree, for although gelatine is 
distinctly more elastic than silica, the latter 
vibrates to give a musical note ■when the 
taining vessel is struck. 

A pecuLar gel-sol transformation whidi has 
been much studied of late years by Fretindlich 
and his collaborators, and termed him 
Ihixoiropy, is the “ hquefaction ” of gels by 
vigorous shaking, agitation, ultrasonic waves, 
etc. On laying the sol aside, gelation occurs 
once more, when the thixotropic effect can be 
repeated by shaking, etc. The rat© of thixo- 
tropic Bohdification of gels can be increased by 
suitable gentle movement which induces 
mechanical coagulation of the particles , this 
is termed rhtoptxy. The sohdification of 
I rheopectic substances is accelerated by wltra- 
) sonics of tbe typo which coagulate suapensions. 
Thixotropy was first demonstrated with a 
feme hydroxide gel and is shown also by pro- 
teins (e g. gelatine, although the effect is 
difficult to drmcmstrale in this system owing to 
rapid re-gelation), clays, paints, emulsions and 
protoplasm. £ven silica gel may be thixotropic 
under certain conditions These effects seem 
to be due to the type of packing of the aot or gel 
particles, the shape of which plays an important 
part. Thixotropic sludges ere much used as 
drilling fluids in petroleum bonng, and Freund* 
Lch has demonstrated that the properties of: 
quicksands are due to a similar effect, sU the I 
quicksands examined containing fimte quantities | 
of thixotropic clays. 

The action of ultrasonic wares on disperse 
systems has recently received a good deal of 
study. Weak ultrasomcs seem first to onentate 
the particles of suspensions or sols If these are , 
rod- or plate-shaped. Secondly, coagulation of 
tbe coarser particles of any shapo t^es place 
by accumulation at nodes or antinodea Higher 
energy ultrasonics may have dispersmg effects 
and are capable of emulsif^g liquids, liquefying 
thixotropic gels, etc. •, tnis is ascribed to the 
collapse of cavitation in the liquids. 

Tire Dispzese Fhxsz Bulk. — A great deal 
of wor\ has heen devoted recently to the study ' 
of equilibria between gels and other colloidal 
solids and the dispersion medium. Although 
tbe solubiLty of a crystalloid in water is inde- 
pendent of tbe total amount present, this is not 
true of the dispersion of collaidal substances. 
In general the amount of solid substance dis- 
persed or peptised vanes with tbe amount of 
solid phase present, reaching a maximum for 
medium quantities. This relationship was 
termed by Wo. Ostwsld the “BodenkSr- 
perregel,” generally translated as solid-phase 
rule, but as it is appLcable also to disperse 
systems where the discontmuous phase u not 
solid, disperse-phase rule Is a more suitablename. 

Excellent obedience of this rule is shown by 
many dyes {«/. acid dyes and the solid-phase 
rule. Wo. Ostwald. Kolloid-2. 1936, 70. 291). the 
“ solubility ’* of which Increases to a maximum 
with increasing amount of dye to a constant 


amount of water and then falls again as the total 
amount of solid still further increases. 

The full significance of tbe disperse phase rule 
la not yet realised. Several explanations in 
terms of adsorption have been proposed, but 
none are sufficiently broad to cover aU the 
phenomena of the type. Investigation of the 
effect of the total amount of gelatine present 
on its specific swelling and spontaneous dis- 
solution in pure water shovs that vanation is 
doe to soluble impuntiea in tho gel which dis- 
solve in water to form a solution, tho concentra- 
tion of which depends on the total amount of 
sohd present •, such solutions, as above stated, 
have a great influence on the degree of swelling 
and may explain the disperse-phase effect 
in thia case. Although with quite pure sub- 
stances It may not always hold, the disperse- 
phase rule IS of great practical significance with 
the ordmary materials of industry. 

Descriptions of researches on disperse-phase 
equihbnum will be found m tho KoUoid Zeit- 
achnft from 1927 onwards ; amongst tbe most 
important investigations of systems in which 
the rule holds, tbe following may be mentioned : 

(a) The “dispersion" or peptisation of gels, 

spontaneously dispersing colloids, coarse 
suspensions (eg. BaS 04 red lead, 
charcoal. CaCOj in ammonia, etc.) 

(b) The BtabilisatioD and catapboretie velocity 

of suspensions (e g. tbe migration 
velocity of charcoal particles mcreases 
with increasing electrolyte concentration 
for a given amount of charcoal, and with 
increasing amount of charcoal for a 
constant electrolyte concentration). 

(c) Emulsification of oils itbe amount of oU 

emulsified by a given amount of alkali 
in a given volume of aqueous phase is 
maximum for medium amounts of oil). 

(d) Swelling of gels. 

Toe Emcr or HrnBOPitiuc Colloids ox 
Solubilitt, CnysTALLisa'nox, and Chemical 
Reaction. — I t has been stated above that a pro- 
tective colloid such as gelatioe prevents the 
coagulation of hydrophobic colloids— preserves 
a htgb degree of dispersion. Gelatine might be 
expected to have a similar retarding effect on tbe 
aggregation of ions or molecules to form sohd 
precipitates or crysta'is. In fact avJoproled'tonis 
the inhibiting effect of hydrophilic sols on tbcir 
own cryatalliMtion, with tbe result that a more 
or less colloidal solid mass is formed ; good 
examples of this are given by the soap com- 
pounds and many biochemicals. It is some, 
times possible, under special conditions, to obtain 
these substances in a cry stallme form. ‘ 

Gelatine and other hydrophilic sols may pre- 
vent the aggregation of molecules or dispersed 
particles of normally insoluble substances, thus 
producing an abnormally great supenaturation. 
Tbia effect has been studied by Hedges and 
Henley, J.C.S. 1928, 2718) with lead iodide, 
and many examples have been noticed by the 
present author. Whether the supenaturation is 
due to the prevention of aggregation of mole- 
cules. or whether a Urge numMr of colloidal 
particles have been formed but not allowed to 
grow, is not yet clear. It Is certam, however, 
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that the solubility of substances in hydrophilic 
sols and gels is often abnormal. 

The work of Tamman and his pupils has shown 
that crystallisation is essentially controlled by 
two factors, first the rate of aggregation and 
orientation of a few ions or molecules to form 
crystal nuclei, and secondly the rate of growth 
of these nuclei at the expense of the material 
stiU in solution. If the former process is quicker 
than the latter, the result is a mass of small 
crystals ; if rate of crystal growth is greater than 
that of nuclei formation, a few large crystals are 
produced. 

The presence of a hydrophilic sol or gel may 
modify either or both of these factors. First, 
the protective influence of the colloid may 
prevent growth, and result in the deposition of 
a mass of microscopic or colloidal crystals, or 
even in supersaturation. On the other hand, 
in a gel the crystallising solution is free from 
mechanical and convection disturbances and so 
each grooving nucleus comes into contact with 
fresh solution slowly and regularly by means of 
diffusion only. In the absence of the protection 
effect it would he expected to find large, well- 
formed crystals. This is the case in silica gel 
which has no protecting properties, Hatschek 
has produced large crystals of gold by 
reduction of gold chloride in this medium, and 
Holmes has grown crystals of copper, lead 
iodide, etc., of considerable size. This type of 
crystals growth in gels has probably played a con- 
siderable part in the formation of large mineral 
crystals in silica rocks. Crystallisation in gels 
usually has the further effect of modifying the 
crystal habit of the substance. Very often tree- 
like growths, characteristic of the crystallisation 
of thin films, are produced. Such, for example, 
are the numerous varieties of lead trees and 
spiral crystals described by King and Stuart 
(J.C.S. 1938, 642). There may also be a 
tendency towards sphemlite formation. This 
rounding of crystal contours is made use of in 
the addition of small quantities of gelatine to 
ice cream with the result that no sharp crystals 
of ice are formed and the product is smooth to 
the palate. The protective action of glue on 
crystal grorvth is illustrated in practice by the 
action of this substance as a retarder in the 
setting of plaster. 

A great many observations have been made on 
the precipitation of insoluble substances by 
reaction in gels. It is usual to carry out such 
experiments by mixing in a test tube a dilute 
solution of one of the reactants with the gel 
before solidification, and afterwards placing a 
more concentrated solution of the second re- 
actant above the gel. The substance in more 
concentrated solution diffuses into the gel where 
double decomposition takes place. It might 
be assumed that such a method of carrying 
out a precipitation in the absence of mechanical 
and convection disturbances, where the reacting 
substances mix only by diffusion and the 
insoluble product remains nhere it is pre- 
cipitated, would be ideal for quantitative study, 
but we have, unfortunately, no means of 
determining in what way, if at all, the gel 
modifies the course of the precipitation. It is 
found, houever, that precipitation reactions in 


capillai^ tubes and in porous solids are similar 
to those in gels, and as chemical reaction in 
gels is the rule in biological systems the matter 
is of considerable importance. 

The precipitate formed by reaction in a gel 
may consist of an apparently continuous mass, a 
limited number of large and discrete particles, a 
cellular structure, or a series of bands or discs of 
precipitate separated by clear spaces. Frecipi- 
,tates of the last type, known as Liesegang rings, 
have been widely studied and are difficult to 
explain by means of any one theory. For an 
authoritative account and bibliography of this 
phenomenon, see Hedges, “ Liesegang Bings 
and other Periodic Structures ” (1932). 

Indtjstsiai. Applications. — ^W ith the rapid 
growth and increasing understanding of colloid 
chemistry, applications of its principles are to 
be found in practically every branch of science 
and industry. As all plant and animal organ- 
isms are colloidal in character, biological, 
medical, and nutritional sciences have to take 
account of the discoveries of the colloid chemist. 
The colloidal properties of humus, clays, zeolites, 
etc., enable them, by base exchange, to hold 
soluble salts which would otherwise be washed 
out of the soil and unavailable to plants. All 
fibres are of organic colloid origin, and thus the 
textile industries are colloid industries; especially 
so is the manufactru-e of artificial silk, in which 
nature’s colloids have to be imitated. Pre- 
dominantly colloidal materials are also used or 
prepared in the manufacture of soaps, detergents 
and wetting agents ; dyestuffs, films, cellophane 
and plastics ; synthetic resins, rubber, adhesives, > 
leather, tars, bitumen and asphalt ; lubricants, 
horticultural sprays, paper, paints, bread, 
butter and margarine; glass, ceramics and 
cements; absorbents, decolorising media, etc., 
etc. 

Bibliography. — ^Wo. Ostwald’s “ Theoretical 
and Applied Colloid Chemistry ” (Wiley) 
is a stimulatmg, general introduction to the 
subject. Hatschek, “ Colloids ” (ChurehiU) is 
more detailed, and Hedges, “ Colloids ” 
(Arnold, 1931) gives a non-mathematical treat- 
ment of the subject on modem lines. Von 
Buzagh, “ Kolloidik ” (Steinkopff, Leipzig, 
1936) gives a brief, systematic treatment, 
Bechhold, “ Einfuhrung in die Lehre von den 
Kolloiden ” (Steinkopff, 1934) is a collection of 
clearly-written articles by different authors, and 
Taylor, “ Physical Chemistry,” Vol. 2 (Jlacmil- 
lan, 1931) contains a useful section with exten- 
sive references. More comprehensive mono- 
graphs include Jerome Alexander, “ Colloid 
Chemistry, Theoretical and AppMed ” (1926- 
1935), Freundlich, “ Kapillarchemie ” (Akad. 
Verlag, Leipzig), Zsigmondy, “ Kolloidchemie ” 
(Spamer, Leipzig). Eeference should also be 
made to the “ Colloid Symposium Monographs,” 
edited by H. B. Weiser, whose “ Inorganic 
Colloid Chemistry,” Vols. I, II and III, 1938, and 
to reports of the Faraday Society discussions on 
colloidal subjects (e.g. “ Colloidal Electrolytes,” 
Trans. Faraday Soc. 1935, 31, 1 ; “ Fogs, Smokes, 
etc.,” ibid. 1936, 32, 1042 ; “Polymerisation,” 
ibid. 1936, 32, 3; “Colloid Aspects of Textiles,” 
ibid. 1933, 29, 1. 
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COLLOPHAN ITE. A colloidal hjdnted 
phosphate aod carbonate of calciam forming an 
important constituent of phosphorites and rock- 
phosphates. It is amorphous and optically' 
isotropic, and forms concretionary masses 
resembling opal or gum in appearance, with a 
Titreons to resinous lustre and a conchoidal 
fracture. The material may be opaque or ' 
translucent to nearly transparent, and the 
colour ranges through colourless, white, yellow, 
brown, and reddish. An earthy Tanety is 
known as momte. Sp gr. 2 69-2 77 (of monite 
2-1) ; hardness 4J ; refractive mdex 1-569- 
1-612. A. Lacroix (1910} gives the formula as 

*tCa,(P04),]-(-yCaC0j+aH,0 
it(CaF),Ca,{P04),]+yCaC0j-t-iHi0 
which includes also the variety called fiuoeollo- 
phanile. W T Schaller (1011) gives tbeformula 
as 9CaO SPjOj CaO COj-HtO-i-nH.O. The 
mineral is found in three classes of uepoeits - 
m guano deposits, havmg been first recognised 
in the guano of Sombrero, Weat Indies , in 
pocLeta of phosphorites j and in the pbosphatic 
nodules and coprohtes of eedimentaty rocks 
ranging m age from the Eocene te the Silurian. 
Material of the last of these modes of occur- 
rence frequently contains fluonne in addition 
to carbonate and phosphate, and is diatingiusbed 
as fiuocollophanite. 

L.J S. 

COLLORGSIN v Celluiose Pusnes 

COLOCYNTH, BiUtrapplt. Colcc}fnthi4, 
"British Fharmacopceia" : deleted from 
"United States Pharmacopccia," XI, 1930. 
(Ft. Coloquinte } Ger. KoloqutnU.) 

The dried pulp of the fruit, freed from eeeds, 
ol Ctlrvttus Cola^lkta Schrader (Fam Cucurbi- 
tacen), a prostrate perennial of the gourd family, 
inhabiting the warm, dry distncts of the Old 
World — India, Persia, Arabia, Syria, and the 
African and European shores of the Mediter- 
ranean. It IS cultivated in Spam and Cyprus. 
(Cy. Bentl. a Tnm. lU) 

Tbo "British Phaimacopceta ’’ demands that 
not more than 3% of fixed od be extracted by 
petroleum spirit, and that the ash bo not more 
than 8% The two chief varieties imported are 
Turtey and Spanish coloeynth, of which the 
former b the w hiter, the nchci in pulp and the 
more esteemed. 

ColocjTith was well known to Greek. Roman, 
and Arabian medicme, and in the form of solid 
extract enters into msny of the purgolivo piUs 
of modem pharmacy. It is a drastic purgative, 
rarely used alone. Small quantities of the 
extract have sometimes proved fatal ; the 
powdered drug irritates raucous raembnuies. 
The purgative action is said to depend on two 
substances, ono of which is alkaloidal ; neither 
has been isolated. For inactive constituents, 
see Power and Mooro (J C S. 1010, 97, 99). 

a.B. 

COLOGNE YELLOW r.CiiBOinrot. 

COLOPHONY. Colophony, or common 
rosin, usually termed simply rosin, is the 
residue obtained by the removal of the essential 
oil from the olco resin derived from vanous 
species of pine, chiefly Pinus australis, P. tada, 
P. pinasUr, anil P. laneio. The principal source 


ofsapply is the United States, a certain amount 
coming from France and Russia. There are 
vast areas of pioe trees in India, and there are 
great possibihtiea of development of the roam 
indu<t*y there. As the trees are exhausted 
without equivalent afforestation in the United 
States, the gathering grounds spread further 
afield, and fresh species of pine arc met with, 
so that the American rosin is the product of a 
number of species In the United States the 
oleo-*«m or turpentme is coUected by what 
18 known as the “ box ” system. The trees are 
“ boxed ” in autumn and wmter, that is, excava- 
tiooa of characteristic shape are made in the 
trunks about S in. shove the ground. These 
“ boxes ” bold from 5 to 10 lb. of the exudation. 
The bark is cut away for about 3 ft. above the 
box and the wood is scored with grooves leading 
to tbo box The exudation commences about 
the following March and goes on till about the 
midd^o of October, The tappng Lfe of the tree 
vaneo from 5 to 6 years. 

In France, a different method of collection is 
used, ^uwn aa the enpa and giAlet sysVem. 
The production is confined to the Landes district 
and tbe pots attached to the pine trees is a 
familiar aight to travellers in that locahty. 
The principal tree used is Pinus pinaiter. 
The Meo rosin exudes from the tree from March 
to o^fober from incisions made with an axe. 
This incision is known as the “ carre ’’ and is 
kept open by removal of a thin ahee every week 
aodies<radually extended to about 12 ft from the 
grouiid. Small guttere made of galvanised iron 
are ^xed so as to lead the oleo resin into a 
small oup or pot nailed to the tree at a suitable 
point- 

Tho tree used in India is the “ chlr," Pinas 
Icnqtfotia, and collection is similar to the French 
method. If the trees are lightly tapped in 
Franco or India they may have a tapping life of 
30to40year9, but if they are" tapped to death " 
(gemtnage h mort) their active life may be only 
5 to 6 years, when they are felled for limber. 

The oil of turpentine is distilled off from the 
oleo rosin, and the residual sohd matter, which is 
melted and stramed into barrels, is the ordinary 
rosin of commerce 

Colophony comes mto the market graded 
a.ccording to colour. That sold under Mark A 
IS nearly black, and numerous quahtics exist 
until that marked W.W is “ water white ” 
ixMin of the finest quality. It is a brittle sub- 
rtaneo with a glassy fracture, soluble in ether, 
chloroform, light petroleum, acetone and 
alcohol. It IS soluble in most volatile and 
fixed oils It softens at about 76'^ arid is com- 
pletely melted at 120®-135“. As it is the 
cheapeat commercial resin , it is never 
adulterated. It consists almost entirely of a 
free acid or mixture of acids, partly in the 
form of an onhjdnde. The pnncipal acid is 
termed abictic acid (q v.) A small amount of 
ester* may bo preecnt. The analytical characters 
of roam are as follows : 

Specific gravity at 15®=1 W51-1 085. 

Acid value»I50-17S. 

Ester value«»7-20. 

Iodine value (IIubl)-I18~123. 

Unaaponifiable matter—4-0%. 
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The iodine value determined by the Wijs 
process is nearly double that found by the 
Hiibl process. The former gives very variable 
figures if the conditions, such as time and 
temperature, are varied, ■whereas the Hiibl 
value is far less dependent on small changes of 
conditions, and is therefore the better figure for 
a standard, as it is for resins generally. 

A useful test for rosin in other substances, 
such as shellac, is the Storch-Morawski 
reaction. About O-l g. of the substance is 
dissolved in 10 c.c. of hot acetic anhydride; 
the mixture is allowed to cool and a little sul- 
phuric acid of specific gravity about 1.53, is 
allowed to flow down the side of the test-tube. 
In the presence of 1% or less of rosin, a red- 
violet-purple colour appears at the junction of 
the liquids, which spreads to the whole of the 
sulphuric acid layer. 

An even more delicate test for colophony is 
one based on that originally devised by Halphen. 
A solution of 1 part of phenol in 2 parts of 
carbon tetrachloride is prepared. A very small 
amount of the substance to be tested, or an 
extract of the same with trichlorethylene, is 
mixed -with a small amount of this solution, 
and the mixture placed on a white tile adjacent 
to but not in contact ■with it is placed a few 
drops of a freshly prepared solution of 1 c.c. 
of bromine in 2 c.c. of carbon tetrachloride. 
The bromine vapour is allowed to drift over the 
solution — a wave of the hand is sufficient — 
and in the presence of rosin a pale blue to 
strong ■violet colour appears at the edge of 
the spot, which slowly spreads. So little as 
0'1% of rosin in a mixture can thus be detected, 
and with 0-5% the colour is intense. This 
reaction is known as the Halphen-Hicks 
reaction. 

Rosin is used as the basis of cheap varnishes 
and of resinate driers in the paint and varnish 
industry, in the manufacture of cheap soaps, 
and for sizing paper. It is also used for the 
manufacture of rosin oil, and for most purposes 
for which resins are used. Its friability and 
lack of resistance to wear and weather in 
varnishes render it a poor substitute for the 
harder and better class- resins. It is used as an 
adulterant of shellac. 

The chemistry of colophony is a question of 
considerable difficulty, and cannot be said to be 
entirely settled yet. So much is historical, 
and a great deal of the older published work has 
been shown to be erroneous, that only the 
recent work which is well established need be 
dealt with. References, however, to some of the 
more interesting of the historical papers will 
be found below. 

The complexity of the “ rosin,” or as they are, 
unfortunately, often termed “ resin,” acids 
(which name will be used here, as it has been 
used in so many publications), together with the 
fact that rosin from different pine trees contains 
different acids, and also that methods of treat- 
ment or so-called isolation have frequently 
altered the character of the acids, have made it 
exceedingly difficult to even compare, much less 
reconcile, a good deal of one observer’s work with 
that of another. 

To-day it may be said that the “ pine resin 


acids ” are all fairly closely related, in so far 
as they all appear to be built up on a hydro- 
phenanthrene skeleton, and on the basis of tbe 
isoprene rule. The principal acid, which is the 
main constituent of American rosin, is abietic 
acid. This acid is found in both the dextro- 
and the l»vo- varieties, and the two acids are 
probably true optical enantiomorphs — shaving 
identical structural constitutions. Of the acids 
known as pimaric acid, 1-pimario acid is closely 
related to abietic acid, but in what exact 
manner is not yet clear. 

It is unfortunate that the names l-pimaric 
and d-pimaric acids have been retained, as 
d-pimario acid is certainly not the optical iso- 
meride of i-pimario acid. The elucidation of 
the structure of abietic acid, C 20 H 30 O 2 
(C„H2,C00H), is chiefly due to Ruzicka 
and his associates. The same is true in regard 
to dextro-pimario acid (11. Abietic Acid). 

Reference may be made to the following: 
C. E. Soane, Bibliography (J. Oil. Col. Chem. 
Assoc. 1922, 5, 320), in which everything of 
importance up to 1922 is quoted; Ruzicka 
and his colleagues (Helv. Chim. Acta, 1922 6, 
581 ; 1923, 6, 677, 1077-1096 ; 1925, 8, 632-636 ; 
1924, 7. 875; 1927, 10, 915; 1931, 14, 645; 
1932, 15, 1300, 1289, 915; 1933, 16, 169); 
and R. D. Haworth (J.C.S. 1932, 1784, 2248, 
2717). 

Bacon and Ruzicka (Chem. and Ind. 1936 
55, 546) have now thro-wn some doubt on their 
formula for abietic acid. Recent work on 
i-pimario acid has sho^wn that the possibility is 
not excluded that conjugation does not exist 
in abietic acid, and that therefore the position 
of the double bonds may require reconsideration. 

E. J. P. 

"COLORADO” CRUCIBLE v . Assay- 
rso. 

COLORAN B7. A highly sulphonated 
product of a fatty oil used as a wetting-out 
agent. 

COLORIMETERS and COLOUR 
COMPARATORS. The name “colori- 
meter ” is applied somewhat loosely to any 
instrument in which the observer has ■to arrange 
a colour match in a photometric field, irre- 
spective of the kind of information which is to 
be derived from this colour match. Strictly, 
the name colorimeter should be confined to 
instruments designed to effect measurement of 
colour, that is, to provide numbers, charac- 
teristic of each colour tested, by means of 
which colours may be classified and their 
relations to one another exhibited ; it should 
not be given to instruments in which the 
readings give no information about the observed 
colour, a colour match being used merely as a 
criterion for the measurement of something 
else, say the concentration of a solution. Instru- 
ments of this kind are better described as 
colour comparators. Unfortunately, the exist- 
ence of well-established trade names makes 
it impracticable to adhere consistently to this 
distinction in referring to proprietary instru- 
ments, but the distinction in function should be 
borne in mind, and the first section of this 
article will deal with true colorimeters, instru- 
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ments Those primaiy function is the quantita- 
ti>e study of colour qua colour, Thile the 
second part will deal with colour comparators, 
whose primary (and usually only) function is 
the measurement of something other than 
colour. 

Colorimeters — ^Thc different colour sensa- 
tions which light may excite in the normal 
human eye arise from differences in the spectral . 
distribution of energy in the radiation entering' 
the eye, or, mors briefly, m the snectral quality of 
the stimulus. The theory of the relations 
between the physical stimuli and the colours 
observed w ould carry us outside the scope of the 
present article ; eufflee it to say that the essential 
properties of stimuli which determine whether 
or not they will produce a visual match ate 
found to be functions of three independent 
variables. Three independent numbers are 
necessary to specify, quantitatively, the match- 
ing properties of any stimulus, and any two 
stimuli, whether physically similar in spectral 
composition or not, which have all three 
numbers equal, will produce visual effects 
identical both in colour and bnghtnesa This 
fact necessarily has its ongm in some triple 
atrueture of the receiving mechanism in the 
eye. Little w known of the physiological cause 
of this tnpUcity, but the fundamental variables 
may be regarded as the degrees of stimulation of 
threo independent seta of receptors, differing 
from one another m their relative sensitivities 
to the various parts of the spectrum Differ- 
ences in the relative degrees of stimulation of the 
threo receptor systems arc recognised as i 
differences in colour : differences m the actual 
degrees of stimulation, without change in the 
relative degrees, are recognised as differences 
in intensity or brightness. Any two stimub, 
whatever their spectral composition, which 
produce the same degrees of stimulation, both 
relatiic snd actual, in the three receptors, appear 
identical both in colour and brightness ; the 
eye can analyse no further. 

It is not easy to ascertain the values of these 
fundamental van.vbics chaiactemtic of any 
stimulus, rortunately, it is not necessary to do 
so in order to measure colour. If the visual 
i alucs of all stimuli in terms of the tbree funda- 
mental lanablcs were known, it is obvious that 
merely by solving aimultaneous equations these 
variables could 1^ eliminated and any or all of 
the stimuli expressed in terms of any three of 
them. This shows that it u possible to express 
the vbual properties of stimuli in terms of 
variables which arc simply quantities of three 
other stimuli. Thu being so, it should be possible 
to effect direct determination of those quantities 
without troubling about the fundamental 
variables, and this is m fact done in the typo of 
invlnimenl now to bo described. 

Tfie 1 TiehromaUe ColorirneUr consists in 
principle of a matching field one side of vvhich is 
illuminated by the stimulus being measured, the 
other Bide being illuminated by a rontrallable 
mixture of three standard stimuli, which may 
consist of monochromatic radiations obtained 
apcetroscopically. or may be produced by 
passing white fight through colour filters. If 
the colours of the three standard stimuli are 


well chosen it wiU be found that the great 
majority of other stimuli can be matched 
exactly by a suitable mixture of the three 
standards. The quantities of these standards 
used m any match are indicated on the scales 
of the instrument. 

These scale readings do not, however, afford a 
convenient comparison of the quantities of the 
three standards. In comparing quantities of 
light of different colours it is desirable to 
express them m units the significance of which is 
independent of the peculiarities of construction 
of any particular instrument. Any choice of 
units IS arbitrary, and there are numerous 
alternative systems from which selection could 
bo made In the system most widely used, 
because of its practical convenience, the 
quantities of the three standards which are 
required to match a standard vrhite {ste later) are 
regarded as equal. Measurements are converted 
to this basis by multiplying the observed scale 
readings by suitable numerical factors, usually 
termed the uhilt light faetorg These factors are 
eaeily obtained from the scale readings observed 
when matching the standard white Quantities 
baaed on this conv ention arc said to be expressed 
in Inchramatie untlg Hereafter, any reference to 
iho scale readings of a tnchiomstic colon- 
meter will not mean the numbers directly 
observed on the scales of the instrument but 
the equivalent numbers on the trichromatic 
bases obtained on reduction by the white light 
factors. 

In order to measure the colour of a specimen 
of material under a given illumination, which 
may or may not bo the standard white light on 
which the scale factors are based, tho light 
reflected from the specimen, if opaque, is intro- 
duced to the test field of the colonmctn and 
matched in colour and brightness by a suitable 
mixture of the instrument standards Denoting 
the standards by A. D, and C, and the quantities 
(reduced scale readings) required to match the 
specimen, S, by a„ l„ and e,. The quantity of 
toe light from 8 present m the field of view , w hen 
evaluated on the same sjstem as tho standards, 
must be equal to the total quantity of tho 
light m the comparison field, and the result 
of this colour match is expressed in tho 
equation : 

(crj+h|4-r()S=ff(A-l-h|B-l- c^C 
Dividing both sides by the total quantity tho 
proportional composition of one trichromatic 
unit of the light from S is 

S=aA-l-fiB-f-yC 

where etc. The quantities o, 

p, ami y, whose sum is unity, are termed tho 
trtekromalie eorfficientg of fa in terms of the 
standards A, B, and C, and tho property which 
they define is termed tho eolour-quahl;/ of S. 
Colour quality as thus defined is intlopendenl 
of intensity. It depends on the constitution 
of the light and not on its amount. It Is 
possible therefore to have materials exhibiting 
the same colour quality but differing m bright- 
ness. For instance, a Lright jellow and a dark 
brown may have the some colour quality, but the 
former may reflect ten to twenty times as much 
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of the incident light as the latter. Any Wo 
materials related in this way can be made to 
look alike by increasing the intensity of illumina- 
tion of the darker specimen (or diminishing that 
of the lighter) until the absolute amounts of 
light reflected from each are equal. However, 
objects are not normally compared in this way ; 
our ideas of their appearances are based on 
comparisons under the same intensity of 
illumination, and brown is therefore regarded 
as a different colour from yellow. In order to 
define the colours of materials completely we 
must measure not only colour quality but also 
the property which determines their relative 
brightnesses. For this purpose it is necessary 
to adopt a standard of comparison, and the one 
now adopted in standard practice is the bright- 
ness of a magnesium oxide surface, prepared 
by smoking a silvered plate over a magnesium 
flame. The brightness of this surface when 
illuminated at an angle of 45° and viewed 
normally (or vice versa) closely approximates 
to that of a perfectly reflecting, perfectly 
diffusing surface, and is given the value unity. 
The ratio of the brightness of any material to 
that of the magnesium oxide standard under 
the same intensity of illumination is termed the 
brightness factor of the material. In order to 
determine the brightness factor we utilise the 
same observations as for the trichromatic 
coefficients, but require in addition to make a 
similar measurement with the magnesium 
oxide screen in place of the specimen. Denoting 
the reduced scale readings for this match by 
“nil and cm, the following equation expresses 
the quantity equation in trichromatic units : 

{fl)n+ bjn+ OmA-t- 6(nB+ CmO 

whilst for the specimen under the same illumina- 
tion it was : 

(a j-b Cj)S = Of A-b C 

The ratio of the quantities of light reflected 
from the specimen and the magnesium oxide, 
expressed in trichromatic units, is therefore 
(“«+ ^’s+ Cs)/(am-b 6m+ <hn) • If brightness factors 
were only of interest as part of a colour measure- 
ment, this would be the most convenient way of 
evaluating them ; but brightness factors are 
frequently measured by photometric methods 
for purposes unconnected with colorimetry, 
and it is desirable that they should always be 
evaluated on the same basis. In calculating 
brightness factors from colorimeter measure- 
ments it is necessary to obtain the result in 
ordinary photometric units. Quantities of the 
three standards which are equal on the tri- 
chromatic basis would not be equally bright. 
It is possible, however, to determine, by appro- 
priate experiments the relative brightness, or 
luminosity, of trichromatic units of the three 
standards. If these be in the proportion : Lb : 
Lc ; then it is evident that the brightness 
factor of the specimen expressed as a photo- 
metric ratio is : 

(^5Lx-b bgJjji -b CgLc)/(ff Lx-b bmltB-h emLo) 

The colour quality equation and the brightness 
factor (usually expressed as a percentage) 


completely define the appearance of the 
specimen under the kind of illumination for 
which the measurements are made. 

If the three standard stimuli of a trichromatic 
colorimeter are chosen at random it will be 
found that although many colours can be 
matched by suitable mixtures of the standards 
there are others which cannot. This applies 
to every possible set of standards, but by a 
suitable choice it is possible to secure that the 
great majority of the colours of commerce can be 
directly matched. For this purpose the most 
suitable standards are saturated colours the 
hues of which match the hues of the spectrum 
in the red at wave-length about 0-63/i, in the 
green at wave-length about 0'53^, and in the 
blue at wave-length about 0-455ft. 

Even then, however, there are some colours 
which cannot be matched by any combination 
of the standards. In such cases it is always 
possible by adding some one of the standards 
to the colour under test to obtain a modified 
colour which can be matched by the other two. 
The result of this process, when the various 
quantities are all collected to the appropriate 
sides of the equation, is to give an expression 
for the colour quality of the specimen in which 
one of the trichromatic coefficients has a 
negative sign, for example, 

S=aA-j5B-byC, 
where a— )3-by=l. 

In order to meet such cases and render the 
instrument universally applicable, it is necessary 
in constructing a trichromatic colorimeter to 
make provision for throwing light of any of 
the three standard colours into the side of the 
field normally occupied by the test colour alone. 
Failure to make this provision in the early 
instruments greatly restricted their utility 
and prevented them from becoming widely used 
for scientific or industrial purposes. 

The fact that the three instrumental standards 
arc always red, green and blue has given rise 
to a popular beUef that red, green and blue are 
primary colours, from which all others may be 
built up. As has been seen, this is an erroneous 
supposition ; there are no three colours from 
which all others can be produced, though red, 
green and blue in combination can match a 
very large proportion of the colours of material 
objects. A secondary consequence of the general 
use of red, green and blue standards is that it is 
customary to denote them in colour quality 
equations by R, G, and B, instead of by the more 
, general symbols here used. 

For many years the only universal tri- 
chromatic colorimeter obtainable commercially 
has been the Guild colorimeter (J. Guild, Trans. 
Opt. Soc. 1925-26, XXVII, 106). In this 
instrument the three standards are obtained by 
passing light from an opal-bulb gas-filled lamp 
through specially selected red, green and blue 
filters fitted in annular openings provided with 
adjustable shutters by which the efiective 
length of each opening can be controlled. The 
light transmitted by these openings is gathered 
by a rapidly rotating periscopic prism which 
combines the three coloured beams- on the axis 
of the optical system associated with the 
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tftatclijBg field. When tfee speed of TOt&Uon 
ia sufficiently rapid, fliclcer dWppears, and a 
steady field is observed. Its colour is a Buxtaie 
of the three standards. The relative amoonts of 
red, green and blue in the mixed stimulus 
are proportional to the lengths of the corre- 
sponding apertures, and are read from scales 
attached to each shutter. Fig. 1 is a diagram* 
matio new of the essential parts of this colon- 
meter. CD IS the penscopie pnsm which rotates 
about the optic axis DE, along which ultimately 
passes the light collected by the peripheral end 
of the periscope as it rotates past the annular 
windows shown in the end view. Fig. la. The 
specimen under test is mounted at S. Light 
from it enters the window I and passes through 
an oblique plate of clear glass J to the matching 


cube F. The field of view provided by this 
cube is a square subtending about 2° at the 
obeervation pupil H, and divided into two 
honzontal portions, one of which is illuminated 
by the beam from S, while the other contains 
the matching stimnlus. The transparent plate 
J, which crosses the test beam, serves to aopcr- 
impose on this beam some additional light of 
' the same colour as the red, green or blue 
standard, which may be required, as already 
indicated, when measuring a colour one of whose 
tnchromatic coefficients is negative. This light 
is collected by the nght*angled prism L, passes 
to SL vhieh reflects it through a small aperture 
m the wall of the instrument to the lens K 
and plate J, at which part of it is reflected 
along the same path as the beam from the 

S— ir- 



Fio. 1. 


specimen S. Between the prism M and the i 
aperture can be fitted one of three fillers I 
similar to those used for the standards. The i 
light superposed on the test field can thus be ^ 
given the colour of any one of the standards. I 
An ann_Iar photometric wedge N serve* to 
adjust the intensity of the beam to the required 
amount. This wedge and also the three mam 
shutters are operated by control knobs outside 
the instrument. 

Recently another tnchromatic colmimeter, 
designed by R. Donaldson (Proc. Fhraical Soc. 
1935, 47, 1008), has been placed on the market. 
The pnnciples of operation are the same as in 
the Guild instrument, the main differeDoein 
design being in the method of nixing tbe three 
standard colours. In tbe Donaldson colorimeter 
the Lght entering by the three coloured apertores 
is concentrated by a Urge condensing lens in a 
small opening in the side of a hollow aphere, 
the inner surface of which is coaled with 
magnesium oxide. The colours are tborougbly 
mixed by the multiple reflections to and fro 
inside the sphere, and bght from a small region 


of the surface, remote from tbe direct unraixed 
beams, is directed by a suitable optical system 
to the matching field. This instrument has the 
advantage that there are no motOT*dri%en 
parte. It is therefore silent in action and can be 
built on a lighter and more compact scale. Tbe 
provision for determining negative coefficients, 
and the auxibsiy equipment generally, are on the 
same lines as the corresponding features of tbe 
Guild instrument, 

Manfred Richter (Z. Technische Physik. 1038, 
19, 98) has described another tnchromatic 
colorimeter which m principle ia identical with 
tbe Donaldson instrument. 

A trichromatic colonmctcr in which the three 
standard stimuli consist of monochromatic 
radiations isolated speetroseopically has been 
constructed by tV. D. Wnght (Trans Opt. Soc. 
1027-28, 29, 225). This typo of instrument 
has the .advantages for some kinds of visual 
research that the standards are more diree^ 
defined in simple physical terms than standards 
obtained with colour filters and, also, there is 
less compensation of certain types of visual 
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abnormality, a point of importance -when 
the object of the 'vrork may be to reveal and 
study these abnormalities. This last feature 
is, however, a disadvantage in applied colori- 
metry, where it is desirable to eliminate as far as 
may be practicable the visual peculiarities of the 
observer. For this class of work instruments 
with filter standards are preferable. They 
provide better compensation of minor visual 
abnormalities in the majority of practical 
cases and are on the whole less liable to give 
trouble in the hands of semi-skilled observers. 

The trichromatic colorimeter, in one form or 
another, is the fundamental instrument on 
which all .colour measurement is based. It 
alone makes direct use of the three-fold relation 
between the physical stimulus and the observed 
colour imposed by the characteristics of human 
vision. The great generality of the method has, 
however, stood in the way of its adoption for 
industrial purposes until quite recent years. 
The fact that a colorimeter could be con- 
structed with any three colours as standards 
and that no two instruments were ever made 
alike in this respect meant that results obtained 
on one instrument were not comparable with' 
those obtained on another. The application of 
measurement to industrial needs requires that 
one set of standards shall be universally used. 
It would be unscientific, and in fact impracti- 
cable, to adopt the standards pecuMar to one 
instrument. Fortunately, there is no need to 
do this. 

The relations between colours exhibited by 
their values on any one triohromatio system 
necessarily originate in the relations between the 
excitations of the visual mechanism by the 
various stimuli, including the standard stimuli 
themselves. It follows that the values on 
systems with different sets of standards must be 
related, since the same phenomena of perception 
underlie them all. These relations are of a 
simple character and make it possible to convert 
colour values on any one trichromatic system 
to any other, and we may adopt a set of reference 
standards which are not necessarily incorporated 
in any actual instrument and convert the 
measurements made on any trichromatic colori- 
meter to this reference system. The results 
will then be strictly comparable with those 
obtained on any other triohromatio colorimeter. 
The theory of such transformations was first 
outlined by H. E. Ives (J. Franklin Inst. 1915, 
180, 673; 1923, 195, 23), and is given more 
fully by Guild (Trans. Opt. Soc. 1924-25, 26, 
95, 139). 

The first attempt to introduce this type of 
standardisation into colorimetry was made in 
Great Britain in 1925, when the National 
Physical Laboratory adopted as reference 
standards the three monochromatic radiations 
of wave-length 0-700 p, 0-5461 p, and 0-4358 p. 
To meet the requirements of commerce, systems 
of measurement must have international recog- 
nition. These standards did not meet -n-ith 
universal approval in other countries because of 
the existence of negative coefiBcients in the 
expressions for some colours. As already said, 
this feature is common to all trichromatic 
systems with real colour standards. It is. 


however, possible to invent imaginary standards 
which have no real existence, but which are 
related to a set of real standards by relations 
of the same kind as those which cormect two 
sets of real standards. By choosing suitable 
numerical coefficients in these relations we can 
define a reference system in which every real 
colour has all three trichromatic coefficients 
positive. In 1931 the Colorimetry Committee 
of the Commission Internationale de I’lSclairage 
adopted a standard system of this kind. Because 
the standards are not real colours, the common 
notation B, G, B was abandoned and replaced 
by X, Y, Z. The recommended symbolic form 
of the colour quality equation of a stimulus S 
on this system is 

S=a:X-byY-l-2Z, 

where a;-l-J/-t- 2 =l. In a practical case, x, y, 
and z are replaced by the appropriate numerical 
values. The National Physical Laboratory 
Report oil any trichromatic colorimeter sub- 
mitted for test gives the constants necessary for 
converting measurements made with the instru- 
ment to tbe International reference system. 

Standard scales of measurement are not in 
themselves sufficient to ensure unique results 
for the colour of any given material. The 
colour of a material cannot be dissociated from 
the quality of the illumination in which it is 
viewed. Most coloured objects appear different 
in daylight and artificial light. The kind of 
illumination must be specified for every colour 
measurement. Usually the term colour means 
colour by daylight, and comments, such as 
“ Purple objects look red in lamph'ght,” are 
accepted as reasonable because to most people 
a purple object is one which has that colour by 
daylight. This is regarded as the real colour of 
the object and its appearance in another kind of 
illumination, though it is just as real, is regarded 
as misleading. 

For ordinary purposes of classification colours 
are measured as seen in daylight. Daylight 
is not, however, a satisfactory light for use in 
colorimetry; it is neither sufficiently constant 
in intensity nor in colour. Artificial sources of 
definite and reproducible spectral composition 
are required. Further, one such illuminant is 
not regarded as sufficient to meet the require- 
ments of commerce, and the Commission Inter- 
nationale has established three, whieh are 
designated standard illuminants A, B, and C. 
The first of these is simply a gas-filled lamp 
operated at a colour temperature of 2,848°K., 
and is to he used for the colorimetry of materials 
intended principally for use indoors in artificial 
light. The second and third are obtained by 
combining with this lamp one or other of two 
blue filters consisting of suitable salts in solution 
in glass containers. Illuminants B and C are 
similar in spectral constitution to two typical 
grades of daylight, one rather yellower and the 
other rather bluer than the average in this 
country. For the commercial colorimetry of 
materials whichever of these three illuminants 
is most likely to be appropriate should be 
used, and whichever is used should be specified. 
Of course, for special purposes, special kinds of 
illuminant may be called for. 
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Tbe colours of many materials abo depend to a 
considerable extent on tbe angle of incidence 
of the light and tbe angle from vbtcli they 
are viewed. Here again, apecial cases «ill 
for special treatment, but it is desirable to bare 
standard conditions which may be assumed to 
hold unless otherwise stated. The Commission’s 
recommendation is that specimens shall be 
illuminated at 45° to the surface and viewed : 
normally to the surface. Where the pecubar 
nature of a matenal or the nature of a problem 
under investigation tequiiea departure from 
these conditions, those actually employed should 
be stated. 

When all conditions of measurement have 
been speciiicd, there is atill uncertainty in 
colour measurement arising from the variations 
of colour vision of observers Despite state 
ments which have been made to the contrary, 
any marked abnormality of vuion is easily 
detected, and no person with serious defects of 
colour vision should bo employed m colonmetiy 
There arc, however, minor differences m colour 
vision among observers who cannot be classed 
as defective, and these cause systematic 
differences in their taeasurementa One great 
advantage of the trichromatic method of 
colorimetry is that when the instruments are 
used in the proper manner there is considerable 
eompenaation of such systematic errors in the 
majority of practical cases, and the results are 
much less dependent on the observer than is 
genetallv supposed. Nevertheless, differences 
exist which, if not corrected, would seriously 
limit the utility of colour standardisation 
In addition to tbe other standards a 
standard observer is abo required, and the 
Comoiusion has defined such an observer by 
means of tables showing tbe results which he 
would obtain if he measured tbe various colours 
of the spectrum. These are based on tables 
prepared by Guild (Fhil Trans. 1031, 230, A, 
140} from measurements made by a number of 
observers ui investigations conducted separately 
by him and by W. D. Wnght (Trans. Opt. 
Soc. ]92fi~20, SO, 141). By means of these 
tables it IS possible to calculate tho colorimetric 
values which would be obtained by the standard 
observer for any stimulus of known spectral' 
energy distribution. In suitable cases, therefore, 
the standard values esn bo obtained for a spcci 
men by calculation. By having a few standard 
specimens of various colours caLbrated in this 
way an actual observer, by measuring these 
specimens, can determine tho nature and msgni 
tude of the corrections which his observations 
require. 

From tho economical point of view it is not 
feasible to use this method of calculation in all 
cases and dispense with direct measurement on 
colorimeters. The spcctrophotomctric measure- 
ments required for the indirect method roust be 
made with great accuracy, and if carried out on 
the usual typos of equipment, these measure 
menu, and the subsequent lengthy calculatiuns, 
occupy a time greatly jn excess of that required 
for a colonmetrio measurement. 1 or routine 
work the cost is prohibitne and the methwl can 
only be profitably employed for standardisation 
purposes. A. C. llanly (J. Opt. Soc. Amer. 


1929. 18. 00 ; 1935, 25. 305) has devised an 
fcutrument for performing automatically all the 
operations involved in the Bpectrophotometnc 
analyus of a epccimen and the calculations of 
its colorimetric constants for any of the standard 
lUuminants. The machine cannot be described 
in the space available here. Despite Its extreme 
complexity it appears to afford a satisfactory 
method of applying tho indirect method to 
routine colorimetry. Its necessarily high coat is, 
however, an obstacle to its widespread use, and 
it cannot at present be regarded as an easily 
available substitute for visual colorimeters. 

Another line of development to which atten- 
tion has been given in recent years is the 
substitution of the human observer by a system 
of photo electric receivers It is possible to 
design an instrument of this kind which will 
give directly the values of x, y, and z in the 
standard colour quahty equation of a specimen 
Without the auxibary calculations required when 
a visual colorimeter is used The theory of such 
an instrument is simple and is given fully in a 
paper on Colorimetry and its relation to PJioto- 
metcy by Guild (Trans Illuminating Engineering 
Soc. London, 1937, 2, 127), but the practical 
difficulties are great and there is not yet any 
aatisfactory photo-electno colorimeter on tho 
market. 

Meanwhile various instruments, whose indica- 
tions consist of tJie responses of a photo cell 
modified in spectral sensitivity by colour filters, 
have been put on tbe market as colonmeteca. 
In every case within the writer’s knowledge tbe 
claim to this title is unjustified, there being 
no attempt, successful or otherwise, to incor- 
porate any of tbe essential properties of a 
colorimeter. Such apparatus is not, however, 
without Its uses u) a colour laborato^. For 
example, for checking the accuracy of repro- 
duction of a colour for which the satno pigment 
IS always used, or for any other test in which 
identity of colour implies similarity of physical 
and chemical properties, the responses of a 
photo-cell used in conjunction with two or 
more colour filters provide a rapid and accurate 
means of determining colour equality. But if 
attempts with such apparatus be made to com- 
pare colours prepared from different materials, or 
oven from tbe same material by different 
methods of treatment, tho results may be most 
misleading. It cannot Lo too strongly em- 
phasised that in order to measure colour it is 
not sufficient to have an instrument tho readings 
of which vary with colour. Tho readings must 
depend only on colour and not on other factors. 
The same readings must nlw aj s be obtained for 
colours which are visually identical irrespective 
of whether tbe spectral constitutions _ of the 
stimuli aro similar or not. Further, it must 
never bo possiblo for the instrument to give the 
same readings for colours which arc not visually 
identical. Neither of these conditions can bo 
fuUilleil by a physical colorimeter unless the 
spectral sensitivity of the receiver, as modified 
by the various filters employed with it, i* 
correctly related to the properties of tlie eye as 
defined by the tables constituting the standard 
obsencr. Tho complete recommendations of 
the Ckimmusion Internationale de rEckirago for 
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colorimetric standardisation are given in 
Compte Rendu des Stances, 1931, of the 
Commission (Cambridge University Press), 
and also, together with an account of the 
derivation of the system and instructions for its 
practical application, in a paper by T. Smith and 
J. GuUd (Trans. Opt. Soc. 1931-32, 33, 73). 

From the nature of colour-quahty equations 
on the trichromatic system it is easy to exhibit 
the relations of colours by a diagram. In the 
equation S=xX+t/Y+ ,Z we know that 
so an explicit statement of the 
values of any two of these coefBcients implies the 
third and is sufficient to define the colour- 
quality. Colour- qualities may therefore be 
represented by points on a two-dimensional 
graph, using some pair of the trichromatic co- 
efficients as co-ordinates. In Fig. 2, for example. 


X 



the curved line is the locus of points correspond- 
ing to the various spectral colours for the C.I.E. 
standard observer, using the x and y coefficients 
of the standard reference system. The point E, 
for which a:=i/=J, represents the colour-quality 
of an equi-energy spectrum. The point A 
represents the colour-quality for which a:=0'3, 
y=0-5, and z (by implication)=0-2. A diagram 
of this kind has many uses. From its geo- 
metrical properties we can determine graphically 
the colour resulting from the additive combina- 
tion of any group of two or more colours in 
any proportions. Details of such calculations 
are given in some of the papers already quoted. 
The diagram is also useful for studying the 
changes of colour which take place during the 
fading of a pigment, or the variation of colour 
with concentration, and so on. For example, 
if the colour-qualities of a fugitive pigment at 
various times after the beginning of exposure to 
a fatog agency be plotted and the points so 
obtained be joined by a continuous line, the 
whole course of the fading process can be seen at 
a glance. _ It is also useful in such cases to plot a 
graph of the brightness factor against the other 
friable — time of fading, concentration, etc. 
VVith some pigments the change in fading is 
almost entirely a change of brightness factor 
^th little change of colour- quality; with 


! others the reverse is the case, while with many, 
I both the brightness and colour-quality change. 

' This method of studying colour phenomena has 
been much utilised in the research laboratories 
of the colour industries. 

Other types of colorimeter employing the 
principle of additive colour mixture have been 
described and used for special purposes. In 
some of these colours are matched by mixing 
white light with monochromatic light of suitable 
! wave-length, e.ff. the colorimeters of P. G. Nutting 
(Bur. Stand. Bulletin, 1913, No. 9) and I. G. 
Prest (J. Opt. Soc. Amer. 1924, 8, 173) ; in 
others by combining suitable pairs of mono- 
chromatic stimuli, as in the Vector colorimeter 
of Guild (Trans. Opt. Soc. 1925-26, 27, 139), 
and others which have since been developed on 
similar principles. All such methods derive 
their ultimate significance from the funda- 
mental trichromatic method, and results 
obtained by them can be converted to the 
standard trichromatic basis, and vice versa. 
None of these instruments is used in industry, 
as far as the writer is aware, and details of 
their construction is omitted from this article. 

A somewhat different method of colour 
measurement, which also in principle depends 
on the additive mixing of standard stimuli, is 
employed in the Ostwald system of colorimetry. 
In this system a colour is expressed by the 
equation C-l-W-fB=l, where C is the amount 
of full colour, W the amount of white, and B the 
amount - of black, expressed as proportions, 
required to match the colour. The “ full 
colours ” consist of a series of colours of fairly 
high saturation ranging in hue from the red 
of the spectrum through orange, yellow, green 
and blue to violet, and thence through purple, 
magenta and cerise back to red. These colours 
form what Ostwald terms the chromatic circle. 
A mixture of one of the full colours with white 
produces various degrees of paleness of colour, 
while admixture with black reduces the bright- 
ness. Important claims are made for this 
system, not the least of which is that it is the 
only system of colour specification which takes 
account of the psychological and Ksthetic aspects 
of colour. It may be stated, however, that 
these considerations are extraneous to the 
principles of colour measurement as developed 
in Great Britain and the United States and 
embodied in the international system. The 
subjective relations of dissimilar colours are the 
proper concern of the user of colour — the artist, 
architect, etc. — who aims at obtaining certain 
sesthetic effeets by his manipulation of colours ; 
but they are not the concern of the colorimetrist, 
who may only take account of those relations 
which are necessary and sufficient to provide a 
basis of classification fulfilling the fundamental 
requirements of measurement. The only sub- 
jective relation which is required, or which is 
permissible, is the relation involved in colour 
matching — that of appearing ahke both in colour 
and brightness. For practical measurement on 
Ostwald’s system examples of the standard 
■ full colours are necessary. These are generally 
supplied as specimens of dyed wool mounted on 
slides convenient for insertion in a suitable 
optical instrument. When the appropriate full 
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colour has been found by trial the coeffidenta 
in the Ostwald equation have to be determiDcd. 
The methods employed are somewhat com- 
plicated and are given in Part II of Ostwald’s 
Mok “Colour Science,” of which an Enghah 
translation by J. Scott Taylor has been pub- 
lished by Jlessrs. Windsor & Newton. Equip- 
ment for colonraetry by Ostwald's method can 
be obtained as accessories to the Zeiss-Polfnch 
photometer, to be described later u another 
connection 

In addition to the methods of colorimetry 
based on the additive combination of standard 
stimuli already described, colour matching can 
also be effected by passing white Lght through a 
number of colour filters in auccesaion The firat 
filter subtracts some of the spectral constitnents 
from the white Lght ; and what is left is robbed 
of something more by each succeeding filler, 
with corresponding changes of colour This is 
termed the subtracliie method of colour mixing. 
Colours formed in this way are in no aenso a 
mixture of the colours of the individual filters as 
u the caae with additive mixtucea. In a 
tnchromatic colonmeter, for example, all of 
the hght transmitted by each filter (if a filter 
type of mstniment is used) goes to the matching 
field and contnhutes to the colour seen there. 
The details of the spectral absorption of the 
individual filters are immatenal ; >( is their 
colours alone which matter With the aub- 
tractive method the eoloure of the individual 
filters are immatenal : it u the nature of their 
spectral absorption curves that matter. For 
example, a certain blue glass and a certain 
^Uow glass m senes may transmit green hght. 
nis happens because the blue glass transmits 
the blue portion of the spectrum, a considerable 
proportion of the green, and none of the red ; 
while the yellow glass transmits no blue, but 
varying proportions of the green to red region. 
The only part of the spectrum which noth 
glasses transmit is the green, and it is a common 
mistake to think that any blue filter and any 
yellow filter will give green m combination, as it 
would be possible to have two filters, identical m 
their colours with those just considered, which in 
combination would let through no light at all. 
This would he the case if the yellow filter, instead 
of transmitting a broad spectral region including 
the green and red, transmitted only yeUow light 
confined to a narrow range of wave-length. 
More must be known, therefore, about filters 
than their individual colours before the colours 
of subtractive combinations can be predicted. 
Each filter must transmit Lght to varying 
extents over a Urge region of the spectrum in 
order that some parts may be transmitted by all 
of them. Filters may be found with the 
necessary properties, and the first successful 
attempt to utilise this principle^ for colour 
measurement was made by J. W’. Lovibond 
(” Measurement of Light and Colour,” Geo, Gill 
& Sons, London) in the instrument known as the 
tintometer. In this ioatiumenl the hght from 
the specimen enters one side of the matching 
field while hght from a white diffusing surUce. 
after passing through various coloured glasses m 
series, enters the other. There are three sets of 
these glasses. In ajyxaranee they may be; 


numbly described as red, yellow and blue, the 
red having a tinge of blue in it. Each set 
consists of a senes of glasses of graded density, 
marked with a number proportional to tbs 
density. That is to say, the glass marked 10 
should have the same colour as ten glasses 
marked l.orofa glassmarked4and one marked 6, 
and so on. The numbers of the different sets 
are so related that a combmation of similarly 
numbered members of each set is of a neutral 
grey colour. In the ongmal form of the tinto- 
meter the glasses were suppbed separately 
and had to be selected and dropp^ into 
appropriate slots in the body of the matcbiog 
instrument, which was of a simple form, having 
aa comparison fields two rectangular slots some 
distance apart. The full set of glasses for use 
with this equipment contained 165 members of 
each senes, graded from 0 01 to 20 0, or 465 
glasses in all This degree of subdivision is 
superfluous, and in the roost recent model of 
the tintometer, known as the Bntish Drug 
Houses’ pattern, 60 red, yellow, and blue glasses, 
and 12 neutrals are supphed. These are fitted 
ID sbding frames in a matching mstniment, 
which has the comparison fields juxtaposed, 
giving greater accuracy of matching than the 
older models In using the tintometer an 
attempt is made to match the Lght from 
the sf^cimen by a suitaSle combmation of red, 
yellow and blue standards interposed in the 
beam from the standard white plate. If the 
brightness factor of the specimen u not too 
great this can be arcomphsbed. If the specimen 
IS too bnght to be matched in this way, neutrsi 
glassce are inserted in the beam from the 
specimen, the density bemg increased until it la 
possibio to effect a match with a combination of 
two standards in the other beam. The method 
of reduction of observations recommended by 
the makers is based on the foUowmg considera- 
tions. Any combmation of red and yellow 
glasses alone produces hues iutermediate 
between red and yellow, paasmg through 
orange red. orange and yellow-orange. Com- 
binations of yellow and blue pass through 
yellow green, green and green-blue, while 
combinations of red and blue pass through red- 
violet, violet and blue-violet Suppose a 
specimen matched by 6 0 red, 12 0 yellow and 
1 6 blue. The smallest of these numMrs is fint 
eubtracted from all, giving the result as 1 5 
plus 4 5 red plus 10 5 yellow. The 4 6 red is 
then associated with an equal amount of the 
yellow, yieldmg the resultant 4 5 units of orange, 
and, as the final designation of the colour, 1-5 
neutral plus 4 5 orange plus 6 0 yellow is 
obtained. If, on the other hand, it is necessary 
to darken the specimen with, say, 0 03 neutral 
and that this is matched by 4 5 red and 3 5 
blue, the 0 03 units of neutral tint are listed 
eenarately as brighlnesi while the colour ou the 
otner aide is analysed aa 3 5 violet and l-O 
blue. 

In the latest model of the tintometer the 
brightness adjustment is effected independently 
of the Zxivibond glasses. This enables the 
colour match to be mode with glasses from not 
more than two of the three series s id eliminates 
the use of neutral glasses. This modification 
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greatly increases the facility and accuracy of 
the measurement. The illuminant provided is 
the C.I.E. standard B, and the direction of 
illumination and observation are also those re- 
commended by the Commission. Any measure- 
ment made with this instrument can, of course, 
be converted to the C.I.E. trichromatic system 
hy calculations based on the spectral absorption 
of the Lovibond glasses. The necessary cal- 
culations may be made once and for aU, and 
the results incorporated in charts from which 
corresponding values on the two systems may 
he read directly. Such charts have now been 
prepared by the makers. 

Many special models of the tintometer for 
limited purposes are also made. These are 
suppUed with a small number of standard 
glasses specially adapted for the purpose on 
hand, such, for instance, as the measurement of 
X-ray dosage by the Sabouraud-Noire pastiUe 
method ; -the acid washing tests of coal tar frac- 
tions; the tests of petroleums and lubricating 
oils ; the evaluation of vitamin-content of cod- 
Uver oil ; or Nessler’s ammonia teat, and many 
others. It is probably in these restricted forms, 
where, owing to the small range of glasses re- 
quired, the apparatus can be supplied at a much 
lower price and in more compact form than any 
universal colorimeter, that the tintometer is 
most widely used. The degree of reproducibility 
of diiferent sets of Lovibond glasses, though by 
no means So good as is sometimes claimed, is 
nevertheless fairly satisfactory. Any Lovibond 
measurement can be converted to the C.I.E. 
trichromatic system by calculations based on 
the spectral absorption characterising the glasses. 

In the Eastman colorimeter, devised by L. A. 
Jones (J. Opt. Soc. Amer. 1920, 4, 420), the 
same principle of colour measurement is 
employed. The graduated series of coloured 
glasses used in the tintometer are here replaced 
by three coloured wedges which vary in density 
from one end to the other. The absorptive pro- 
perties of the wedges are similar to those of the 
red, yellow and blue series of Lovibond glasses. 

In concluding this brief account of colour- 
measuring apparatus and the principles on which 
they operate, it must be insisted that the 
successful application of colorimetry to the 
problems of industry is impossible without 
adherence to a rigorous system of standardisa- 
tion as regards conditions of test, and the form 
in which results are expressed. The degree of 
standardisation effected by the Commission 
Internationale de I’Eclairage, though not yet 
perfect, embodies the pooled experience of the 
standardising laboratories of the principal 
industrial nations. Their recommendations con- 
stitute a necessary mini mum, and should be 
strictly followed by everyone employing colori- 
metric methods in industry. New instruments 
should not be adopted because of ease of 
manipidation or precision of repetition unless 
they are designed to work under the standard 
conditions of the C.I.E., and unless it is possible, 
by suitable methods of conversion, to express 
any result obtained with them on the standard 
reference system. 

Colour Comparators. — Instruments of this 
class, often misnamed colorimeters, are mainly 


used for the estimation of substances in solution. 
The many specific tests of this kind to which 
colour comparators are applied in chemical 
and biochemical laboratories do not come 
within the scope of this article, which is con- 
cerned only with instruments and the principles 
of their use. One of the simplest devices for 
work of this kind is merely a series of test- 
tubes containing solutions of known and 
graded concentrations of the substance to be 
estimated. The solution of unknown concen- 
tration is put in a similar test-tube and visually 
compared with the tubes of known concentra- 
tion until that nearest to it in colour is found. 
This method is capable of surprisingly good 
results if the standard solutions are suitably 
graded and is still used in many laboratories. 
Nevertheless, more precise results are to he 
expected if an optical 
comparator is used, 
and such instru- 
ments have been de- 
signed. Many of the 
earlier forms were of 
crude design, and it 
is doubtful if they 
effected an increase in 
accuracy sufBcient to 
compensate for the 
extra complexity of 
technique. Omitting 
an historical resume, 
only typical instru- 
ments illustrating the 
various principles 
which are employed 
for chemical estima- 
tions by colour or an 
equivalent criterion at 
the present time will 
be described. 

Probably the best 
known instrument is 
the Duhoscq colori- 
meter, which is based 
on a principle also 
used in instruments 
by Patterson (J.S.C.I. 

1890, 9, 36) and 

Schreiner (J, Amer, 

Chem. Soo. 1905, 27, 

1192). Pig. 3 is a diagram of the optical 
system used in a modem model of the 
Duhoscq instrument. E is an eyepiece, focussed 
on the sharp edge of a Ulbricht-prism U, which 
consists of the major portion of a rhomb 
of clcM glass. Pj and P 2 are “ plungers ” 
consisting of glass rods with plane polished 
ends. These dip into cups Cj and Cj, the lower 
ends of which are plane-parallel glass plates. The 
plungers are fixed hut the cups can be inde- 
pendently moved up and down by rack and 
pinion ^ adjustments, scales being provided 
which indicate the distance from the bottom 
of each cup to the end of the plunger which it 
surrounds. M is a mirror, inclined to the plane 
of the diagram, which throws light vertically 
upwards. The beams passing through the cups 
and plungers follow the directions indicated 
by the broken lines, and illuminate the two 
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halvea of the field of view, which are sharpfy ftom which the wault is deduced. Here also, if 
divided by the top edge of the Ulbncht rhomb, the standard is of different material from the 
When both cups are empty the light losses m test solution, Deer’s law need only be true for 
the two paths are equal, so if the illuminatum ia the standard and not necessarily for the test 
properly adjusted the two fields will appear sotutvon. 

equally bright and the dividing line should be An alternative method of visual estimation, 
nearly invisible. A solution of known concen which has the advantage of requiring no 
tration is put in one cup, which is adjusted standard solutions except for the initial calibra- 
until the length of liquid column travera^ by twn of the apparatus, employs instead of a 
the light has some convenient value. The colour match a brightness match in approxi- 
solution of unknown concentration is put m fflately monochromatic Lght. The colonmetcr 
the other cup, which is racked up or down of van den Bergh and Grotepass is similar m 
until the two fields exactly match m colour design to the Dubostq except that a single rack 
If the unknown concentration is the same as and pinion adjustment moves both cups simul- 
that of the standard the match will occur when taneously, maintaining both liquid columns of 
the liquid columns are of equal length. If the equal depth One cup is filled with the test 
concentrations differ the lengths wiU differ solution and the other with the pure solvent 
and the unknown concentration la deduced A rotatable disc carrying five neutral filters 
from that of the standard by assuming Beer’s made irom gauze of known transparency is 
law that for a given colour the product of the fitted in the path of the beam which traverses 
concentration and the thickness of the absorbing the solvent, and above the eyepiece another disc 
layer is constant This, the normal method of carries eight colour filters transmitting only 
using the colorimeter, requires the preparation amall spectral regions. The depth of the 
of standard solutions of the test substance. If liquid columns is brought to some predeter- 
these are unstable, they must be frequently mined value, and the colour filter whose band of 
renewed. To obviate this need more per* transmission is nearest that part of the spectrum 
manent standards for various colorimetric for which the absorption of the test solution is 
estimations may be made from coloured glass, greatest is brought over the eyepiece The 
or from solutions of some other substance, fields now appear of the same colour but differ 
having the same colour as a specified con* tfl brightness The various gauze filters sre 
centrationofthetestsubstance. Suchetandards inserted in the comparison side until one is 
may differ in their spectral absorption curve found which gives the closest approximation 
from that of the test substance, m which to a brightness match Any residual difference 
case the colour match will depend on the in bnghtness is removed by a small adjustment 
observer's colour vision and on the spectral of the depth of the liquid columns. It will be 
quality of the illumination. Difficulties from observed that this method eliminates the 
the latter cause may be avoided by preparing absorption of the eolvent as both beams always 
and usmg the standards with an illumination of traverse the same thickness of liquid. The 
defiute spectral enern distribution, one of the relative sensitivity of these methods depends 
CLE. standards, ioc example. Standard on the nature of the spectral absorption of the 
illuminant B will give more sensitive colour test su^tance. In some cases a colour match 
discrimination for tno majority of estimations gives the more sensitive criterion of enneentra* 
than either A or C. tion and m others the monochromatic brightness 

In cases where the test solution does not match. It ia useful to be able to apply which- 
accurately obey Beer's law, there may be an ever of these methods is more sensitive in anv 
advantage in using standard solutions of some given case, and a Duboscq or Autenricth 
other substanK, even when this is not dictated colonmeter can be used by the second method 
by other considerations If a standard solution with the aid of a eel of colour filters and a 
of suitable colour can be prepared from con* series ofneutral filters, either of gauze, as used in 
stituents which do obey the law, we can reverse the van den Bergh*Grotepass instrument, or of 
the usual procedure and vary the depth of the lampblack in gelatine. Theexactequalityoftbe 
atandaid solution, maintaining a fixed specified bquid columns maintained in that instrument, 
depth for the test solution. though a useful feature, is not a primary require* 

Tbe AuUnrieth-Kdntgsberger colorimeter ment, and may be achieved sufficiently closely 
(Chem. Zentr. 1910, 1, 2032) operates on the by simultaneous mdependent adjustment of the 
same prinaple as the Duboscq, though the cups of a Duboscq type of instrument, 
matching arrangements are quite different. The Rul/ncApAolomefer {’■ Li'cbt und Lampe," 
Light enters the instrument by two horuontal 192S, No. 3) or Slupfio pholomeler, as it is alter* 
slits. Behind one of these is a parallel-sided natively termed, can be used for a wide variety 
glass cell containing the test solution, and of purposes including chemical estimations 
behind the other a long wedge shaped cell either by colour match or monochromatic 
containing the standard solution. The wedge brightness match. Its optical system is lUus- 
cell can be moved past the slit by a rack and trated In Fig. 4. Two beams of light, A and A', 
pinion adjustment, a scale indicating the thick, enter the instrument t-tn the lenses Ib. L/> 
ness of liquid traversed by the beam. The two and then pass through diaphragms D, B* 
beams are brought together by a suitable These diaphragms constitute the essential 
optical Bj-stem to illuminate the two halves measunsg part of the instrument. The aper* 
of the matching field. Beer's law, applied to tores are square and can be varied in size, 
the standard solution, provides the relation while still remaining centred on the two optic 
between colour, concentration, and thickness axes, by means of micrometer screws proiided 
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with large drums outside the box graduated to 
read the areas of the apertures directly. These 
areas determine the amounts of light which the 
apertures transmit. This light is collected by 
the field lenses Lj, Lj', and the two beams are 
brought together by the internally reflecting 
prisms P, P', to provide uniform illumination 
of the two sides of the matching field formed by 
the biprism B, the ridge of which is focused 
by the eyepiece E and constitutes the dividing 
line. A rotatable disc (not shown) contains 



eight spectral colour filters any one of which, or 
a clear blank, may be brought into positions 
over the aperture E. 

The instrument can be used either horizontally 
or vertically. In the latter case the fight beams 
are directed upwards by an inclined mirror 
fitted to the base. Eor chemical estimations 
by colour match special cells are supplied. 
These consist of tubular glass walls fused to 
optically plane base-plates and fitted with 
dipping covers which give definite fluid thick- 
nesses of 1, 10, and 50 mm., and a cell in which 
the thickness can be varied by a solid glass 
plunger which can be made to descend to 
various depths by rotation of the cover. The 
test solution is put in this cell and the standard 
solution in one of the invariable cells. The two 
fields of the photometer are made to match in 
intensity for white light. This can be done 
either by independent adjustment of the drums 
or by setting the drums to equal readings and 
adjusting the position of the illuminant until 
both fields are equally bright. The cells are 
then inserted in the beams (a suitable stage is 
provided) and the colour match obtained 
by varying tbe depth of the test solution as 
VoL. III.— 20 


with the Duboscq colorimeter. For the mono- 
chromatic brightness method two similar cells 
of equal depth, respectively containing the 
test solution and the solvent, are used. The 
most suitable monochromatic filter is inserted, 
and the intensity of the brighter field is reduced 
by operating the appropriate drum until a 
brightness match is obtained. 

Accessory attachments for various other 
types of measurement can be obtained for the 
Pulfrich photometer. Reference has been made 
earlier to its use in conjunction with the Ostwald 
colour standards. Description of these other 
functions of the instrument would, however, 
be outside the scope of this article. 

The monochromatic brightness matching 
method of estimation clearly reduces to a 
determination of the ratio of the transmissions 
of a specified thickness of the test solution 
and of the pure solvent for approximately 
monochromatic light within a selected wave- 
length range determined by the filter used. 
The method lends itself readily to accomplish- 
ment by purely physical means. An extremely 
simple method is to employ a photoelectric- 
ceU, of the rectifier t}rp6 commonly used as 
photographic exposure meters, and a quick- 
response galvanometer having a steady and 
reproducible zero. Cells containing the solution 
under test and the solvent are placed in succes- 
sion in the path of a beam of light from a small 
gas-filled lamp, such as a 60-watt motor car 
headlight lamp. The appropriate member of 
a set of spectrum filters is also inserted in the 
beam. The relative transmissions of the test 
solution and solvent for this light may be 
deduced from the ratio of the galvanometer 
deflections obtained. If care is taken to 
arrange the optical system so that the beam 
passing through the liquids is approximately 
collimated, and is not obstructed or scattered 
by the walls of the liquid cells, and so that the 
beam falling on the surfaces of the receiver is 
not displaced on interchanging the cells, very 
satisfactory results can be obtained. 

Photo-cells of the kind mentioned require no 
batteries or auxiliary electrical equipment. 
Various types differ greatly in spectral response. 
For this purpose those with selenium surfaces 
are best, as they have a fairly good response 
throughout the visible spectrum. Compact 
self-contained colour comparators employing 
rectifier photo-cells are now sold by several 
British makers; see article on Optical Instru- 
ments shown at the twenty-eighth annual 
exhibition of the Physical Society in January 
1938 (J. Scientific Instruments, 1938, 15, 
65). 

For tests of solutions the maximum absorp- 
tion of which is outside the visible spectrum a 
rectifier cell is unsuitable. If the absorption 
is in the infra-red, a thermopile may be sub- 
stituted for the photo-cell, and, for the ultra- 
violet, a photo-cell of the emission type, but a 
difficulty arises in the great scarcity of filters 
suitable for isolating narrow spectral regions in 
either the ultra-violet or infra-red spectra. 

Moll, Burger and Reichert (J. Sci. Instr. 
1935, 12, 148) have devised a “ spectroscopic 
absoiptiometer which can be used at any 
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part of the photographable apectrom. The 
essential parts are illustrated in Fig. 5. A 
source giving a continuous spectrum in the 
required spectral region is mounted about 60 cm. 
from the quartz lens L. The light transmitted 
by the lens is restricted by diaphragms to two 
circular beams of smaller diameter than tho 
cells C, O', which hold the teat solution and 
solvent. On eme^ng from the cells the beams 
are deflected to the sht of a spectrograph by 
the quartz rbomboidal pnsms P, P*. which are 
mounted one above the other. This slit is of 
special design, consisting of seven short slits in 
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line. One of the beams — that through the 
soWenb— vUuBiinatea a short sht about 0 5 
mm. square. The other beam Uhimiaates a 
eenea of six slits, each 0 S mm- long, separated 
by I mm , and varying in width from about 
0 5 mm. downwards, the width being halved 
at each step. Seven narrow spectra are therefore 
obtained at one exposure. One of these is of the ' 
light transmitted by the test solution, the other 
BIZ, which vary in density in accordance with 
the widths of the slits, is of the hght transmitted 
by the eolvent If at a particular wave length 
the photographic density m the test spectrum is 
found to be the same as that in the comparison 
spectrum from a slit tho w idtb of which is only a 
quarter of that of the test sht, it can be deduced 
that the illumination pec umt area of the com* 
pan^on beam is four times as great as that of tbe 
test beam, and that tbe relative transmission of 
the solution to that of the solvent is, therefore, 
25%. Tho use of a micropbotometer for 
determination of plate densities is rccom* 
mended. This not merely increases the accuracy 
of the compansoD, but enables mterpolation 
to be performed. For work m tbe ultra-violet a 
source giving a coutmuoua ultra-violet spectrum, 
such os a high intensity hydrogen lamp, must 
be employed. The photographic method is not 
nearly so convenient as visual methods, or 
direct-reading physical methods, but u prac- 
tically the only one which can be satisfactonJy 
used u tbe ultra-vioIet region of the spectrum. 

J. G. 

COLOUR AND CHEMICAL CON- 
STITUTION. Tho sensation of colour is 
produced by tbe action on tho letma of tbe eye 
of some portion of white bght which baa been 
scattered through the agency of a medium by 
which the Ught has been dispersed either 
refraction or dunng transmission. Of theseventy 
or so octaves of the electromagnetic spectrum 
which have been mapped, only one, namely, that 
between 3,900A“ and 7,600A*, represents the 
visible spectrum, or, m other words, the retina 
is only senaitiie to wave-lengths within the 


5LOOR COMPARATORS. 

octave, ^7hita hght need not be altered in 
any way by reflection or transmission from or 
through a medium and may thereby be quite 
unaffected. On the other hand, certam irre- 
gnlaritiea of surface or certain properties of a 
solution may lead to tbe absorption of a portion 
of white light causing tbe rays refracted or 
transmitted to have colours which are com- 
plementary to those which are absorbed. 

Such colour, which may be termed “ physical 
colour " because it is produced by physical 
means and is entirely independent of chemical 
etructure, is shown by a vanety of natural 
substances, such as blue eyes, the coloured 
feathers of a bird, the brilliant green reflex of 
the wing cases of certam beetles, tbe colour 
of butterflies’ wings, and of tbe rainbow. This 
type of colour can always be recognised, for 
example, m a bird's feather, by the fact that 
tbe colour is only produced by diffraction, and 
disappears when the object is viewed by 
traiumittcd light. There », however, a type of 
colour which may be regarded as chemical in 
origin, that is to say, it is produced by intra- 
molecular interference such as that already 
mentioned. It is, therefore, dependent on 
molecidar structure, that is to say, on chemical 
constitution, and is the type of colour with 
which this article deals This kind of colour 
abo occurs naturally as bxmin, the colouring 
matenal of blood , as cbloropbyl, the colouring 
matter of green grass and as most of tho colours 
found in coloured flowers. These last can be 
extracted bom the object m which they occur, 
usnally as glycosides, in which the pigment 
IS present in combination with one or more 
molecules of a monosacchande. 

It was clearly understood that tho distmction 
between the dmerent kinds of colour mentioned 
in this article is made merely as a matter of 
convenience; there is, of course, no real difference 
between them except in tho method of 
production. Moreover, there is no sharp 
division in the matter of their natural occur- 
rence, because tbe feathers of certain parrots 
have been found to contain extractable pig- 
ments. A chemical substance appears coloured 
when it gives definite absorption bands m the 
visiblo region of tho spectrum, the colour being 
compounded of tho colours which remain 
after those represented by the absorption bands 
have been removed. A blue colour is given, 
therefore, by a substance which gives an 
absorption band in the red, yellow, and green— a 
red c^our by one showing absorption m tbe 
blue end of the spectrum. 

It is obvious, however, that phenomenon of 
this kmd cannot bo confined to the single octave 
representing the visible spectrum, but must be 
spread over the whole range of the electro- 
magnetic spectrum. Unfortunately, we have no 
means of detecting absorption ^nds outside 
the visible region, except m tho ultra-violet 
so far aa it is susceptible to the photographic 
plate, and in tbe infra-red so far as they can 
be detected by heat, measurements. There 
must, therefore, bo a wide range of substances 
outside the visible region, which since they 
give no absorption in this region are apparently 
colourless, but on account of the fact that they 
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give absorption outside the visible region are 
to be regarded as possessing “ invisible ” 
colour, or, in other words, colour that cannot be 
detected by the eye. 

The hydrocarbon benzene (CgHj) is a case 
in point. This substance shows little absorp- 
tion throughout the visible region of the 
spectrum, and therefore appears colourless 
to the eye. If, however, a photograph is 
taken in the ultra-violet region it is found 
that definite marked absorption bands occur, 
meaning that if the eye could detect waves in 
this region benzene would be strongly coloured. 

It is assumed that this absorption is caused 
by the rhythmic interchange between the two 
“ Kekule ” individuals I and U, which repre- 


I. n. 

sent the formula of benzene, and accounts 
for its symmetrical properties as well as its 
stability. It is common to all derivatives in 
which this interchange is possible. If, however, 
the interchange is restricted as, for example, 
when benzene is oxidised to quinone, the ultra 
violet absorption is influenced, and the absorp- 
tion thrown into the visible region of the 
spectrum thus producing colour. Taking, there- 
fore, two comparable examples in hydroquinone 
and quinone, there is in the one the rhythmic 
vibration due to the benzene structure, and in 
the other the absence of such vibration and the 
occurrence of colour. 







OH 



OH 


OH 

^ -Heductiou 



Oxidation 



Ehythmlc vibration producing Rhythmic vibration pro- 
ultra-violet absorption but ducing absorption in 
no visible colour. the visible re^on of 

the spectrum. 


StiU more striking examples of this change are 
shown by phenolphthalein : 



Colourless ** crystalline substance 
showing marked ultra-violet ab- 
sorption. 



Deep red substance showing 
marked absorption in the 
visible region but dimin- 
ished ultra-violet absorp- 
tion. 

and also by the colouring pigments of certain 
flowers, which may be red or blue depending on 
the formula of the anthocyanidin present : 


Cl 



Blue. 


It follows, therefore, that absorption in the visible 
region of the spectrum, and the occurrence of 
visible colour, are mainly dependent on the de- 
gradation of certain forms of rhythmic vibration, 
and if this is true it follows that aromatic sub- 
stances, that is to say, the derivatives of benzene 
and allied hydrocarbons in which rhythmic vibra- 
tional movement can occur, are the only sub- 
stances from which compounds having visible 
colour can be obtained. But this is not the 
case, because many aliphatic substances are 
also visibly coloured, as, for example, diacetyl, 
CHj-CO-CO CHj, glyoxal, CHO— CHO, and 
so forth. An examination of such substances 
shows, however, that they are all compounds 
having a conjugated system of double linkages, 
and on this accoimt are allied to benzene : 


°VcH 

^CCH, 

I ® 

HC 

I 

^^C.CH3 

1 

^CH 



HC 

Glyoxal. 

Diacetyl. 

Beniene. 


It is possible, therefore, that some kind of 
rhythmic vibration, such as that which gives 
rise to the ultra-violet absorption .of benzene, 
is also present in these eases, for example : 



O 


^CH 




CH 
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but that the interchange, being too feeble to ' 
lend to ultra-Tiolet absorption, ehovB its i 
influence in the ^^sible region only. Perhaps i 
this explanation supplies a reason srby certain : 
substances which should contain the conjugated 
chain are colourless, for example, ethyl oxalate 
(!) ; the reason being that there is no tendency 
in this case for the substance to assume the ' 
tautomenc form (II), and rhjtbmic vibrations 
are therefore absent. 

OCjHg OC,H, 


colour he termed thromophoTts, and moleculct 
containing them were called chromogtna. He 
specified the foUowmg chromophores and gave 
lUnstmtions of chromogens contaming them; 


Chromophorei 

NO, 

_n=n— 


Chromogens. 

CgHj-NO, 

C,H,— N = N— C,H, 
.CO. 


It IS not proposed to deal in this article irith 
the case of occurrence of colour in inorganic 
compounds The molecular condition of these 
substances is so complicated that it is not 
possible m our present state of knowledge to 
envisage what may happen when a beam of 
white light passes through, or is reflected 
from, an inorganic crystal in such a way that 
the emerging beam is coloured Usually the 
cause of colour may be ascribed to the pre> 
sence of a coloured ion, such as, for example, 
chromium or copper, but even the molecular 
condition of the salts of these elements varies 
sufficiently to cause coloutUss substances to be 
produced from them by simple reactions. 
Thus, although copper sulphate is blue under 
normal conditions, it loses all visible colour 
when the five molecules of water of crystallisa* 
tion are removed by heat. 

Obnehal Ootuhe. — T he first synthetic 
dye (mauve) was produced by Sir W. H. Perkin 
m 1850. This branch of synthetic chemistry 
developed with great rapidity, and in the next 
twenty years the first members of many 
important groups of dyes had been prepared. 
tg. fuchsm (1856), rosamlin blue (I860), and 
alkylated triphcnylmetbane dyes (186I-I8CC); 
Bismarck brown (1863), cbrysoidine (1875), and 
naphthol orange (1870) in the azo* group; 
Martius yellow (1864) m the nitro- group; 
Magdala red (1868) in the azuie senes; olizarm 
(I860) of the snthraqumone group; fluorescc&i 
and eosin (1871) representing the pbtboleins; 
and Lauth'e violet (1876), foreshadowing the 
thiazines. By this time suflicient matenal had 
been accumulated to allow the formulation of the 
well known “Uitt’e rule” (1876). according to 
which substances attained the potentiabty of 
colour when their molecules contained certain 
atomic arrangements or groups, which Witt 
termed ehromophorts. The colour and dyeing 
properties svero made mamfest by the intro* 
duction of additional groups termed auxo- 
chromes. 

Witt pointed out (Ber. 1876, 9, 532) that 
two things arc required to confer on on 
organic substance colour and djeing properties. 
The molecule must possess a certain grouping 
of atoms to give it the potentiality for colour, 
and It must also piossess a salt-forming radical 
to bnng out the colour and dyeing properties 
The atomic groupmgs giving the potentiabty of 


C,H, CO CsHi'C' 

CO— O CO— O s'^t^n 

It will be noticed that some of the chromogens 
are colourless, e.g. nitrobenzene and phenol- 
phthalein, whilst others have a feeble colour, 
e g azo-benzene and anthraquinone ; but 
none of the chromogens has any dyeing property. 
The colour is developed or strengthened by the 
introduction of salt-forming radicals into the 
chromogens. These radicals he therefore termed 
auxochromes. Hydroxyl , ammo-, and sub- 
stituted Jimino-gToups can act as auxochromes, 
while sulpbonic and carboxyl groups are with- 
' out this function The foUowmg table shows 
bow the chromogens already mentioned are con- 
verted into dyes by the introduction of auxo- 
chromes : 

I Cbroreosca Dye 

IC,H,NO, C,H4(N0,)0H 

I liltrophenol 

C,H4(N0,)NH, 

h'ltrsnlllne. 

C,Hj-N-N-CjHj C,H,-N-N-C,H4-0H 
Bcnzsne-szo-phcnol 
C4H4-N-N-CJH4NH, 

Aniline yellow. 


/C4H4OH 

C.H.Ctf C,H4C(^ ^0 

CO— O * * CO— o * \ho 

Fluorescein 

Witt's Rule is an admirable “ working 
hypothesis " but it deals only with the con- 
nection between a coloured substance^ and its 
capacity for affixing itself to the textfle fibres 
and leaves all questions concerning the’eause of 
colour m the ehromophoro unanswered. Nor, 
indeed, is the “ vibration hypothesis ” men- 
tioned above anything more than a reference to a 
physical condition which is not clearly under- 
stood. 

Tne QciNONOio and MoDiriEO Qoinonoio 
TncoRlES.— In 1888 (Proc. Chem. Soe. 1888, 
27-33) H. E. Armstrong pointed out that the 
chemical formul® of the well-known dycstuHi 
either contained the ^uinonoid grouping or 
could l« slightly modified or rearranged, in 
accordance with accepted ideas on tautomensm. 
■o as to contain this grouping The juinonow 
grouping may bo defined aa a benzene nucieai 
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to wliich other atoms or groups are attached by 
double bonds in the para- or ortho- position : 



Armstrong Tvas probably much impressed 
by the then recently discovered fact that 
benzene-azo-jS-naphthol was identical with 
the phenyl-hydrazone of jS-naphthaquinone, so 
that there was as much justification for the 
formula 

NNHPh 



as for the more usual one based on the formation 
of the substance from )3-naphthol and a benzene- 
diazonium salt, viz. : 


N:NPh 



and if it were allowable to assume tautomerism 
to a quinonoid form in this case, it might be 
allowable in other cases, e.g. in the case of 
p-rosaniline it would be consistent to suppose 
that on the conversion of the base into salts 
there was elimination of a molecule of water 
and formation of a substance with a quinonoid 
structure : 


/CeH4-NH 
HO— C^CeH^-NH 
\CeH4NH 


2 

2 

2 


HCI ^C6H4=NHHCI 

> +HjO 

XCeH^-NHa 

In many cases the ordinary formula already 
contained the quinonoid structure. 

The theory was the first real contribution 
to the relation between colour and constitution, 
because it indicated that the formation of the 
quinone structure was one of the influences 
which affected the rhythmic vibration of the 
Kekule individuals of benzene so as to throw the 
absorption from the ultra-violet into the visible 
region of the spectrum. It is immaterial 
whether this process leads to visible colour or not, 
because in certain cases — a fact which has been 
used to disprove the theory — derivatives possess- 
ing undoubted quinone structure are colourless, 
meaning, of course, that in these cases the 
“ shift ” of the absorption from the ultra- 
violet has not been sufficient. Moreover, 
opponents of the “ theory ” have used the 
argument that it cannot be correct because 
there are coloured substances, such as azo- 
benzene, which do not possess a quinone 
structure. This criticism could, with equal 
force, be applied to copper sulphate. Obviously 
the formation of a quinone ring from a substance 
already containing “ potential colour ” may 
lead to the production of visible colour or may 


not. It was never claimed that all coloured 
organic compounds possessed a quinone ring, 
although, as a matter of fact, such a statement 
would not be far removed from the truth. 

The literature contains many other hypotheses, 
which are not theories because the exceptions 
to them are numerous. It is evident that one 
cannot distinguish between substances showing 
absorption in the visible region and those giving 
absorption in the ultra violet and infra red 
region of the electromagnetic spectrum. The 
only truly colourless substance is one showing 
general absorption throughout the 68 or so 
octaves of the electromagnetic spectrum. Dis- 
turbance leading to absorption may occur in any 
octave although unfortunately our instruments 
are not sufficiently sensitive to map more than 
a small part of the spectrum. This is, however, 
a physical question and will be answered in time 
by the physicists. 

COLUMBITE. A columbate (niobate) of 
iron, usually containing some manganese 
(“ manganocolumbite ”) and tantalum, the 
general formula being (Fe,Mn)(Nb,Ta) 20 g. 
VVith an increase in the amount of tantalum, 
there is a transition to the isomorphous species, 
lanlalite. The orthorhombic crystals are dark 
broivn or black and opaque, and range in sp.gr. 
from 5-3 (columbite) to 7-3 (tantalite). It was 
in this mineral that C. Hatchett discovered, 
in 1802, the element columbium, so named 
because the specimen he examined came from 
America. Columbite is usually found as single 
crystals embedded in pegmatite or granite; 
for example, at Haddam and Middletown in 
Connecticut, Chesterfield in Massachusetts, 
brilliant crystals in granite at Standish in 
Maine, large masses up to 2000 lb. in granite 
veins in the Black Hills of South Dakota, and at 
several other American localities. At Ivigtut 
in Greenland it has been found in the cryolite 
deposit. Large crystals are found in the felspar 
quarries near Moss in Norway. Other localities 
are Rabenstein in Bavaria, Bushman Land in 
South Africa, Madagascar, etc. 

L. J. S. 

COLUMBIUM, NIOBIUM (Sym. Cb, 
Nb). At. wt. 92-91. The name columbium is 
used in current American literature, although 
the element is now known as niobium in Great 
Britain, France, and Germany. The first name 
is due to Hatchett, who in 1802 isolated a new 
“earth” (NbjOj) from a mineral found in 
Connecticut. He called the mineral columbite 
and the element columbium. It was not until 
1844 that Rose (Pogg. Ann. 1844, 63, 307, 
693) observed a wide variation in the density of 
many tantalites and columbites, and of the acids 
derived from them, and realised that they 
contained two closely related elements. It was 
Rose who introduced the name niobium for 
Hatchett’s columbium. In all probability 
Hatchett’s “ earth ” was a mixture of NbjOs 
and T SjOj. The name niobium and the 
symbol Nb will be used throughout this 
article, in accordance with the nomenclature 
adopted in the First Report of the International 
Union of Chemistrj-, 1936. 

Niobium is a member of a group of com- 
paratively rare metals, including tantalum. 
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tungsten, molybdenum, titanium, and uranimii, by von Bolton by reducing the pentoxide with 
commonly occurnng together in minerals aluminium powder, and heating the product, 
found m the oldest Flutonio rocks, and esped^y which contamed some 3% of alumimum and 
in and around intrusions which traverae peg* some unchanged oxide, in an electric arc la 
matites and other extremely coarae>grainra vacuum. This treatment sufficed to vaporise 
granite rocks. Monazite. and other minerab the impurities out of the niobium. The metal 
containing metals of the cenum group, zircon, is also obtamed by reduction of the fluoride 
cryolite, and fluorspar, and minerals containmg KjNbF, with hydrogen. The product is a 
lithium, cffsium, and rubidium, are often black powder from which residual hydrogen 
associated with these minerab, and are probably may bo expelled by shaping it into small 
intimately connected with their genesis. cylmders and melting m vacuo in an electric 

Although a rare metal, niobium exists as furnace. Harden and Rich (U.S P. 1728941, 
the pentoxide in a considerable number of 1927} have described the reduction of Nb,0. 
minerab, m some of which — such as pyroehlort by calcium in presence of a small quantity ot 
and columbite — it may be regarded as the aUcali metal and of calcium chloride. This 
essential constituent, while in others, although operation is earned out in a sealed tube at 
practically always present, its proportion vanes 900-1,000®. 

from a mere trace up to an amount which The electrol3^ic production of niobium 
justifles its being considered as the principal from a mixture of niobium and tantalum 
oxide. pentoxides was described by Isganscliev and 

Niobium occurs in minerab only as the Prede (Z Elektrochem 1933, 30, 283-286). 
pentoxide, Nb^O., m combination with a base. The oxide mixture was fused with potassium 
tbe niohiam la e. (ew minerala (such aa to^Utnte) pyroaniphate and the melt extracted flrat 
which contain silica being present as a eiLco- with water and then with 20% potassium 
tuobate and never as a silicate of niobium. hydroxide solution Electrolysis of the alkali 

A list of the principal minerals containing extract with the addition of from 1-1 5% of 
niobium will be given in the article Tantai-om, dextnn, with a platinum anode and a copper 
with which met^ niobium mvanably occurs in cathode, yielded a deposit of pure niobium 
nature Prom the technical point of view the Alternatively, the melt was extracted with 
prmcipal niobium minerab are those which saturated ammonium oxalate solution, with the 
consist essentially of niobates of iron, manganese addition of a smaller amount of saturated 
and hme, zirconia and metab of the cerium oxabe acid solution, or with citrio acid solution, 
group being abo usually present in, or at least and electrolysed at a temperature above 80°. 
intimately associated with, such minerab as Niobium was thus deposited quantitatively, and 
contain lime tantalum pentoxide could be recovered from the 

The mineral richest in luobium ia pyrocblore, electrolyte by acidifying with sulphuno acid, 
a niobate of lime containing titanium, cenum, Electrolyais in acid solutions was found to be 
and thorium, together with other alkaline satisfactory for the electro analysis of niobium* 
earths and alkaL bases and some fluorine tantalum mixtures Tho niobium deposits 
The most important mineral, however, b the were resistant to corrosion by mineral acids, 
niobate of iron and manganese known as Peirce (J Amcr. Chem. Soc 1931, 53, 2810} 
columbite or mobile v ), m which the Nb,0, found that niobium, but not tantalum, could 
may even exceed 78%. be electro deposited at 103® from a saturated 

New deposits are constantly being discovered, sodium carbonate solution m which the ignited 
and niobium, like many others of the rare pentoxide had been dissolved. A copper 
metab for which a demand now exists. wiU cathode and a current density of 3 amps per 
doubtless be found to occur in much larger sq dm. wero employed. Balke (Ind Eng 
quantities than is now generally known. One Chem. 1935, 27, 1166} states that metallic 
property in Western Australia is at present niobium may be produced by minor variations 
being operated exclusively for the production of the electrolytic method used for tantalum 
of tantabte niobite concentrates. Considerable The fused double fluoride KjNbF. is electro* 
amounts are abo available as by-products from lysed, using a cast iron pot as cathoue and a rod 
the preparation of tho rare earths employed of graphite as anode, and adding niobium pent- 
for incandescent mantles, from tin and wolfram oxide to the molten bath. 

ores, and from the heavy waste material The separation of niobmm from tantalum 
obtained in the dressing of cryolite. is a problem chiefly of importance in con* 

J/efaJ/ie niohium may be prepared by passing necUon with the preparation of tantalum, 
a mi.Tfure of the vopour of the pentschloride and will be dealt with fully under Tantalum. 
and hydrogen through a red*hot tube (Roscoe) The general method of extraction consists in 
Hoissan reduced the pentoxide by means of fusing tho ore with an alkali or alkahne salt, 
carbon m an electric furnace, but the resultii^ extracting the mixture of niobates and tantabtes 
niobium contained 2 5-3 4% of carbon. Von with water, and boiling the solution to cause 
Bolton introduced a method of manufactunng hydrolysis, with production of an insoluble 
niobium for metal filament lamps m which mixture of niobic and tantalic acids. This 

the pcntoxido was mixed with jiaraflin and mixture on ignition givea tho pentoxides Nb]0| 

formed into threads, uhich aero heated SB rocBO and Ta.Oj. The preparation entaib the 
to a temperature of over 1,900® by passage ofan removal in turn of tin, antimony, iron, men* 
electnc current. The use of niobium in lamp gancse and similar elements, and obo of 
manufacture has now been discontinued. titanium. 

Larger quantities of niobium were produced Tho separation of niobium and tantalum b 
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a matter of considerable difficulty, o\ving to the 
close similarity of these two elements. One of 
the commonest methods is that developed by 
Marignac in 1866, depending on the different 
solubilities of potassium niobium oxyfluoride, 
K2Nb0F5,H20 (1 part in 12-13 parts of water 
at 17°-21°), and potassium tantalum fluoride, 
K 2 TaF, (1 part in 150-160 parts of water 
containing a little hydrofluoric acid, at the 
same temperature). These two compounds are 
not isomorphous and do not form mixed crystals 
or solid solutions. In carrying out the separa- 
tion the mixture of niobic and tantalie acids 
is dissolved in concentrated hydrofluoric acid 
and the correct amount of potassium fluoride is 
added. On concentration, the potassium tanta- 
lum fluoride separates first and is filtered off. The 
filtrate is concentrated further with the addition 
of more hydrofluoric acid and potassium 
fluoride, and yields crystals of potassium nio- 
bium oxyfluoride mixed with potassium tantalum 
fluoride. These two salts are then separated 
by recrystallisation. 

Numerous alternative methods of separation 
have been suggested and applied. Thus, for 
example, a solution of potassium hexa-tantalate 
and-niobate is formed by dissolving 1 part of a 
mixture of TajOj and Nb 205 in 6-8 parts of 
water with the addition of 3-4 parts pf potassium 
hydroxide. From the resulting solution pure 
tantalie acid is precipitated at 15-30° by the 
action of carhon dioxide or a bicarbonate 
(U.S.P. 1908473, 1934). Another method 

utilises the solubility of niobium pentoxide, and 
the insolubility of tantalum pentoxide, in a 
mixture of equal volumes of selenium oxy- 
chloride and concentrated sulphuric acid 
(Lehner, J. Amer. Chem. Soc. 1921, 43, 21; 
Merrill, ibid. 1921, 43, 2378). Hydrolysis of the 
extract after dilution yields niobic acid. Buff 
and Thomas (Z. anorg. Chem. 1926, 156, 213) 
found that niobium pentoxide is converted 
to the pentachloride by heating at 200-225" 
with carhon tetrachloride, whereas tantalum 
pentoxide is unaffected. Unfortunately, the 
metals carmot he separated by this means, as 
niobium pentachloride reacts with tantalum 
pentoxide, forming niobium oxychloride and 
tantalum pentachloride, which are not readily 
separated. 

Metallic niobium melts at 1,950° (von Bolton, 
Z. Elektrochem, 1907, 13, 145) A lower value 
(1,700°) is recorded by Guertler and von Pirani, 
(Z. MetaUk. 1920, 12, 67 ; Ann. Phys. 1916, [4], 48, 
1034). Its eleetrical resistance is 0-1870 ohm 
for a wire 1 m. long and of 1 mm. diameter 
(see also BaUce, Ind. Eng. Chem. 1929, 21, 1002). 
It is less malleable or ductile than tantalum, 
but the rolled metal has a hardness greater than 
that of wrought iron and may be welded at a 
red heat. Balke (Ind. Eng. Chem. 1929, 21, 
1002) states that in the annealed condition 
niobium is more ductile than tantalum. Many 
of the properties of niobium as known at present 
were determined with a sample of the metal 
prepared by von Bolton (l.c.) by reducing 
the oxide mth aluminium. This author gave 
the density as 12-7, but more recent values 
range from 7-4 to 8-56. 

The powdered metal oxidises rapidly when 
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heated in air, some nitride being formed 
together with the oxide, but the rolled or oast 
metal is but little affected, as a protective 
coating of oxide rapidly forms. It is practically 
unaffected by any acid except hydrofluoric 
acid, or by solutions of the alkalis, but is 
rapidly attacked by fused alkalis or alkaline 
nitrates. 

Metallic niobium combines with hydrogen 
at a high temperature, and according to von 
Bolton a hydride, NbH, is formed. Hagen and 
Sieverts (Z. anorg. Chem. 1930, 185, 225) have 
since shown, however, that the amount of 
hydrogen taken up is a function of temperature 
and pressure, and the formation of a true 
compound is very doubtful. The compounds of 
niobium have not yet been applied eom- 
mercially, but the pentoxide and the fluorides, 
especially the double fluoride KjNbF,, are of 
interest in eonnection with the preparation of 
the pure compounds or metal from minerals. 
Niobium in amounts up to about 2% inhibits 
intergranular deterioration when chromium- 
nickel steels of the stainless type are exposed 
to elevated temperatures and chemical corrosion. 
Tantalum gives similar results, but a larger 
proportion of it is required (Becket and Franks, 
Trans. A.I.M.E. 1934, 113, 143). Addition of 
niobium to steels containing 4^6% of 'chromium 
and 0-l-0-2% of carbon is found to inhibit 
the air-hardening property of such steels. 
Niobium has a limited use in valve manu- 
facture. 

Alloys of niobium have hitherto received 
relatively little attention. Iron and niobium 
appear to alloy in all proportions, and ferro- 
niobium may be formed directly by reducing the 
mixed oxides. Aluminium-niobium alloys have 
been produced by the Goldschmidt process, 
and a brittle alloy of chromium and niobium 
is formed by fusing green chromium oxide and 
niobium together in the electric furnace 
(Goldschmidt and Vautin, J.S.C.1. 1898, 17, 543 ; 
Moissan, BuU. Soc. chim. 1902, [iii], 27, 431). 
Alloys of nickel and zirconium with niobium 
and tantalum have been prepared, and it is 
claimed that the alloy containing zirconium can 
be heated to whiteness in air without oxidation 
or vaporisation (Canada P. 209342, 214118, 
1921 ; U.S.P. 1334089, 1920). 

The removal of tin from Fe-Nb-Ta alloys 
obtained in the reduction of niobite is carried 
out by fusion with sufiBcient silicon to convert 
the niobium and tantalum to the silicide 
(Nb,Ta) 2 Si. The resulting brittle alloy is 
powdered and boiled with hydrochloric acid to 
extract the tin. The purified powder may be 
melted and blown to remove silicon, or may be 
used direcly for the treatment of stainless steels 
(B.P. 450857, 1935). . Ferrosilicon-niobium 

alloys are produced from a mixture of niobite, 
silicon, lime, and silica by fusion in an electric 
furnace (B.P. 434400, 1935). 

Compounds op Niobium. 

Niobium monoxide, NbO, has been described 
by various authors, but its existence is somewhat 
doubtful. It is said to be produced by reducing 
KgNbOFg with sodium in an iron crucible, or 
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by reducing NbOCI, with magnesium, and 
described as a black material. It bums to the 
pentoxide when heated ui air, ignites in chlonne, 
forming NbOCIj, and is soluble in hydrocblorio 
acid with evolution of hydrogen. 

Niobium sesquioxide, Nb^O,, is formed 
reducing niobium pentoxide with magnesom 
powder, or by heating the pentoxide in a stream 
of hydrogen at 1,250°. 

Niobium dioxide, NbOj, a black powder, 
abo formed by heating the pentoxide i 
hydrogen, or with magnesium. It bums when 
heated to redness in the air. 

Niobium pentoxide, NbjO,, is a white 
infusible powder of ep gr. 4 53.^ 8, according to 
the method of preparation. It is formed by 
direct oxidation of niobium, or of its lower 
oxides, and also, in the hydrated condition 
(niobic acid) by the hydrolysis of pentavalent 
niobium salts The molecular heat of formation 
from the elements is 441,330 g 'Cals After 
etrong ignition niobium pentoxide is insoluble m 
all acids except hydrofluoric acid It dissolves, 
however, in molten potassium hydrogen sul- 
phate, or ammonium hydrogen sulphate, and 
\in fused alkali hydroxides or caThonates, 
jalthough It u insoluble in solutions of alkalis 
/The niobium pentoxide content of a mixture of 
’ NbjO, and Ta,Oj may be determmed by' 
reducing the Nb.O, to Nb,0| by means of 
hydrogen, and aetermirung too increase in 
weight on igmtion. Ta,Oj is not reduced by 
hywgen 

Nloblc acid.— This tenn is appbed to tbo^ 
more or less hydrated pentoxide fonned by 
the hydrolysis of compounds such as mobium 
pentachlonds or oxychloride. A similar I 
material Is formed by the action of mineral^ 
acids on alkab niobates. The gel is completely 
dehydrated by heating to 300° {«/. Sue, Compt. 
rend. 1932, 194, 1745} FreeUy preapitated 
niobic acid gels are soluble in acids and also in 
sodium or potassium hydroxide solution. 

Numerous niobates have been described, only 
those of the alkab metals being soluble in water. 
Sodium metsniobatc, NaNbO,, is obtained m 
the anhydrous form by fusion of niobium 
pentoxide with sodium carbonate and sodium 
fluoride It crystallises with eeven molecules 
^ Ttir.'M "if Iwniw wni Trrj 

(Z. anorg. Chem 1931, 196. 321) have obtained 
products such as PaO,Nb)0, and 
48aO,NbjO( by heating banam carbonate 
with mobium pentoxide to 400-600®. Many 
other niobates have been desenbed (see Text 
Book of Inorganic Chemistty,” c^ted by J. 
Newton Fnend, vol VI, part III, pp. 160-166). 
but their compositions and constitutiona are 
in some cases uncertain. 

Pernlobic acid, HNb 04 .nHjO, is obtained 
as a yellow amorphous powder on decomposing 
potassium pemiobato with dilute eulpbunc 
acid and dialysing the product, or by the 
action of 30% hydrogen peroxide on jiiobie 
acid. It loses oxygen at 100®, and fonns 
hydrogen peroxide on heating with dilute 
Bulphune acid. Pemiobates of tbe alkali 
metals of the general formnia M^NbOj are 
formed by treating the corresponding niobate 
with hydrogen peroxide and a eolution of the 


base, and addmg alcohol. They are whits 
powders stable m contact with air, and decom- 
posed by water. 

Niobium pentafluoride, NbF,. forms 
colourless, strongly refractive, monochmc pr’Bms, 
d>* 3 293, m.p. 75 5°, b p. 217-2207760 mm., 
and IS obtamed by the action of fluorine on 
mobium, or by treating mobium pentachlonds 
with anhydrous hydrogen fluonde m a frecxing 
mixture, and purifying by redistillation (Ruff 
and Zedner, Ber. 1909, 42, 493 ; Ruff and 
Schiller, Z. anorg. Chem 1911, 72. 329). It » 
hygroscopic and is readily soluble in water, 
the solution yieldmg niobic acid on addition of 
amnioma or sodium hydroxide. It has a strong 
tendency to form stable double fluorides with 
the fluondes of other metals. 

Niobium oxyflunnde, NbOF,, is obtained 
by the action of hydrogen chlonde on a fused 
mixture of mobium pentoxide and calcium 
fluonde at a red heat. It forms double salts 
with other TOetallie fluondes [t p. Na.NbOF., 
(NH«),NbOFj. ZnNbOFj.eHjO). 

Niobium trichloride, NbCI,. is a non- 
volatile, non-dehquescent, crystalline substance 
testmbhng iodine, and js formed by leading 
tbe vapour of the pentachlonde through a heated 
tube It forms long dichroic needles, which ars 
oxidised on exposure to air and which yield 
niobium oxycUonde. NbOCIj, and carbon 
monoxide when heated in carbon dioxide 
(Roscoe, Chem. News, 1878, 37, 26). 

Niobium pentachlonde, NbCIg, is fomed 

yellow needles by heating niobium pentoxide 
mixed with charcoal in a stream of chlorine. 
It IS also formed bv heating the pentoxide 
with sulphur monochlondo in a sealed tube at 
200®, and fractionally distilling the ptoducU 
in a current of chlorine. It is produced, together 
with the oxychloride, by heatmg the pentoxids 
with carbon tetrachloride. It has m p. 194*, 
b p. 240 5°, ep gr. 2 73r-2 77, end gives a normal 
vapour density. It is soluble in carbon tetra- 
chlonde, chloroform and alcohol. On beating 
with 3% sodium amalgam in absence of air 
and extracting with water, chtoroniobium 
(hlond€, (Nb,CI„)CI,,7H,0, is obtained as 
black shimng crystals, forming an olive green 
powder, insoluble in cold water, but soluble 
•m VicA wn tknT, giwm Awn. 

two of the chlorine atoms are ionic. When 
treated with the equivalent amount of sodium 
hydroxide, ehlormiobium hydroxide, 
lNb,Ci„)(OH)2,8HiO, 
formed as a black microciystalhne pre- 
cipitate, and from this the bromide, 
(Nb,Clj,)Br,,7H,0, 
is obtained. The hydroxide is soluble in excess 
of eodium hydroxide, and from tbe solution 
excess of concentrated hydrochloric acid pr^ 
cipitates a brown powder, NbjClj^.QHjO 
(Hamed, J. Amer. Chem. Soc. 1913, 35. 1078). 

Reduction of a solution of niobium penta- 
chicride at a platinum cathode gives a blue 
eolution, which is of a colloidal character ; with 
gold chloride it gives a magnificent purple 
bquid, from which, on boiling, a purple pre- 
cipitate deposits. This precipitate is simusr 
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to purple of Cassius ; it colours glass a violet- 
red. According to Kiehl and Hart the blue 
solution contains tervalent niobium {ibid. 1928, 
50, 1608). 

Niobium pentachloride forms an addition 
compound with piperidine, NbCl5,6C5HjjN, 
and gives similar compounds with related 
organic bases. It reacts with boiling benzene 
to give the compounds SMbCIgiC^Hg, 
2NbCl5,C8Hj, and NbClj.CgHa, and with 
naphthalene to give NbCl4(CiQH7) and 
NbCl3(Ci„H,),. With phenol in carbon 
disulphide solution the compound 

Nb(OCeH3)4CI, 

m.p. 233-235°, is formed (Funk and Nieder- 
lander, Ber. 1928, 61, [B], 249, 1385). Niobium 
pentachloride reacts with glacial acetic acid to 
form the compound Nb^OgCI (O Aclj (Funk and 
Niederlander, Ber. 1929, 62, [B], 1688). 

Niobium oxychloride, NbOCIj, is prepared 
by the action of chlorine on a mixture of 
niobium pentoxide and carbon, and forms 
white silky ciystals which can be sublimed. 

Niobium oxybromide, NbOBPj, and 
pentabromide, NbBPg, also exist, but the 
formation of an iodide appears to be doubtful 
(c/. Barr, J. Amer. Chem. Soc. 1908, SO, 1668). 

Niobium nitride, NbN, is prepared by 
heating the pentoxide mixed with the calculated 
weight of carbon in nitrogen at 1,250°. It is a 
light grey powder, m.p. 2,050°, which is decom- 
posed by alkali hydroxide (Friederich and Sittig, 
Z. anorg. Chem. 1925, 143, 293-320). Tri- 
niobium pentanitride, Nb3N5, is prepared by 
prolonged heating of powdered niobium in 
nitrogen at 1,000°. 

Niobium carbide, NbC, has been produced 
by heating niobium sesquioxide mixed with 
carbon in hydrogen at 1,200°. The molten 
metal also absorbs graphite to yield carbides of 
unknown composition. They are brittle and 
hard, and will scratch glass or quartz (Moissan, 
BuU. Soc. chim. 1902, [iii], 27, 431). The 
use of a niobium carbide and a binder in a 
metal composition has been described (B.P. 
391933, 1933). 

Niobium boride, NbBj, is formed as a hard, 
grey, crystalline material in the electrolysis of 
fused mixtures of alkali and alkaline earth 
borates and fluorides ivith niobic oxide. Any 
amorphous boron or calcium boride is removed 
from the product with dilute nitric acid. The 
crystals resist nitric and hydrochloric acids and 
aqua regia, but are easily oxidised and are 
slowly attacked by fused alkalis, and by cold 
hydrofluoric or sulphuric acid (Andrieux, 
Compt. rend. 1929, 189, 1279). 

Niobium phosphide, NbP, is formed by 
heating red phosphorus with metallic niobium 
at 550° (Heinerth and Biltz, Z. anorg. Chem. 
1931, 198, 168). It bums readily when heated 
in air. Niobium arsenide NbASj.g, is prepared 
by prolonged heating of the elements at 600°. 

Niobium sulphide, NbSj, has been prepared 
as a black powder by heating the elements 
' together. Metallic niobium is not attacked by 
hydrogen sulphide. A second sulphide, NbjSg, 
has been reported as formed by the action of 
H jS and CSj on NbjOj at 1,000° (Honigschmid, 


ibid. 1934, 219, 161). Niobium oxysulphide, 
NbOSj, is also formed as a black crystalline 
powder by heating the pentoxide in the vapour 
of carbon disulphide mixed with carbon 
dioxide. 

For methods of analysing niobites and 
tantalites, and of detecting and estimating 
niobium, see Cheaiical Analysis (Vol. II, 

p. 602). 

The Are Spectrum of Niobium has been 
studied by HUdebrand (J. Amer. Chem. Soc. 
1908, 30, 1672) ; Barr {ibid. 1668), Mott (Trans. 
Amer. Electrochem. Soc. 1917, 31, 372), and 
Laporte (Z. Physik, 1926, 39, 128). The most 
persistent lines (“ raes ultimes ”) are given by 
de Gramont as A4058'97 and A4079-73A 
(Compt. rend. 1920, 171, 1106). 

H. J. E. 

COLZA O I L syn. for Rape oil. 

COM FREY, Symphytum officinale. The 
common comfrey (Fam. Boraginacese), a river- 
side plant, has been used since Saxon times as 
an external application for wounds. The 
air-dry root contains 0-6 to 0-8% allantoin 
to which its healing action has been ascribed. 

COMPRAL. A combination of amido- 
pyrine and trichlorethylurethane {Baeyer Pro- 
ducts, London). B.P.C. 

CONARACHIN v. Arachin. 

CONCHAIRAMIDINE v. Cinchona 
Alkaloids (this vol., p. 160a). 

CONCHAIRAMINE v. Cinchona 
Alkaloids (this vol., p. 1605). 

CONCRETE V . Bhildino Materials. 

CONCUSCONINE v. Cinchona Alka- 
loids (this vol., p. 160c). 

CONDENSERS. In order to convert the 
vapour of a substance into a liquid, it is necessary 
to remove a quantity of heat equal to the heat 
of vaporisation. The apparatus which effects 
this transfer of heat is called a condenser. 

The shapes and forms of condensers are many 
and varied, but there are two distinct types 
under which almost all patterns can be classifled. 
The two types are : 

1. Surface condensers, in which the cooling 
medium is kept separate from the vapour 
to be condensed, and 

2. Jet condensers, in which the cooling 
medium is supplied directly to the vapour 
either in the form of a spray or as a thin 
film. 

It is apparent that the history and develop- 
ment of condensers are parallel to those of 
distillation methods. It was not until the 
practice of distillation was improved by the 
alchemists that methods of condensation 
received attention. The origins of alchemy can 
be traced back in the researches of Hoefer, 
“ Histoire de la Chimie,” 2nd ed., Paris, 
1866 ; ICopp, “ Geschichte der Chemie,” 
Braunschweig, 1847 ; and Berthelot, “ Les 
Origines de I’Alchimie,” Paris, 1885 ; “ Intro- 
duction k I’fitude de la Chimie des Anciens et 
du Moyen Age,” Paris, 1887 ; “ Collection des 
Anciens Alchimistes Grecs,” Paris, 1887 ; 
and “ Histoire des Sciences — La Chimie au 
Moyen Age,” Paris, 1893. One of the earliest 
applications of condensation was in the pre- 
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paration of mercnrj'. The preparation of thia 
element is described by Dioscondes. Cinnabar 
was heated in an iron pot and the Tapouta 
condensed in an earthenware corer, which was 
denoted by the Greek word “ ambii.” The 
Arabic prefix '* nl ” was added, making the 
work “ alambic,” or, as it la known to day, 
“ alembic.” 

PLny describes a primitive method which waa 
used for obtaining turpentme from rosm. 



Hectea of wool were hnng over hetlica, the 
vaporued oil eondenaing on the fibres of the 
wool. SpoDgea were need by sailors to obtain 
freah water at aca. Alexander of Aphrodisias 
(third centary), in his commentaries on Ana* 
totle's ” Meteorologica,” itates that, ” Ihey 
boll the aea water and suspend large apongee 
from the mouth of a brazen vessel to imbito 
what IS evaporated and, m drawing this off 
from the sponges, they find it to be sweet water.” 



The earliest sketches of apparatus iLatc from 
the time of the Greek alchemista of Alexandna. 
Zosimns, about the end of the third century, 
compiled a kind of chemical cncyclopsdia ' 
incorporating the work of previous writers. 
One of them waa a woman alchemist by the 
name of Cleopatra who lived about the beginning 
of the Christian era. Cleopatra had written a 
treatise on gold^making which was called the 
“ ChrysopcBB." The ” Cbrysopoea ” contsina an 


illtiatration of an alembic to which two receivers 
are attached (Fig. 1). 

It is probable that air cooling alone wu 



osed for the straight tube and alembic condensers 
up to the discovery of alcohol in Italy some tune 
during the eleventh century. The use of water 



for coohng purposes waa first mentioned by 
Raymond Lully (1235-1316) m bia oztensivo 
writings on the curative and elixir properties 



Fio. 5. 


of alcohol. Authentic drawings of apparatus 
of that penod have not been found. 

During the sixteenth century changes in the 
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simple alembic condenser design were made to 
achieve better cooling. The first step was to 
lengthen the delivery tube which was then 
cooled by passing it through a tub of water. 
Fig. 2 is from “ Thesaurus Euonymi Philiatri.” 
The next improvement was to pass the tube 
diagonally through the water barrel to increase 
the cooling area, as in Fig. 3. The earliest 
illustration of a coil or worm condenser is 
shown in a work by Blringuccio (1540), Fig. 4. 



Fro. 6. 


A similar design is shown in Fig. 5 which is 
taken from Lonicer (1551). 

The first attempt at continuous cooling was 
tried some time in the middle of the eleventh 
century. Fig. 6 is taken from the French 
edition of Matthiolus’s commentaries on Dios- 
corides (1501-1557). 

During the eighteenth century there was no 
substantial advance made in condenser design. 
The worm cooler and the water-cooled alembic 


were in general use and were adequate for the 
uses to which they were put. The counter- 
current principle became better known and 
more widely used during the later part of the 
nineteenth century. Etthng (‘ ‘ Handworterbuch 
der Eeinen und Angewandten Chemie,” 1842, 
Bd. 2, p. 531) assumed that Liebig deserved 
credit for the invention of the counter- current 
condenser, and to this day the simple straight- 
tube condenser is called a Liebig condenser 



(Fig. 9A). Kahlbaum (Ber. 1896, 29, 69) 
claimed that WeUer was the first to see the 
advantage of admitting the cooling water at 
the end of the condenser furthest from the 
hot vapours. However, Speter (Chem.-Ztg. 
1908, 32, 3 ; Chem. Weekblad, 1931, 28, 381- 
382) showed that the principle was first pro- 
posed by an unknown French chemist and later 
developed independently by Weder and Gadolin. 
The condenser designed by Gadolin is shown in 
Fig. 7 (1778). Further investigation by Speter 
(Chem.-Ztg. 1908, 32, 654) proved Lavoisier to 
be the author of the anonymous publication 
cited. Schelenz (Z. angew. Chem. 1910, 23, 
1978; Chem.-Ztg. 1909, 33, 141, 154) believes 
this discovery was made by the French chemist 
Dariot (1633-1594), but was never appreciated 
until a later date. Poissonier (1770) also had 
realised the necessity of providing a large 
cooling surface and a counter-current flow of 
cooling water (Fig. 8). 

The surface condensers designed since this 
period do not differ fundamentally in principle 
from the ones just described, although the 
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diHerences in detail are vitally important. 
Tbe straight condensing tube has been replaced 
by spirals, bulbs, senes of bulbs (Fig. OD), com* 
binations of these end divers methods of coa> 
tacting the vapour and the cooling surface 
over a large area m a minimum of space. A 
special tj-po of apparatus known as “ reflux " 
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condensers was designed to return condensed 
vapour back to a vessel containing boiling 
Lquid without any sensible toss oi vapour 
through evaporation Reflux condensers are 
extensively used m extraction processes and ui 
organic reactions where the loss of volatile 
solvent 18 to be prevented The histoncal 
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developments of tbe return condenser have been 
outUnw by H. Meyer (Chem -Ztg. 1910, 34, 
351. 421). L. Galates {ibxd. 609), and Schelenz 
(Z. angew. Cbcm. 1910, 23, 1975-1980). 

The simplest typo of laboratory condenser 
that is widely used is the Liebig form shown in 
Fig. 9A. It consists of a straight cylmdncal 
glw tube in which the vapour is condensed. 
The upper end is widened out sbghtly to facilitate 
connection with the still, and its low er end u ent 
off obLquely: a cylmdncal glass jseket colors 
the greater portion of the length of the tube 
and, through it, by appropriate entrance and 
exit tubes, cold water u circulated in an upward 
direction. The glass jseket and mner tube may 
be fused together (9A), or connected by mbbii 
(0B and C). For hquids of moderately high 


boiling point (lOO'C. to 200'C.), it usuaUy 
suffices to employ the inner tube merelj as an 
air condenser. A form of condenser for use with 
high boiling-pomt Uejuvds has been described by 
McCroa (J. Chem. Educ. 1930. 7, 2963-2965). 

With a view to exposing a large coohng 
surface, the portion of the condenser within the 
cooling jacket is some, 
times made of approxi- 
mately rectangular sec- 
tion. A condenser 
with expanded sections 
along the inner tube 
was described by W. 
Fnese (Pharm. Zentr. 
1913, 54, 070). The 
apparatus consisted of 
an ordinary Liebig 
jacket inside which 
was a series of cir- 
cular chambers with 
conical tops ond bot- 
toms, giving a large 
coohng surface. A 
condenser for sccom- 
pUahing tbe same result 
IS shown in Fig. 6D. 
Tbe Soxhlet single bulb 
condenser which is 
commonly used as 
reflux condenser is shown m Fig. lOB. An sU 
glass spiral pattern is shown in rig. 11. 

A shghtly modifled form of Liebig condenser 
IS described by West (Ind. Eng. Chem. 1928, 
29. 737) Tbe space between tbe inner and 
outer tubes is reduced to 1-1-5 turn, and the 
tubes are scaled together at the ends. ' The water 


Fio. 11. 


Fio. 12. 


consequently passes much more rapidly through 
the outer jacket and the coohng is found to be 
more effective (Fig. 12). The apparatus was 
the inner tube (West, Ind. Eng. Chem. [Anal ], 
1930,2, 209). 

The first double surface condenser was sn 
air-water-cooled one. It was suggested by 
Hopkins (J.S.C.L 1697, 16. 979) that if tbs 
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relative positions of the vapour and cooling 
stream of water are reversed, a larger area 
will be exposed. In Pig. 13a the water 
flows in the direction of the arrows. The 
outer jacket serves as an air-cooler, while the 
inner tube is water-cooled. Two forms of 
large-capacity laboratory condensers are 
described by Othmer (Ind. Eng. 
f~\ Chem. [Anal.], 1929, 1, 153) in 
~ one of which^the cooling is internal 

by means of a double-coiled tube, 
with water flowing through both 
tubes in parallel, thereby giving 
a maximum amount of cooling 
surface in minimum space (5'ig. 
13b). In the second type the 
cooling is external and there is a 
double-coiled inner tube for the 
vapour (Fig. 13c). Bajda (Ind. 
Eng. Chem. 1919, 11, 52 ; the 
same in U.S.P. 1317262, 1919) 
passes the vapour through a pre- 
liminary air-cooler before passing 
it through the water chamber. 

A number of condensers of the 
Fig. 13a. “ double- surface ” t 3 T)e have been 

described. The vapours are con- 
densed in the annular apace between two 
surfaces, both of which are water-cooled, the 
design being such that one stream of water 
flows in succession over each. These con- 
densers can be made quite short; they are 
readily fixed in a vertical position and occupy 
little bench space. A modified Soxhlet’s ball 




Fig. 13b. 



type is shown in Fig. lOA. ' Several vertical 
condensers have been described by Friedrichs 
in which one of the two surfaces between which 
the vapours condense is constructed spirally 
(Z. angew. Chem. 1910, 23, 2425-2426; 1912, 
25, 2200-2209). In certain extraction opera- 
tions it is desirable to remove the solvent 


from the solvent-extract mixture without 
changing the apparatus. Bloom (Ind. Eng. 
Chem. 1910, 2, 103) made such an apparatus 
(Fig. 14). And more recently Zinzadze (Chem. 
Fabr. 1930, 113) has designed a double- 
chambered condenser for extraction or distilla- 
tion. The top division is cooled by a coiled 
water tube and the liquid collects in the bottom 
of this division and may be withdrawn by a side 
tube, provided with a three-way tap, or returned 
to the lower division. Various modifications 
are described in the article {see also Zinzadze, 
Biochem. Z. 1930, 220, 177-184, 185-191; 
BuU. Soc. chim. 1931, [iv], 49, 1204-1205). 

The first comparison of the relative efficiencies 
of laboratory condensers was made by Dover 
and Harden (Ind. Eng. Chem. 1916, 8, 834- 
836). The authors reported their conclusions as 
follows : “ The rate of boiling has a very 

marked influence upon the efficiency of the 
condenser. The bore of the condenser has 
influence upon the effi- 
ciency of the condenser 
as has also a narrowing 
at the tip or a con- 
striction anywhere in 
the tube. (Noticed in 
the spiral t 3 q)e where 
the spiral is fused on to 
the inner tube.) These 
conditions tend to cause 
chocking, and when this 
occurs loss is always 
disproportionately great. 

The length of the con- 
denser is a factor in its 
eflScienoy (especially in 
the case of the Liebig 
form) for low boiling- 
point liquids. In the 
case of other forms, the 
length of the jacket has 
less influence than seems 
to be commonly sup- 
posed. In experiments 
where a long condenser 
can conveniently be 
used, the Liebig seems 
to be preferred because 
it is a much less costly 
condenser and can be easily cleaned. Where a 
short condenser is required, the Friedrichs 
seems best. The short Liebig or AUihn can be 
used to advantage only when the rate of con- 
densation is not greater than from 2 to 3 drops 
per second, or when some means is used, such 
as a glass wool plug in the top of the condenser 
or a test-tube inverted over the top of the 
condenser, to prevent too rapid carrying away 
of the vapour by air currents.” 

F. Friedrichs (Z. Angew. Chem. 1920, 33, 
29-32) presented a critical discussion of the 
various forms of laboratory condensers which 
had been described in the literature from the 
time of Liebig onwards. The screw-shaped 
condensing tube with five “ threads ” and 
provided with internal cooling jacket was most 
eflScient. This form is more suitable for use as a 
reflux apparatus than is the spiral form. Mach 
and Herrmann (Chem. Fabr. 1931, 4, 157, 170) 
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tested condensers by using them &s leflnx 
apparatus; the loss of ether vapour under 
similar conditions was measured for each 
type. Results are tabulated for expCTimenta 
with nine types of coolers. The three 

coolers in the order of efficiency were: liehig 
with four internal tubes, those with bulra 
blown in the internal tube, and those with email 
jacket diameter. Connter-current cooling did 
not increase the efficiency. J. Friedricha and 
n. von Kruska (Chem. Fabr. 1934, 7, 284-287) 
made tests on ten types of apparatus. The 
results are tabulated and discussed. The West 
apparatus (Ind. Eng. Cbem. [Anal ], 1930. 2. 
109) gave best results. E. J. WiUiams (School 
Sci Rev. 1934, 16, 271) recommends double* 
surface condensers for student and general 
laboratory use 

For condensing vapours in high vacuum 
work a highly specialised type of “trap” 
condenser is used. The vapour trap generally 
consists of a U tube immersed in a refrigerant 
contained m a Dewar vessel (Fig. ISA) A 



useful design, believed to have been orin>' 
nated by 8. Dashman, is shown in Fig. ISB. 
In which the vessel is unstlvered (see Hickman. 
J. Franklin Inst. 1932. 213, 119-1S4. The 
refrigerant (usually solid CO, or liquid air) 
is placed in a, where it is insulated from the 
surroundings by the operatmg vacuum. The 
vacuum Ime connects at b and e. This type of 
trap presents a large condensing eurfaco and 
imposes little resistance to gas flow. 

llie condensers so far described are usually 
constructed of glass, but occasionally metals 
are empAiyeif. 7'^ ose of aihmmram tbr fde i 
inner tube of a Licbig condenser haa been ' 
advocated by Norton (J. Amer. Cbem, Soc. 
1897, 19, 153). A tube of block tin connected 
to a bulb of spun copper was used by Wiley 
(Ind. Eng. Cbem. 1913, 5, 151). Many agn- 
cultural chemists, who have to deal with 
numerous ammonia dutQlations, prefer a block* 
tin condenser. A convenient method of con- 
structing a number of such condensers in series 
to be cooled by one stream of water is described 
by Barnard and Bishop (J. Amer. Chem. Soc. 
1905, 28, 999). 

A useful metallic condenser is the ball type, 
shown in Fig. lOB, used on the reflux principle 
in numerous erpenments involving extractions 
with volatile solvents. Storeb’s metallic reflux 
condenser is depicted and desenbed in J.5C!X 
1897, 16. 979. 

The spiral (worm) type of condenser fa fre- 
quently constructed of metal (copper) and 


enclosed in a metal tank which can be filled with 
cold water; these condensers find consideraWs 
use in small plant for preparing distilled water. 
For this later purpose, a novel form of condenser 
fa desenbed m B.P. 6916/1905, which combbes 
efficiency with extreme simplicity of con- 
stniction. Special apparatus, devised for pie. 
paring pure distilled water (so called con. 
' ductivity water) on a laboratory scale are 
described by Bouafield (J.C.S. 1905, 87, 740), 
Golding (J S.C.1, 1906, 2S. 678), and by Hartley, 
CamplKlh and Poole (J.C.S. 1908, 93, 438) 
The use of silica tubes for such condensers u 
now more common. 

A condenser system made of glass and metal 
suitable for small analytical fractionating columns 
has been designed by Means and Newman (Ind. 
Eng. Chem [Anal.], 

1936. 8. 231). It 
greatly resembles the 
top of a Prodbielniak 
column (tbtd. 1931, 3. 

177). An evacuated 
glaas jacket, silvered 
for efficient heat 
insulation, surrounds 
the burette and con- 
denser. The condenser 
Itself is a metal cylin- 
der fitting into the 
top of the glass jacket 
and IS insuiatea from 
the gUei by means of 
an asbestos cord. The 
cooling medium is run 
down into the con- 
denser through tube 
A (Fig. 16), and 
escapee at D. Com. 
pressed carbon di- 
oxide or liquid air can 
bo used, according to 
the temperature de- 
sired. The inner or 
condensing tube is of 
metal and contains a 
spiral etnp extending 
down to tho burette 
and dividing the tube 
mto two compart- 
ments. Thus the 
vapours coming in at 
B pass down one side of the tube, condense, sod 
fall into the burette. Displaced air passes up the 
other aide of the dividing strip and emeiges at C, 
losing condensable vapours in transit. Tbs 
metal condenser tube fa connected to the gIsM 
burette by soldering to the platinised glass. 
Ibis provides an air tight seal between the 
metal and glaas. The condenser is adapted to 
distillations under reduced pressure, the vacaao 
connection being made at C and hquid extracted 
at £ by any of the conventional methods lot 
extraction of liquids during vacuum distEls- 
tions. Littleton and Bates (Trans. Amer. Inst 
Chem. Eng. 1926, 17, 05-106) have discussed 
the relative ments of I^ex glass and metal 
condensers. The overall coefficient of heat 
transfer from coohng water to vapour is not ^ 
the same order of difl’ercnce as would be expected 




CONDENSERS. 


319 


from the great difference in heat conductivity. 
The authors point out that an important 
factor in heat transfer is the film on either 
side of the cooling tube, the film itself acting 
as an insulator. This film is present on both 
Pyrex and metal condensers. (The effect of 
films is discussed below.) 

In the design of large-scale industrial surface 
condensers stress is placed on efficiency. They 
are fundamentally heat exchangers designed 
for a special purpose. To secure a high co- 
efficient of heat transfer from the condensing 
vapour to the cooling medium, Walker, Lervis, 
and McAdams (“ Principles of Chemical 


vacuum distillations it is not necessary to pump 
the water out of the system or remove it by 
means of a barometric draw-off. 

A parallel jet condenser is shown in Fig. 18 
and a fall-pipe jet-condenser in Fig. 19. Jet 
condensers have a large capacity per unit floor 
space, they are of simple construction, of low 
cost, and corrosive vapours may be condensed 
without destruction to the chambers. However, 
a large volume of cooling water is needed, and 
in vacuum operations the water must be 
removed from the system either by pumps 
or through a barometric column. Gases dis- 
solved in the water are also liberated directly 



Engineering,” 2nd ed., p. 398, McGraw-Hill, 
New York) state that the requirements are : 
“ , . . rapid circulation of the cooling medium 
to reduce the effective thickness of the "Water 
film through which heat must flow by con- 
duction, immediate removal of the condensed 
liquid, and as complete removal as possible of 
non-condensable gases to prevent the formation 
of an insulating film of relatively stationary 
gas.” Distillations done in vacuum help to 
meet the last requirement. A typical industrial 
surface condenser is shown in Fig. 17. 

A surface condenser has the following advan- 
tages; the. condensate is obtained uncon- 
taminated with the cooling water, and in 


described in the following: Hausbrand, “Eva- 
porating, Condensing, and Cooling Apparatus ’ ’ 
(trans. by Wright and rev. by Heastie), Benn, 
London; Sauvage, “Production et Condensa- 
tion de la Vapeur,” BaiUi&re et Fils, Paris; 
Mironneau, “ Teclmologie du Froid. T. I. 
Compresseurs et Condenseurs,” EyroUes, Paris ; 
Low, “ Condensers,” McGraw-HiU, New York. 

Other industrial condensers are described 
by the following : I.G. Farbenind. A.-G., 
“ Apparatus for Condensing Vapours by Streams 
of Liquid Passed in the Same Direction,” 
B.P. 301430. 1927 ; Kalindustrie A.-G., “ Sur- 
face Condensers with Rotating Internal Cooling 
Drum,*’ B.P, 306106, 1928 ; Leach, “ Apparatus 
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for Oil Refining and Condensing,” U.S.P. 
reissues 19377-19378, 1935; Leach, “Heat 
Exchange Apparatus Suitable for Condensing 
Oil Vapors,” U.S.P. 1980628 and 1980627, 
1935; Gesellschaft fur Linde’s Eismaschinen 
A.-G , “ Plant for Condensing Vapours from 
Gas Mixtures,” G.P. 604773, 1934 ; Cattanacfa. 
“ Heat Exchange Apparatus Suitable for 
Condensing Oil Vapors,” U.SP. 1987051, 
1935; Cameron, “Condensing Hydrocarbon 
Vapors such as those of Gasoline,” U.SP. 
1992353, 1935 ; McDermet (to EUiot Company), 
“ Spray Device Suitable for Use with Con* 
denaers, Evaporators, 
etc,” US.P. 2012454, 
1935 i Byer, “ Counter 
current Vapor Con 
denser," U S P. 2013029, 1 
1935. 

Some of the metab, I 
such as zinc, lead, and 
cadmium, which arc 
sufiiciently volatile, are 
purified by evaporation 
and condenaation 
Several of the apecial 
types of apparatus for 
condensing metal 
vapours have been de* 
signed by Fried. Knipp 
Gruaonwerk A 0.. 
‘•Rotary Condenser for 
Metal V'apours,” P.P 
774132, 1935, Handwork 
and MahIcr(Assrs to The 
New Jersey Zinc Com 
pany), “ Apparatus and 
Method for Oondensing,” 
BP. 421026, 1034; 

Fried. Krupp Gruson- 
werk A..Q., '^Apparatus 
for the Fractional Con* 
densation of Metal 
Vapours," BP. 427233. 
1935; G P.608800,1935. 

Alany articles and I 
many patents have been 
bsum on the prevention 
of corrosion m metal 
condensers. Special 
alloys have been de- 
veloped for use m making 
condenser tubes and 
jackets. Tbe corrosion 
from the cooling water must be combatted 
as well as corrosion from the vapours The 
preventive methods and the olloys have been' 
discussed by: White, “Corrosion Tests on 
Condenser Tubes,” Trans. Amcr. Soc. Mecb. 
Eng. (Fuels and Steam Power), 1931, 53, No. 14, i 
247-251 ; W’ortlungton, “ Copper-Nickel Tubes. i 
Their Advantage for Steam Condensers,” i 
Metal Progr. 1933, 24, 20-24; Meurk, "Pro- 
tecting Surface Condenser Tubes from Corro- 
sion," U.S.P. 1978160, 1935; Korany and 
Bliss, “ Prevention of Corrosion in Gas Con- 
densers," Gas Age Record, 1935, 75, 33-34; 
Siegel, “ Tbe Corrosion Resistance of Condenser 
Tubes as a Function of their Brinell Hardness,” 
Warme, 1935, 68. 173-177; Stager. “Topo- 
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chemical Viewpoints ” (corrosion testa on brass 
condenser tubes are described), Korrosion a 
Metallschutz, 1935, 11, 73-88; GuiUet, “Con- 
denser Tubes " (the advantages of copper and 
brass for condenser tubes, especially where aea* 
water is used, are discussed), Cmvre et Laitoo 
1935, 8. 283-284; Whitney, “Alloys tbat 
Resist Severe Corrosive Conditions," Chem 
Met. Eng. 1935, 42. 370-371. 

The foundation for the treatment as an exact 
science of condensers and condensation pro- 
cesses was laid by Mollier (Z. Ver. deut. log 
1897, Nos. 6 and 7). The first complete treatiaa 
was written by Hausbrand (1899), quoted 
above. Many articles and papers have foUowed 
smoe then. H. Braidy (Ind. Chiro. 1919, 
6, 201-205. 234-237) presented a mathematical 
diacnasioQ of tbe theory of condensers and of 
cooling devices in general. Brewer and Stivers 
(Mecb. Eng. 1921, 43. 672-673) discussed the 
relative efficiencies of various types of cooling 
apparatus used as industrial units. Some 
features m condensing plant operation arc given 
by Hardy (Proe. Univ. Durham. Phil. Soc. 
1921, 6, II, 66-83). The theory of fractional 
condenaation was treated by Leslie (Oil News, 
1924, 12. No. 3, 15-16) Lewis (Amer. Gas J. 
1028, 128, No. 3, 42-44) has considered tbe 
coohng of non-condensiblo gases containing 
vapours which condenso during the cooling 
process. Lewis discussed this case theoretically 
and ehowed tbat the heat of condensation is not 
transmitted through tiie gas film on tbe pipes 
and ehould not be considered in calculating tbe 
coefficients. The vapour passes through tbe 
film by diffusion and is condensed on the cold 
pipe surface (see oUo E. F. M. van der Held, 
Phyeica, 1934, 1, 1163-1160, “The Effect of 
Air on the Condensation of Water Vapour ") 
Monrad and Badger (Ind. Eng. Chem. 1930, 23, 
1103-1112) brought to light eeveral important 
papers on heat transfer, especially that of 
Nussclt (Z. Ver. deut. Ing. 1916, 60, 641) 
When Nusselt’s equations lor heat transfer in 
the condensation of saturated vapour on the 
outaide of horizontal tubes were applied to 
the work of McAdams and Frost (Ind. Eng. 
Chem 1922. 14, 13-18), Morris and Whit- 
man (ibid 1928, 20. 234-240), Clement and 
Garland (Univ. HI. Eng. Expt. Sta Bull No. 
40, 1909), and Othmer (Ind. Eng. Chem. 1929, 
21, 676-583), the experimental results agreed 
fairly weU with the calculated figures \Vhen 
applied to data on vertical tubes (Badger, 
Monrad and Diamond, Amer. Inst. Chem. Eng. 
(Detroit meeting), 1930, 23 pp, preprint), tbe 
experimental results were several times higher 
than the theoretical. TJie authors attempted to 
explain this by calculating the point on a 
vertical tube where turbulence begins in the 
film of condensate. Nussclt assumed this 
film to be in viscous flow only. It was shown 
that turbulence begins a relatively short distance 
down the tube, and this may account for tbe 
high results as compared with Nussclt's formula. 
A mathematical nnalysie similar to Nusselt’s, but 
aaauming turbulence m the film, was not made. 
The vanations in the degree of turbulence ex- 
plain the great difficulty in making delermma- 
tionsofhcat-transfcrcoefficientson vertical tube* 
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A general review of heat-transfer proeesses 
which eould be applied or are in aetual operation 
has been given by Othmer (Ind. Eng. Chem. 
1930, 22, 988-993). The artiele notes such 
important developments ns mercury and 
diphenyl heating, foreed eirculation evaporators, 
and high-pressure equipment (^ee also Badger, 
Monrad and Diamond, he.). 

The effeet of ribbed surfaees on the heat- 
transfer rates in condenser sections has been 
discussed by Olson and Wentworth (Oil and Gas 
J. 1923, 31, Nos. 6, 14, and 16) and by Du 
Pont (Natl. Petroleum News, 1923, 24, Nos. 46, 
74-75, and 77-78). 

Other papers on heat-transfer in condensers 
have been written by ; Colburn and Hougen 
(Ind. Eng. Chem. 1934, 26, 1178-1182; Chem. 
Age, 1935, 32, 579-580) ; Heastie (Food, 1934, 4, 
110-112; 1935,5,163-165); Frenc (Refiner and 
Natural Gasoline Mfr. 1934, 13, 390) ; Pavlov 
and Kravetz (Khim. Mashinostroenie, 1935, 
No. 4, 19-21); Du Pont (Natl. Petroleum 
News, 1935, 27, No. 23, 110-111); Oldham 
(Ice and Cold Storage, 1934, 37, 27-28). 

In the realms of physical science, the word 
condensation has assumed a broader meaning, 
which includes the condensation on charged 
particles in the Wilson cloud chamber, the 
formation of fog, the vesicular state, and the 
adsorption on various types of surfaces, par- 
ticularly capillary adsorption phenomena. 
These special processes are discussed under 
headings of adsorption and theories of adsorp- 
tion {v. Adsorption). 

Appendix. — Other forms of the Liebig con- 
denser have been described : Ber. 1892, 
24, 3950; ibid. 1895, 28, 2388; J.S.C.I. 
1899, 18, 707; Chem.-Ztg. 1902, 26, 325; 
ibid. 1902, 26, 633 ; ibid. 1904, 28, 686 ; Bull. 
Soc. chim. 1904, [iii], 31, 1116 ; Chem.-Ztg. 1904, 
28, 598; ibid. 1905, 29, 809; B.P. 6916, 1905; 
Chem. Zentr. 1906, ii, 993 ; Editorial, L’industria 
chim. 1908, 8, 184; Yigreux, BuU. Soc. chim. 
1908, [iv], 3-4, 855, 858 ; Chem.-Ztg. 1910, 34, 
116; Glaser, Aus. P. 1,943-11, 1911; Frankel, 
Biochem. Z. 1916, 74, 165-166 ; Howden, 
Chem. News, 1918, 117, 368; Gooderham, 
J.C.S. 1924, 125, 2197 ; Beuschlein, 

Ind. Eng. Chem. [Anal.], 1929, 1, 43^4 ; 
Naumann, Biochem. Z. 1930, 217, 409-420; 
Crandall, J. Lab. Clin. Med. 1930, 16, 89-91 ; 
Vaughn, J. Chem. Educ. 1931, 8, 2433-2434; 
Hanak, J. Prakt. Chem. 1933, 136, 202-204; 
Wagenscller, U.S.P. 1994934, 1935. 

Other reflux condensers are described by: 
Chem.-Ztg. 1890, 20, 462; Hahn, ibid. 1900, 
24, 619; BuU. Soc. chim. 1901, [iii], 25, 476; 
Z. anal. Chem. 1901, 40, 769; Chem.-Ztg. 
1904, 28, 598; Chem. Zentr. 1906, ii, 993; 
Chem. News, 1907, 95, 52 ; Bull. Soc. chim. 1908, 
[iv], 3, 855 ; Stoltzenberg, Z. angew. Chem. 1908, 
21, 2084; Merkel, ibid. 976; J.S.C.I. 1908, 27, 
962; Stolzenborg, Z. angew. Chem. 1909, 22, 
351; Vollrath, Chem.-Ztg. 1910, 34, 1068; 
Anon., ibid. 716; Thomer, ibid. 1911, 35, 597; 
Hcide, ibid. 531 ; Fishbum, J. Amer. Chem. 
Soc. 1917, 39, 1074; Vigreux, BuU. Soc. chim. 
1917, [iii], 21, 46-48; Vigreux, Ann. ciiim. anal, 
chim. appl. 1919, 1, 211 ; Faust, Z. angew. 
Chem. 1919, 32, I, 183-184; Shohl and Koch, 
VoL. III.— 21 
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Ind. Eng. Chem. 1921, 13, 819-820 ; Mach and 
Lederfe, Chem.-Ztg. 1921, 45, 779. 

Other double surface condensers are described 
by: J.S.C.I. 1905, 24, 1190; Chem. Zentr. 
1908, ii, 277; Kob, Chem.-Ztg. 1910, 34, 116; 
Davies, ibid. 1911, 35, 531. 

J. C. H. 

CONDURANGO. The dried bark of JUars- 
denia Cundumngo Nichols (Oonolobus Cun- 
durango Triana ; Fam. Aselepiadacese). It 
is obtained from a half-cUmbing or prostrate 
shrub of Ecuador. 

Kubler (Arch. Pliarm. 1908, 246, 620) states 
that the principal constituents of the bark are 
dextrose, the glucoside condurangin, and a 
polyhydric alcohol conduritol. Condurangin, 
contains two methoxyl groups, is 
soluble in water, alcohol, and chloroform, in- 
soluble in ether. Dilute sulphuric acid hydrolyses 
it to glucose and an amorphous powder, con- 
taining several substances ; alcoholic potash 
yields some cinnamic acid. Conduritol, CgHj^O^, 
crj'stallises from hot alcohol in colourless prisms, 
m.p. 142-143°, and yields a tetrabenzoyl deriva- 
tive. According to Carrara (Gazzetta, 1891, 21, 
i, 204 ; 22, i, 236), commercial condurangin can 
be separated into two parts, one insoluble and 
the other soluble in water. The former is a 
white powder, m.p. 60-61° ; and 

the latter a yellow substance, CjgH 2 sOj, m.p. 
134°. Hager (Handbook, 1900) has further 
investigated these substances and named them 
a- and 6-condurangin ; o-condurangin gives a 
green colour with Frohde’s reagent (cone. 
sulphuric acid and molybdic acid), 6-condurangin 
does not. Carrara (l.c.) also isolated a yellow 
powder, CjgHjoO^, which he named conduran- 
sterin, m.p. 52°. 

CONDY’S FLUID. A solution of sodium 
permanganate, NaMnO^, and sodium mangan- 
ate, Na^MnO,. 

CONESSIDINE, CONESSIMINE v. 

CONESSIKE AXD MlNOR ALKAEOIDS FROM 
IIOLARRHENA SPP. 

CONESSINE AND MINOR ALKA- 
LOIDS FROM HOLARRHENA SPP. 

Holarrhena antidysenterica Wall (Fam. Apo- 
cynaceae) or Kurchi-bark is well known in 
India as a remedy for dysentery as substitute 
for the more e.xpensive ipecacuanha root. 
The plant contains about a dozen alkaloids 
which were partly isolated also from other 
Holarrhena spp., viz. H. africana D.C., H. 
congolensis S. Also Wrightia zeylanica contains 
similar alkaloids ; it was from this plant that 
Haines first isolated conessine, also called 
urightine in earlier papers (Trans. Med. Soc. 
Bombay, 1858). 

A survey of early literature is given in a paper 
by Kanga, Ayyar and Simonsen (J.C.S. 1926, 
2123). Early investigators mostly isolated 
conessine, which is the chief constituent of the 
Kurchi-bark ; to the recent work of Ghosh, 
Haworth, Bertho and Siddiqui we owe the 
knowledge of the minor Kurchi alkaloids. 

According to Siddiqui and PiUay (J. Indian 
Chem. Soc. 1932, 9, 553) the alkaloids in the 
bark are present as tannates and therefore 
difficult to extract with acidified EtOH or 
HjO. On the same bark all hitherto known 
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methods were tried and yields varying from 06 
to 1-7% crude total alkaloids were obtained. 

ErrKAcnoN (Siddiqai e< al, J e.). — Dry 
powdered bark is percolated with a miztnre of 
80 parts of EtjO and 10 parts EtOH, ahaken 
with lOparisof NH4OH. The total alkaloids are 
precipitated by passing gaseous HCI through 
the percolate. The precipitate is dissolved in 
HjO and sodium sulphate is added when a first 
fraction of “ insoluble sulphates ” is obtained 
(0 17% calculated for free base). The mother- 
liquor from the insoluble sulphates a made 
alkabne and exhausted with ether, when 2 1% 
“ etber-soluble bases " are obtained A fraction 
of this ether residue is soluble in light petroleum 
and 13 subsequently precipitated from the moist 
petroleum with CO,, while a fraction remains in 
the solvent. The bases insoluble in bght 
petroleum are fractionated from CH,-CO,Et 
with CO,. Finally three mam fracitona ate 
obtained ‘ 

(а) Sulphates insoluble in H,0. 

(б) Carbonates insolublo in light petroleum. 

(e) Bases soluble in Lglit petroleum. 

Fratlion (c) (tertiary bases) gives 0 4-0 5% 

conoistne; Uat traces of other alkaloids ate 
removed by the " light petroleum carbonate 
method.” Concssme may bo purified by re- 
crystallisation of its hydrogen osalat* (Pjman, 
J.C.S. 1919, 163 i Kanga, Ayyar and Simonsen, 
/e.). From tbo mother liquors of the oxalate, 
the bydrobromides are prepared and tbe base 
fractionally precipitated from thia salt, tbe 
middle fraction yields isoconrmmine. 

Fraehcn (6) contains seconda^ bases which 
are stranger than conessine. The bases were 
fractionally precipitated with ammonia, the 
first fraction contaicung ” insoluble sulpbates ” 
and a fraction of *' soluble sulphates.” lie 
third fraction contains some more eoneasine 
and chie^ ” carbonates insoluble 10 Lght petro- 
leum.” The latter are united with the middle 
fraction and tbe hydnodidea precipitated with 
Kl (03%). AfterrcciyataUisationlrom MeOH 
and E10H the carbonate is precipitated from 
bght petroleum solution, the free base prepared 
and recrystalliscd from moist C H , C O ,Et, when 
pure conessimine (0 02%) is obtained A later I 
description (Siddiqui, J. Indian Chem. Soc. ' 
1034, 11,284) recommends dissolving fraction (6) 
\n moist CH,'CO,Et and precipitating the more 
strongly basic di secondatyeonimineascarbonate 
whilst eoTMtimtne and tsoconeasimme remain 
in solution and are separated from each other 
by means of fractional ciystalUsation from 
CH,'CO,Et in which tsoconessuuine is more 
soluble tlmn conesslmme. 

Fraction (a) is treated with 10% HCI, the 
white granular residue is dissolved in 10% 
alcohobc HCI and the sulphates precipitated 
from tbe hot neutralised solution with H,SO,. 
The recovered bases are recrystalliscd from 
MeOH— CH, CO,Et. when holarrhine (002%) , 
separates ; the concentrated motber- 

bquors AoiarrAimine is obtained. 

Bertbo, von Schuckmann and SchSnberger 
(Ber. 1933,66,(8]. 786) fractionated commercial 
mother-liquors of the fraction soluble In Lght 
petroleum (Siddiqui’s fraction e) with con ^ 
essine aa chief constituent). By a process not 


given in detail they isolated three new alkaloids; 

' eoneiaidine, eonkurehine, and kurchtnine (yidd of 
each alkaloid about 10% of conessme obtained), 

Haworth (J.C 2. 1932, 631), by extracting the 
seeds of U. anlidyienlenca, obtained conessme 
and noreonesnne. The two bases were separated 
1^ the hydrogen oxalate method. 

Sudfaamoy. Ghosh and N. N. Ghosh (J. Indian 
Chem. Soc. 1928, 5, 477) extracted Kurchi bark 
with EtOH. The total alkaloids (1’3%) were 
first precipitated with tartaric acid, when the 
tartrates of conessme and kurckicinc separate, 
tbo two alkaloids are fractionated by rccrystal. 
Itsation of tbe sulpbates and the free bases from 
CHCt, and bght petroleum. The mother 
bquors from the precipitated tartrates contain 
kurehtne. 

Peacock and Chowdhiiry (J.CS. 1935, 734) 
exhausted Kurchi bark with EtOH ; from the 
crude alkaloids (1%) they obtained an insoluble 
hydrochloride fraction which yielded a new 
aUcaloid letloeim (0 1%). 

UoLAR&iiENiNE IS SH alkaloid extracted with 
very dilute HCI from the bark of //. e£)n(7oiensis 
(Pyman, l.e ) ; conessme (0 9%) was removed 
from the crude alkaloids by shaking out the 
alkabne solution with light petroleum. Tbe 
alkaline mother bquors were m turn extracted 
with Et,0, when a small quantity ofbolarrhen- 
me was obtained. 

Tbe separation of the holarrhena alkaloidt 
u extremely difficult and it is not clear yet 
whether tbo number of bases can be reduced 
owing to tbo fact that several of those isolated 
are identical (r/. Siddjqui, be. and Bertbo tt af , 
U.). 

Conessme (I), C.,H„N,. [aJo -I9‘ 

(in CHCI,) or +21-6® (m ausolnte EtOH), 
m p. 126* crystallises from acetone in short 
needles or large pnsmatio plates, easily soluble 
in all cyanic solvents. (I) is a ditertiary base 
containing three NMe-groups; it is sensi- 
tive to bght and atmospneno influences. 
B2HCI eilky needles (from MeOH-acetoue), 
Wo 32°, mp. 338-340" s B2HI colourless 
bars, easily soluble in MeOH, less bo in H,0 or 
EtOH ; B HgCI,-f2HCI needles, sparingly 
soluble also in hot H,0 ; B dimethiodide, 
sbgbtly yellow octahedra, easily soluble in H|0 
or EtOH, mp. above 285°, it yields NMc, on 
distillation with AgOH. 

Conessimine (II) (Siddiqui tl alp l-c.), 
[a]” -22 25° (in CHCI,), m p 100°, 
microscopic needles (from dry bght petroleum, 
CHj-CO.Et or acetone), or m p. 91° (dihydxate), 
longslenner needles (from moist CH, CO,Et). 
b p. 230°/I-8 mm. (11) contains two N— Me* 
groups and one active H*atom (Zerewitinofl'). 
Mono - nitroso - compound, mono - bemoyl (H). 
m.p. 121°, monoacety]-(II) (od). (II) yields (I) 
on metbylation with HCHO and HCOOH ; 
(I) therefore is mono-methyl (11). B carbonate 
unstable; B 2HCI amorphous, exceedingly 
soluble m H,0 and EtOH, [a]” —151°. 
lap. 312°; B2HI, m.p. 318-319° (froo 
! B pieratc, Jong rectangular plates 
(from EtOH) very sparingly soluble, in hot 
H,0. 
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Holarrhimine (III) (Siddiqui et al., l.c.), 
CjiHjeONj, [a]“ -14-19°, m.p. 183°, crystal- 
lises from CHj-COjEt in star-shaped radiating 
needles. (Ill) is Yery soluble in EtOH and 
CHClj, almost insoluble in EtjO and light 
petroleum. Diacidic base, no OMe or NMe 
groups, three active H -atoms (Zerewitinoff). 
B-carbonate is unstable. B-2HCl,[o]„ —22-80°, 
m.p. 345°, broad plates, easily soluble in EtOH, 
less so in HjO ; B-2HBr thin plates and -broad 
needles, m.p. 358-360°, sparingly soluble in 
HjO ; B-picrate yellow plated, m.p. 198-200° 
(anhydr.), fairly soluble in hot HjO. 

Holarrhine (IV) (Siddiqui, et al., l.c.), 
C20H38O3N2, [ag -17-01°, m.p. 240°, crj^stal- 
lises from MeOH — CHj-COjEt in needles, 
easily soluble in MeOH and EtOH, snaringly 
so in CHCI3, almost insoluble in CHj-COjEt, 
EtjO or light petroleum; (IV) appears to be a 
secondary base. B-piorate semi-crystalline 
powder, m.p. above 320°. 

isoConessimine (Siddiqui H al., l.c.) (V), 
C23H38N2, [a]^® -f30-0° (in absolute EtOH), 
m.p. 92°, crystallises from light petroleum or 
acetone in needles, from moist CHj-COjEt, as 
dihydrate, m.p. 88-92° ; (V) is readily soluble 
in all organic solvents, it contains two NMe- 
groups and one active H-atom (Zerewitinoff). 
(V) on methylation with HCHO and HCOOH 
yields (I), (I) therefore is monomethyl-(V); 
N-benzoyl-(V) m.p. 159-160° and N-acetyl- 

(V) m.p. 127-128° are monoaoidic bases. 

(V).carbonate is unstable, B-2HCI is crystal- 
line, m.p. 335°, exceedingly soluble in HjO or 
EtOH ; B-2HI needles, m.p. 316°, readily 
soluble in cold HjO (difference from (I)) ; 
B-picrate, yellow rectangular plates and broad 
needles from dilute EtOH, m.p. 198-200° 
(anhydr.). 

Conimine (Siddiqui, elal.,l.c.){'Vl), 022 ^ 3 ^ 1 ^ 2 , 
[a]n —80° (in absolute EtOH), m.p. 130°, 
crystallises from fairly concentrated solutions, 
EtjO, light petroleum CHg-COjEt, or acetone 
in needles, from moist CHj-COjEt as hydrate. 

(VI) contains two active H -atoms (Zerewitinoff) 
and one N M e-group. (VI) on methylation with 
HCHO and HCOOH yields (I) ; (I) is di- 
methyl-(VI), N, N-dibenzoyl-(VI) m.p. 250°, 
N, N-diacetyl-(VI) (m.p. 139-140°), N, N- 
dinitroao-(VI) m.p. 206-207°. B-2HCI needles, 
m.p. 318-320°, easily soluble in EtOH and 
HjO ; B-2H1 prismatic rods, m.p. 293°, fairly 
soluble in EtOH, less in HjO ; B-picrate, 
brilliant yeUow prismatic rods from HjO, 
m.p. 140-141°, very sparingly soluble in hot 
EtOH and HjO. 

Conessidine (Bertho et al., l.c.) (VII), 
CarHjaNa, [0]^^ -52-2° (in CHCI3), m.p. 123°’ 
crystallises from acetone in thin needles or 
thick crystals. (VII) contains one NMe- 
group. B-2HI faintlj’’ yellow needles from 
HjO, m.p. 259° ; B-2HCIO^ thin needles from 
HjO, m.p. 243° (decomp.). 

Conkurchine (Bertho et at, l.c.) (VIII), 
Wd -67-4° (in EtOH), m.p. 153°, 
crj-stalh'ses from EtoO or EtOH— HjO in 
small needles, easily soluble in CHCI3, MeOH, 


EtOH, acetone, benzene, sparingly soluble in 
ELO or light petroleum. (VIII) does not con- 
tain NMe-gioups. Methiodide amorphous; sul- 
phate m.p. 342°, oxalate m.p. 325°, and acetjd- 
compound m.p. 233° are crystaUine. 

Kurchenine (Bertho et at, l.c.) (IX), 

C2,H330 3 N3, [af^ -92° (in 2N-HCI), m.p. 
335-336°, crystallises from MeOH in thin 
leaflets, insoluble in EtjO, sparingly soluble 
in MeOH and EtOH. (IX) does not contain 
OMenor NMe-groups. B-sulphate crystalline, 
Md -78-3° (in H^O). 

Norconessine (Haworth, l.c.) (X), CjsHgjNj, 
[“Id +6-7° (in absolute EtOH) is an oil b.p. 
240/0-7 mm., very readily soluble in all 
organic solvents, it contains three NMe-groups. 
B-oxalate nodules, m.p. 225-227° from EtOH 
or H2O ; B-2HCI slender needles from EtOH- 
acetone, m.p. 340° (decomp.) ; B-dimethiodide 
pale yellow prisms m.p. 310-312° (decomp.). 

Kurchicine {Ghosh et at, l.c., and .Ghosh and 
Bose, Arch. Pharm. 1932, 270, 100), (XI) 
CjoHasONs, -11-4° (in CHCI3), m.p. 

175°, cr3-stallises from CHCIj-light petroleum in 
needles, easily soluble in EtOH and CHCI3, 
sparingly soluble in benzene and acetone, in- 
soluble in light petroleum. B-2HCI needles, 
easily soluble in HjO, less so in EtOH, m.p. 
above 200° ; B-H2S04,2H20 sparingly soluble 
in cold HjO, leaflets, m.p. above 270°. 

Kurchine (Ghosh et at, l.c.) (XII), C23H38N2, 
[a]^^ -7-57° (in CHCI3), m.p. 73-75°, b.p. 
233°/l mm., crystallises from Et20 in needles, 
easily soluble in most organic solvents. 
B-2HCI,H20 rhombic needles from H2O, 
easily soluble in HjO, less so in EtOH, decomp, 
about 220° ; B-2HBr needles from HjO, 
easily soluble in HjO and EtOH ; B-HjSO^ 
flat needles from H2O, sparingly soluble in cold 
H2O, decomp, at 270°. 

Lettocine (Peacock and Chowdhury, l.c.) 
(XIII), Cj,H 2502N, light-brown, microcrystal- 
line powder (from CHClj-h'ght petroleum), m.p. 
350-352°, soluble in EtOH and CHCI3, 
sparingly soluble in EtjO and light petroleum ; 
B-picrate, m.p. 198° (from absolute EtOH) ; 
B-methiodide, m.p. 235° (from hot MeOH). 
Does not yield an acetyl-compound. 

Holarrhenine (Pyman, l.c.) (XIV), 
[“]d — 7-51°, m.p. 197—198°, 

crystallises from CHj-COjEt in silky needles 
and is readily soluble in EtOH .and CHCI3, 
sparingly so in cold CHj-COjEt, acetone, or 
EtjO. B-2HBr flat needles (from HjO), 
m.p. 265-268°. (XIV) contains three NMe- 
^oups and yields an acetyl-compound which 
is still diacidic. 

Constitution of Holibehena Aekaloids. 
— ^It has already been mentioned that (I) is 
obtained by introduction of one M e-group into 
(II) or (V) and of two M e-groups '^into (VI) 
(Siddiqui. l.c. 1934, 288, 290). Bv demethyla- 
tion of (I) with BrCN (von Braun's method)'(V) 
and (VI) are obtained (Siddiqui cl at, J. Indian 
Chem. Soc. 1934, 11, 787). They conclude from 
their e.vperiments that in (I) one N atom is 
purely aliphatic forming the group — NMe,; 
the second N-atom as ^NCHj is a member of 
'a heterocycho ring-system. 
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(I) contam'i one double.bond and yields 
dikyiro-conesixnt m p. 105® on hydn^cns- 
tion (Sp&th and Hromatks, Ber. 1930, 63, 126 ; 
Osada, Amer. Chem. Abstr. 1928, 22, 429) ; 
bramine is added (UInci, Arcb, pharm. 1918, 
256. 76) and vith H{S04 and KIOj (I) may be 
oiidised to diory conetsint m p. 291— 295* 
(Wamecke, Ber. 1886, 19, 60 ; Ulnd, Le,H ; 
Giemsa and Halberkann, Arch. Fbarm. 1918, 
256, 201). The Hofmann and Bmde degrada* 
tion of (I) Tras studied by SpSth and Hromatka 
{J c , with information concerning earher results) 
The first step of the degradation of (J).djinctlio- 
faydroxide removea the abphatic N atom, opens 
the heterocjcljc ting, and yields apoconesstne, 
m p 69° {see Kanga, Ayyar and Simonscn. 
( e.) Apo^ncsstne is then degraded by Bmde’a 
method, when a nitrogen free compound, 
m p. 74-76° is obtained Oxidation experi- 
ments did not show any results ; no benzene- 
ring seems to be present in (I). Sp&th and 
Hromatka conclude that (I) contains four 
reduced carbocychc nngs and a hetero cyclic 
group with a side chain containing a double 
bond. The double bond may bowerer be 
in the betero-nng No further details about the 
constitution of the Knrehi alkaloids are known. 

PitYsrot-ociCAi AcnoK op Ktracin Auca- 
LOiDS — Bark and seeds of Uclarthena anti- 
rfy«»^«riea arc u*ed m India against dysentery. 
Acton and Giopra (Indian Med. Gaz. 1929, 64, 
207, quoted by Ghosh and Bose, { e ) state that 
the total alkaloids of Kurchi-batk havo an action 
Lke emetine, hut they are less expensive and exert 
no blood depressor action , the lodo bismuth 
compound of the total alkaloids is given orally 
(tf. also Brown, Bnt. Med. J. 1922, 1, 993) The 
physiological action of the bark and its extracts 
in the treatment of intestinal troubles may also 
be due to the fact that the tannates, as wUcb 
the alkaloids occur, would remain undissolved 
in the acid juices of the stomach and pass on 
to the seat of the disease in the intestines 
(SiddiQui, I e ) Pure conessme gires unex. 
pectedly poor results ; evidently some other 
alkaloid present in “ conessine ” u responsible 
for the antidyscnfery action. 

Conessine does not influence bird malarie 
(Goodson, Henry and Slacfle, Biochem. J. 1939, 
24, 874), bat even in very dilute solution iti 
acts on tubercle bacilli (Meissner and Hesse, I 
Arch. exp. Path. Fbarm. 1930, 147, 339). j 
For action ofnorconessme,f/. White (J.Pbann, 
Fxp. Ther. 1933, 48, 79) and of hoUribenine, 
ef. Bum (J. Phamiaco]. 1915, 6, 305, quoted by 

Ecu. 

CONGLUTIN. A globulin protein con- 
tained in the seeds of lupins. 

CONHYDRINE one of the several poison, 
ons alkaloids found in hemlock, e.Connns 
Aixaroins. 

CONICEINE Y-. S'. *, and v. 

CoxicM Alkaloids. 

CONIFERIN, C,*H„0,.2Aci, mp. 185", 
[a]p —67°, the P glucoside of the fir tree, yields 
glucose and coniferyl alcohol when hydrolysed by 
emulsin. It has the formula : 

C|H„0»-O C.H,(OMe) CH:CH CH,OH 


Oa careful oxidation with chromic acid gluco. 
vanillm is formed which may be further oxidi^ 
to glucovaniJlic acid or reduced to glucovaniUyl 
alcohol. All three glucosides are hydrolysed by 
emulsin. Conlferin at one time was used for the 
synthesis of vanillin. 

It has been synthesised by Pauly and Feuer- 
stem (Ber. 1927.60, [B], 1031) viaglueocomferyl 
aldehyde, which can be reduced by the rather 
unusual method of adding it to a solution of 
sugar undergoing brisk fermentation. 

It was discovered in the cambial sap of Xenz 
tUadua Mill , and occurs in the saps of the 
conifers m general ; it is found also in beetroot 
and asparagus. 

It crystallises in colourless rosettes of pointed 
needles, sparingly soluble in cold water. The 
aqueous solution has a sbgbtly bitter taste. 
When moistened with phenol and concentrated 
hydrochloric acid, an intense blue colour m 
formed ; it is soluble in concentrated sulphune 
acid with a red coloration. 

E. F.A 

CON I INE V. CoNiuM Alkaloids. 

CONIMINE V. COMESSXME and Mivox 
AlKAUIIDS TBOM HoLAHBHENA 8PP. 

CONIUM ALKALOIDS. Comine is one 
of several pouonous alkaloids found in hemlock, 
Conium maeulatum Lmn. (Fam. UmbeUifera) 
(0 2*0 9% in not quite npe seeds). Ilemlock 
(Fr. Gronde Cxgvt 5 Ger. Oxflschierltn/j) u a tall 
biennial of the temperate regions of Europe, 
Asia and Amenca and was the essential in* 
gredient in the potion administered to con> 
demsed cnminals by the Greeks. Besides d- 
and /.coniuies, hemlock contains N.methyld- 
and Lconiioe, y coniceme, conhydrine, and 
psendoconhydnne. Power and Tutia (J. Amer. 
Chem.Soc 1905, 27, 1461} found a similar nu- 
ture of alkaloids m fool’s parsley {Ailhusa 
Cynajnum Lmn ). 

Extra (TT ioN. — According to Chemnitius (J. pr. 
Chem 1928, [u], 118, 25) coniine is prepared from 
finely ground seeds (04~05% total elksloids) 
by mixing with wood wool, moistening with 
15% aqueous NaOH, and extracting four times 
with warm EtjO in a copper vessel The 
concentrated extract is acidified with 50% acetic 
acid and Et.O totally evaporated. After cooi- 
ng, aohdifiea u skimmed off, and the acid 
solutions are washed with EtjO, excess of 33% 
NaOH is added, the alkaloids extracts 
with ether and finally fractionated in a current 
of hydrogen. The fraction boilmg up to 165° u 
converted into conune salts ; at 166-174 
“ conjinum purum ” of commerce distils and 
the distillate above 174° is fractionated for 
eominvm purum and conhydrine. If the tem- 
perature is not raised above 183° conbydrine 1* 
left behind. 

According to von Braun (Ber. 1903, 38, 3108) 

, if the fraction boiling up to 190° (containing no 
conbydrine) is benzoyUted, the unchanged 
tertiary N-melhyleoniines can be removed from 
the ethereal solution by dilute acid. The clhered 
solution is concentrated and poured into bght 
petroleum when most of the benzoyl-8 ammo- 
bntylpropyUcetone formed by interaction 01 

I benzoyl chloride with y-com'ceine is precipiUfed. 
The solvent U then distilled off and the residue 
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fractionated when the henzoyl-d- and i-coniines 
distil at 2OO-2IO7I6 mm., and are thus 
separated from any residual derivative of 
y-coniceine Benzoyl-S-aminobutylpropylketone 
and the benzoyl-coniines can easily be converted 
into the parent alkaloids by hydrolysis. ^ 

Pseudoconhydri ne usually accompanies con- 
hydrine, from which it can he separated as 
EtOH-insoluble hydrochloride (Loffler, Ber. 
1909, 42, 116). For separation of coniine and 
pseudoconhydrine, see Spath, Kufi&ier and 
Ensfellner (Ber. 1933, 66, [B], 591). 

d-Coniine (I), CgH^N, [a]” -H5-7°, m.p. 
—2°, b.p. I66-I677V6O mm., is a colourless, 
strongly alkaline liquid having a peculiar pene- 
trating odour and a burning taste. (I) is slightly 
soluble in cold HjO, less so in hot (turbidity on 
heating) ; it is steam-volatile and easily soluble 
in EtOH, readily soluble in EtgO, sparingly so 
in CHCI3. Exposed to the atmosphere (I) slowly 
darkens and resinifies. (I) dissolves in CSg 
forming a complex thiocarhamate (Melzer, Arch. 
Pharm. 1898, 236, 701). B-HCI, large rhombs 
(from H2O), m.p. 220° ; B-HBr needles, m.p. 
211° ; Bj-HjPtCIg.HjO orange-yeUow crystals 
from H20,m.p. 175°; B-AuCI^, m.p. 75°; B-pic- 
ronolate, m.p. 195-5° (Warren and Weiss, 
J. Biol. Chem. 1907, 3, 327). For dissociation 
of (I) and its salts, see Kolthoff (Bioehem. Z. 
1925, 162, 303). 

/-Coniine, [a]^^ —15-3°, occurs oidy in small 
amounts; it closely resembles its d-isomeiide. 
Ahrens (Ber. 1902, 35, 1330) reports slightly 
different melting-points of the salts, which state- 
ment is not confirmed by Loffler and Friedrich 
(Ber. 1909, 42, 107). /.Coniine may be obtained 
from conhydrine through )3-coniceine (Loffler 
and Friedrich, l.c.). 

N-methyl-d-coniine (11), CgHijN-CHj, 
[<i]“= -f81-3°, b.p. 173-174°/760 mm., is a 
colourless oily liquid resembling coniine which 
may be obtained according to von Braun’s 
method (Ber. 1905, 38,3108). Of the two methyl- 
coniines the d-form predominates. (II) is best 
obtained by methylation of (I) with HCHO and 
HCOOH (Hesse and Eichel, Ber. 1917, 50, 
1401). Methyl-iso-pelletierine hydrazone yields 
racemic methylconiine when heated to 150-170° 
with Na-ethoxide (Hess and Eichel, Ber. 1917,50, 
1396, cf. also Hess, Ber. 1919, 52, [B], 1622). 
B-HCI, needles, m.p. 188°; B2-H2PtCl5, 
m.p. 158°. 

N-methyl-/.coniine, [alp -81-9°, shows a 
similar behaviour to (11) ; for further details, 
see Ahrens (l.c.). 


Conhydrine (III), CgH^ON, [«]„ +10°, 
m.p. 121°, b.p. 226°/760 mm. crystallises in 
colourless leaflets from Et20. (Ill) is a strongly 
basic substance, soluble in EtOH and CHCIj, 
moderately so in HjO and sparingly in EtgO. 
N -benzo}d-(III), m.p. 132°. Dissociation con- 
stants of (III) (see Kolthoff, l.c.). 

Thesaltsof (HI) are crystalline, the anrichloride, 
small rhombs or prisms melts at 133°. 

Pseudoconhydrine (IV), C.Hj-ON, Mn 
+ 11-0° (in EtOH), m.p. 105°-106° from dry 
ether in slender needles, or m.p. 80° from moist 
ether in plates, b.p. 236-236-5° (for further 


details and for separation from (III), eee Loffler, 
Ber. 1909, 42, 960). N-benzoyl-(IV), m.p. 
132-133° (Spath, Kuffner and Ensfellner, l.c.). 
(IV) is a strongly alkaline base yielding crystal- 
line salts, B-HCI, m.p. 212—213°; B-HAuCI^, 
m.p. 133-134°; B2-H2PtClc slender golden- 
yellow needles, m.p. 185-186°. 

y-Coniceine (V), CgHjjN, optically Inactive, 
b.p. 171-172°/746 mm., is a coniine-like oil, 
strongly alkaline and almost insoluble in HgO. 
It is separated from (I) by von Braun’s method 
(Ber. 1905, 38, 3108). (V) on reduction yields 
rae. (I). The salts of (V) are crystalline, 
B-HCI, m.p. 143°, hygroscopic; B-HBr, m.p. 
139°; Bg-HgPtClg, m.p. 192°. 

Other coniceines, a-, /3- (=allylpiperidme), 
S-, €-, and 0-coniceines are synthetic products 
and have been obtained in various ways from (1), 
bromo- or iodo-(I), conhydrine and pseudo- 
conhydrine (for references, see Loffler el al., 
Ber. 1904, 37, 1879 ; 1905, 38, 3326 ; 1909, 
42, 94, 107, 122, 929, 948, 3420). 8- and 
e-coniceines contain a bicyclic ring-system. 

Constitution and Syntheses. — (I) is 2-n- 
propylpiperidine, since by zinc-dust distillation 
of the hydrochloride, conyrine, a-71-propylpyrid- 
ine, is obtained, (I) was first synthesised and 
resolved by Ladenburg (Ber. 1886, 19, 430, 
2578; 1889, 22, 1403; 1906, 39, 2486) and was 
the first synthesis of a natural alkaloid; the 
method has been modified several times (Ber. 
1909, 42, 94; 1917, 50, 139). More recent 
syntheses are recorded by Lautenschlager and 
Onsager (ihxd. 1918, 51, 602) and Koller 
(Monatsh. 1926, 47, 393). For synthesis of rao. 
(I). see also Bergmann and Rosenthal (J. pr. 
Chem. 1932, [ii], 135, 277), rae. (I) is also 
obtained by ring-opening of indolizidine with 
BrCN (Ochiai and Tsuda, Ber. 1934, 67, 1011 ; 
cf. also Diels and Alder, Annalen, 1932, 498, 43). 

Synthesis of (II) by methylation of (I), see 
above (Passon, Ber. 1891, 24, 1678 ; WolJffen- 
stein, ibid. 1894, 27, 2611 ; Hess and Eichel, 
l.c. 1917). 

Conhydrine (III). — ^Willstatter (Ber. 1901, 
34, 3166) obtained /-piperidine-2-carboxylic acid 
by oxydation of (IH) with CrOg and sug- 
gested that the hydroxyl-group in (III) must be 
located in the side-chain. The correct formula 
for (HI) was first proposed by Engler and Bauer 
(ibid. 1894, 27, 1779) and has received con- 
firmation by the work of Hess and Eichel (ibid. 
1917, 50, 1386) and Spath and Adler (Monatsh. 
1933, 63, 127). 
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Pseudoconhydrine (IV) isabydroxyconiin^ 
since treatment with H i yields an iodo (I) nhich 
on reduction forms d (I). The location of the 
hjdfoxjl group in the pipendine nag was first 
adiiocated by Loftier (Ic. 1909, 116); Sp&th, 
Kuffner, and Ensfellner (1 c 1933) demonstrated 
that (IV) 13 2-n propyl-5-hydroxy pipendine. 

By Teraoving the elements of HjO frtaa (IV) 
coniceine is obtained (LofBer, I c 1009. 122). 
>fi Coniceine (V) — Beside its natural occur- 
rence (V) may be obtained by interaction of (III) 
and PjOjOrfummg HCI at 200-220®. IiofiBer 
and T.ichunLe (Ber 1909, 42, 915) suggest (V) 
to be unsaturated comine. (V) has been 
synthesised by Gabriel (liitf. 1909, 42, 4059) by 
hydrolysing S phtbalizmdo-butylpropylketone. 

HO HC CH, 

I I . 

HjC CHPr 

IV 



I II a 

HjC CPr 

V. 

Tor colour reactions of conium alkaloids, tee 
Diilmg (Phaim J 1909. 29. 34. 70, 102 . 
lliochem. J. 1009, 4, 286) lor separation of 
nicotine anJ (I), tee Ilcut (Arch Pbarui 1893, 
231, 370) For microcheraical reactions of (I), 
tec Colo (Pliihppino J. Sci 1923, 23, 97), 
Kosenthalcr (Arch Pharoi 1927, 2^, 319) and 
MsgcnttrlB 1929, 869) Per analytiul data. 
eft I’eiohard (Pharm Centr 385) Krayer 
Arch exp. Path Pharm. 1931, 162. 343) detects, 
traces of (1) by micro sublimation of the 
liydrochlondc 

PjivsiOLOOiciL Acnov of CoMtiai Alka- 
loids (Henry, "Plant Alkaloids,” 2nd ed ,p 38). 
— All alkslouU contained in hemlock are 
poisonous. They produce paraly sis of the motor 
ncnc terminations and stimulation followed by 
depnssion ol fiie centra'i nervous system. 
Bcspimtion IS generally occeltratcd and 
deepened at first but eientually becomes slow 
and finallv ccu»cs uhde the heart is slil) strong 
and coi]«itou3ncsa has }ust disappear^. By 
introduction of a double linking as in y coniceine 
the toxicity 13 greatly increased, whilst by the 
insirticn' of a liydrovyl group, as in the coo- 
hidnncs, it is much reduced. 

Schl 

CONKURCHINE r. Covessi>eak*> Minou 
AtK\ioiD« ir.OM Houakriilsa SPP. 

CONNELLITE. A rare mineral consisting 
of Imsic chloru sulphate of copper with the 
approximate formula 

2CuCI, CuSO, 10Cu(OH), H,O, 
corrcsiKJiiding to buttgenbachito (?») with 
sulphate in place of nitrate. It forms xelvet- 
Uko cruats of minute hexagonal pnsms with a 
rich blue colour. First obsened in fh« 18th 


century in CJomish copper mines, it has sines 
been found in quite small amounts at a fev 
other localities. 

L.J.S. 

CONQUINAMINE e. Cikchona Alki. 
LOIDS (this \ol., p. 160c) 

CONQUININE V. Cinchova Alkaloids 
(this vol . p 109S>) 

CONSTANTAN, A nickel copper aUoy. 

CONTRAMINE. Dietbylammonium di. 
ethyldithioearbamate {Bnltsh Drug Houett, 
London), BBC. 

CONVALLAMARIN and CONVAL- 
LARIN. Glycosides found in Convallaria, the 
dned inflorescence of Coniallana majalii L 
(lily of the valley) v. Cardiac Glycosides 

CONVALLATOXIGENIN v. Caeduc 
Glycosides. 

CONVALLATOXIN v. Caeduc Glyco 

SIDES. 

CONVICINE. A glycoside found in letch 
seeds, it yields on hydrolysis alloxantin, ammonia 
and a hexose. 

CONVOLVULIN, C„H„0„. mp 150®, 
13 the glycosidie resin from the Tvlera Jalapx, 
known as jalap resin, and like the roots of 
several species of the Convolvulaeeai family, 
bos long been used as a purgative. 

Convolvuhn, on dissolving m alcohol and 
reprecipitating with ether ( VotoCek and Valentin, 
Coll. Trar. Chiro. Tcb^coslovaouie, 1929, 1, 
477) IS separated into an ether soluble glycoside 
containing the raro sugar epirhamnose and an 
ether insoluble compound, rhamno convoIvuLe 
acid, Cj2Hp,0}2>7Aq , which is hvdrolyscd to 
glucose (4 mol ). rbamnose (3 mol }, and ion- 
volvuiinolic acid which Votot^ek and Prelog 
(CoU. Trav. Chim. Tch6coalo\aquje, 1020. 1. 55) 
have proved to be 2 ll-dihydroxy-palmitio 
acid They have suggested that m the glycoside 
tho hydroxyl groups each carry 2 glucose mole- 
cules and 1 rbamnose molecule united to fotni.4 
tnsaccbaride. The same hydroxy palmitic acid 
la found also in lurpelJun, which contains the 
eugara rhodcose and glucose. 

E F. A. 

CONVOLVULUS PSEUDOCANTAB- 
RICUS, ALKALOIDS OF.— C. jiaeudo- 

evn'aknwn CwiW.'ivJ.iA'tE.'.'.'iui.- 

digenous to Middle Asia ; it was first investigated 
by OrccboffandKonowaiowa(Arch. Pharm 1933, 
271, 145), who isolated four alkaloids Ground 
seeds arc moistened with 23% ammonia end 
then percolated with benzene. The benzene is 
extracted with HCI, which after addition of 
ammonia is extracted with CHClj. On evapo- 
ration the CHClj leaves the crude, ecini solid 
alkaloids (0 400%) This residue is taken up 
in absolute EtOH ; by addition of alcoholic 
' HCI a crude mixture of the bidroehlondcs of 
coniohine (I), coniolaiuine (11), and coniol 
Tidino (III) IS obtained The oily roother-hquor 
contains convoliicine (IV). (I) and (11) 
aeparated by the different aoluhihty of thcit 
hydrochlorides, that of (II) being easily solul c 
IQ absolute EtOH. By rccrystallismg crude (1) 
from hght petroleum, a amall insoluble fraction n 
obtained, from which (HI) was isolated (Ortchou 
and Konowalowa, Bcr. 1934, 67, (B). 1153). 
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10 kg. of seeds yield 153-5 g. (I)-HCI, 10-7 g. 
(II)-HCI, 3-8 g. (III)-HCI, and a small amount 
of (IV) (Orechoff and Konowalowa, Ber. 1935, 
68, 814). 

Convolvine (I), CiaH^iO^N, m.p. 115“ 
(from light petroleum), optically inactive, 
crystallises in colourless needles, easily soluble in 
EtOH, CHClj, and acetone, sparingly soluble 
in hot HjO, EtjO, and light petroleum. (I) is a 
strong base, the salts are crystalline : B-HCI, 
m.p. 260-261° from EtOH in which it is 
sparingly soluble ; B.oxalate, m.p. 265-266“ 
from EtOH; B-HNOj, m.p. 212-213“ 
from EtOH ; B-picrate, m.p. 261-263“ 
needles from EtOH ; B-cliloroplatinate, m.p. 
240-241“ insoluble; B-chloroaurate, m.p. 217“ 
from hot HjO; B-methiodide, m.p. 230-231“ 
from hot HjO. On alkaline hydrolysis (I) 
yields a mixture from which Orechoff and 
Konowalowa (1935, l.c.) isolated veratric acid 
and nortropine, which shows that (I) is vera- 
troyl-nortropeine and has the following struc- 
ture: 


CH, 


CH, 


-pH— oMe 

N R CH O-CO-/^\oMe 

I / 

-CH CH, 


(I : R = H) 


(II : R = Me) 


By methylating (I) at the secondary N-atom, 
convolamine (II) was obtained. 

Convolamine (II), Ci,H2304N, m.p. 114- 
115“ from light petroleum, optically inactive, 
crystallises in stout prisms, easily soluble in 
EtOH, acetone, CHCI,, and benzene, sparingly 
soluble in Et^O and still less in light petroleum 
and hot HjO. The salts are crystalline : 
B-HCI, m.p. 237-239“ from EtOH; B-pio- 
rate, m.p. 263-264“, decomp, plates from hot 
EtOH or HjO ; B-chloroplatinate, m.p, 
216-217“ needles from hot dilute HCI ; 
B chloroaurate, m.p. 201-202“ (needles from 
hot dilute HCI ; B-methiodide, m.p. 257-259'^ 
colourless needles from HjO. On hydrolysis 
with caustic soda (II) yields veratric acid and 
tropine, it has therefore the structure (II) above. 
The base has been synthesised by interaction of 
veratroyl-chloridc with tropine (Orechoff and 
Konowalowa, 1934, l.c.). 

Convolvidine (III), CajH^^OjNj (?), m.p. 
192-193“ (from EtOH), optically active, 
crystallises in small colourless needles, easily 
soluble in CHClj, sparingly soluble in EtOH 
and acetone, insoluble in H^O, EtjO, and 
light petroleum. The salts are only sparingly 
soluble, B-picrate, m.p. 229“-231“, easily soluble 
in hot acetone. On alkaline hydrolysis (III) 
yields veratric acid and a base not yet identified 
(Orechoff and Konowalowa, 1935, l.c.). 

Convolvicine(rV), CjqHjjNj, oily base, b.p. 
100-125“/5 mm. or 250-260“/760 mm. Becomes 
yellow when exposed to the atmosphere. Easily 
soluble in HjO and the usual organic solvents. 
B-picrate, ih.p. 200-202“ needles from hot 
H,0. The two N-atoms apparently have a 
different basicity. 

Orechoff points out that in the seeds 90% of 
the alkaloids present are (1), whereas the leaves of 


the plant contain (I) and (II) in about the same 
amount. During vegetation (II) seems to be 
slowly transformed into (I) (phytochemical 
demethylation). ' 

Schl. 

COOK’S ALLOY. An alloy containing 
43% zinc and 57% antimony. 

COOPER ITE. Platinum sulphide, PtS, 
as tetragonal crystals, with the unit-cell dimen- 
sions a 4-91, c 6-10A. As minute grains it 
appears to be the main platinum-bearing com- 
ponent of the concentrates from the Bushveld 
norite, Transvaal. When first described by 
R. A. Cooper (J. Chem. Met. Soc. S. Africa, 1928, 
28, 283 ; 1929, 4, 268, 275) it was thought to 
be PtSj and isomorphous with sperrylite 
[PtAs 2 ] ; later H. Schneiderhohn (1929) 
described it as orthorhombic and isomorphous 
with marcasite [FeSj] ; while one crystal 
described by H. R. Adam (1931) as cooperite has 
since been proved to be laurite [RuSj]. This is 
a case where chemical analyses have been made 
on mixtures, and crystaUographio determina- 
tions have been made on single grains picked out 
from the mixture. By examining each grain 
separately by X-ray methods it has been 
possible to select sufficient homogeneous material 
for chemical analysis (F. A. Bannister, Min. 
Mag. 1932, 23, 189). The name cooperite was 
first used in 1869 for a variety of serpentine ; 
it is also a trade-name for an alloy, Ni-Zr-W, 
etc., used for cutting tools. 

L. J. S. 

CO-ORDINATION COMPOUNDS.— 
When used in a chemical sense the term co-ordi- 
nation is applied to a mode of atomic linking 
first recognised in 1893 by Alfred Werner, who 
subsequently devoted the remaining years of his 
life to a systematic study of co-ordination com- 
pounds. The hypotheses proposed by him in 
explanation of the results of his researches are 
embodied in the co-ordination theory, which 
affords a simple and comprehensive explanation 
of the chemical constitutions of the most diverse 
types of complex metallic salts, including aquo- 
and ammino- derivatives, mordant dyes, and 
many representative minerals. Even before 
Werner’s time numerous chemical compounds 
were known, the formation of which could not 
be explained on the older theories of valency. 
Such substances, often termed “ molecular 
compounds,” were generally formed from simpler 
compounds in which the combining elements had 
exercised their valencies in accordance with 
their position in the periodic classification. For 
instance, hydrogen chloride, a combination of 
univalent hydrogen and chlorine in atomic pro- 
portions, combines with ammonia, a compound 
of ter valent nitrogen with three univalent hydro- 
gen atoms to form the molecular compound 
ammonium chloride. This secondary combina- 
tion of hydrogen chloride and ammonia was 
formerly regarded as being due to the possession 
by these substances of a “ residual affinity,” a 
force which was then considered to differ from 
that of valency. 

Werner examined a large number of metallic 
ammines, compounds of similar type to am- 
monium chloride, although generally more 
■-complex in molecular structure, and showed 
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that they could all be formulated on a nev 
principle. The underlying idea of Werner’s 
theory was that the combining powers of an 
atom depended not only on the nature but also 
on the number of atoms or groups with which it 
could become assoented. It is this number, 
which Werner called the *' co ordination num 
her," rather than the \nleney m terms of 
hydrogen equualciits, which gi\es a measure 
'of the total combining pow cr of the element A 
general suney of complex metallic salts showa 
that the CO ordination number is most frequently 
6, sometimes 4, and less often 8 or other \nlues. 

In writing graphic formul'o in accordance 
with the CO ordination principle the convention 
IS usually adopted of enclosing the central 
nuclear element and its associating units within 
a square bracket, which thus contains all the 
elements implicated in the co ordination com- 
picv or inner sphere It should, however, be 
cvplamod that this co ordination principle 
supplements but does not supersefie the oliier 
conceptions of valency Any accurately wTitten 
CO ordination formula can be dissected into 
constituent parts which arc cvprcssiblo in terms 
of integral valencies The venCcation is readily 
seen in the case of ammonium chlonde and is 
equally applicable m the following instancca 
(Cr6NHj]CI, and K,[Fe(CN>,). where tbe 
generators of the complex ammme ore CrCI* 
and NHj, and those of the complex cyanide are 
KCN and Fe|CN). These two compounds 
furnish e:>amples of the 3 typos of atomic 
linkings recognised by chemists * (i) a non 
polar, non ionised link as exemplified m the 
combination of nitrogen and hydrogen in am 
iQonm or in the ottachment of carbon to nitrogen 
in the cyanide radical , (■■) a polar or tonis^ 
link between the oppositely charge<l ions of a 
ealt as in dissolrod CrClj or KCN, and also 
between the complex cation [Cr6NHj] and the 
3 chlorine ions or between the complex anion 
{Fe{CN),] and the 4 potassium tons , (in) the 
CO ordination link postulated by Wemer as 
existing between chromium and 6 ammonia 
or between iron and 4 cyanogen groups. 

In 1837 a remarkable foreshadowing of 
Werner’s views was published I^ Gibbs and 
Genth in a research on ammonio cobalt bases 
wherein tlicy referwl to the cobalt atom as 
'* hexatomic," although they also recognised i 
that the combining capacity (principal valency) j 
of this atom was 3 They refermi to the I 
inner co-onlination sphere of cobalt with 6 1 
associating units as the *' conjunct ” (** Smith- 1 
somvn Contribution to Knowledge,” Washing 
ton. 1857, IX) 

JlANirOLD ASSOCIATIXO GROUPS. — In the 
foregoing examples, (Cr0NH,]CI, and 
K,[Fe|CN)4], the ammonia and evanogen 
groups occupy only one position within the 
CO ordination sphere, and a similar degree of 
a*«oeiation is manifested by the halogens, water, 
hrdroxy 1 groups, oxy gen, py ridine, methy lamine, 
divikyl- or dinryl sulphides, phosjihines, arsines, 
and many other molecular species. But co- 
ordination IS by no means confined to such single 
nssocisting units. Tlicre arc a great many 
examples of compounds which rontnbute 2, 3, 
or 4 units to the co ordination complex. 


Chelate Croups.— Compounds such ns ethylene 
diamine and radicals such as the oxalate group 
C.O4. which eacli function in the co-ordination 
sphere as two associating units or doubly bound 
groups, often to form exceedingly stable co 
ordination complexes, have been grouped by 
Morgan (J.C S 1920, 117, 1457) under the con- 
venient general term of chelate groups [from yijAJ 
■ (Greek), chela (T-at in), die) y, (English)] the erab'i 
pincer claw Certain of these chelate groups 
have play ed an important part in the denionvtra- 
tioii of stercoclieraieal structure of co ordination 
compounds. 

2 2'-Dipyridyl (I) and o phenanthroline (II) 
furnish cvamples of such chelate groups, both of 
which were employed by Wemer in the demon 
I stration of octalicdral structure. 



“ Dipy.” “ Phenan 

I II. 


Blau had previously prcpareil the dark red Ins 
2 2'dipvndyl ferrous bromide 

[Fe3d(py]Brj,6HjO 

(Monatsh 1898, 10, 647). and Wemer (Ber. 1912, 
45, 433) showed t)mt this salt could bo resolved 
into optically active forms Morgan snii 
Burstall have smeo resolved the analogous pals 
red nickel snlts, (Ni3dipy]CI|,6H.O, into 
dextro- and Isvo-componcnts (JCo 1931, 
2214). The corresponding orange red bivalent 
nithemum salt [Ru3dipy]CI}6H|0 baa also 
proved sufficiently stable for resolution into 
optically aetivoforms(nursta]],J CS 1030,173) 
Tbese 2 chelate bases have also proved useful 
in dcmonMrat’ng the bivaleney of silver. 
Hicber and Sluhlbauer (Ber. 1023, 61, (B), 
2149) have obtained bivoicnt silver salts such 

[Ag2phenan]S,Og or X,, 
where X-HSO,. NO.. CIO,, or CIO,, and 
Morgan and Burstall (J C S. 1930, 2594) have 
prepared the salts [Ag2dipy]S,0, or (HSO,),, 
while Barbieri (Atti R. Accad. I.incci, 1932, 
16, 44) has obtained the derivatives 

[Ag2dipy](NO,), or(CI04), 

Chelate groups need not be organic, for 
Wemer was able to show tliat the basic coUallic 
salt, dodecamminobcxoltetracobaltic chlonde 
containing 3 chel.xte groups {(HO),Co4NH,) 
ix resolvable into optically active forms (Ben 
1907,40,2113 , 1014,47, 3087). 

In more recent times, 2fann (JCS. 1933. 412) 

I has imlated optic.nllv active romponents of s 
I complex rhodium salt containing sulphamide 




CO-ORDINATION COMPOUNDS. 


329 


Whereas many chelate groups are attached to a 
metal -n ith formation of a stable five-membered 
ring system, the foregoing sulphamide derivative 
contains a four-membered ring. Other examples 
of this type of chelation are present in comj^ex 
sulphates and carbonates such as 



and 


0:CC ^Co4NH, 

'O' 


Cl 


and also among many polynuclear compounds 
(a. infra). 

Six-membered chelate rings are very plentiful 
among co-ordination compounds and include 
derivatives of l:3-diaminopropane, 


HjN-CHa-CHj-CHj-NH,, 


of malonic acid, HOOC-CHj'COOH, and the 
characteristic and notable metaUic complexes of 
acetylacetone. 

Metallic Acetylacetones. — ^Tbe univalent radical 
CHj-CO-CH :C(CH3)-0 — derived from acetyl- 
acetone furnishes an important chelate group, 
and similar groups are derived from the homo- 
logous ^-diketones and analogous /3-keto esters. 
This acetylacetone radical enters into combina- 
tion ivith many of the metals as a doubly bound 
group and gives rise to cyclic co-ordination 
compounds of remarkable stability, often having 
other exceptional properties such as unusual 
colour, solubility in organic media, and volatility 
without decomposition. In the last respect this 
chelate group may be said to give wings to 
metals. Aluminium and scandium acetyl- 
acetones represented by the general formula (I) 
(where X"'=AI or Sc) are volatile without 
decomposition. 




I. 



U. 


Thorium acetylacetone containing four of these 
chelate groups has also been distilled. Com- 
pounds of similar type have been obtained from 
zirconium, hafnium, and from quadrivalent 
cerium (II, where Yr''=Th,Zr, Hf, orCe^). The 
acetylacetone radical “ Ac ” and its homologues 
co-ordinate with the elements boron, silicon, 
germanium, titanium, tin and zirconium con- 
ferring ionic properties on the complex so that 
polar compounds arise. The boronium and 
siliconium compounds studied by Dilthey 
(Annalcn, 1905, 344, 300 ; Ber. 1903, 36, 923, 
1395, 3207), and Rosenheim, Lowenstamm 
and Singer {ibid. 1833) are 'of the tj’pes 
[B“Ac” 5 ]FeClj or AuCI^ ; [B“Ac”,],PtCL ; 
[Si“Ac” 3 ]FeClj or AuCI^ ; [Si“Ac” 3 ]jPtCle. 
Following on silicon the various modes of 
interaction with acetylacetone exhibited by 


other elements of the fourth periodic series are 
shown in the folio-wing series : 


[Ti“Ac”3]FeCl4 ; [Ge-'Ac’^CuXa; 
[Ge“Ac”2X2]; [Sn“Ac”2X2]; [Zr‘‘Ac”3]CI ; 
[Zr“Ac”4] ; [Hf“Ac”4] ; [Ce“Ac”3] ; 

[Ce“Ac”4]: [Pb“Ac”2]; [Th“Ac”4]. 

Although the vast majority of chelate rings 
are those of five and six members, there 
are a few examples of seven- and even eight- 
membered rings. The former including car- 
boxylic acids such as succinic, maleic, and 
itaconic acids, are exemplified by the cobaltam- 
mine (I) : 


CH,COO\ 

I 

CH.-COO/ 


Co(en)2 


NO, 


I. 

/CHj-COO^ 

028 ;;^ /Co(en )2 

\CH2C00/ 

II. 


(“cn” =cthylenedianiine.) 


(Duff, J.C.S. 1921, 119, 385) whereas the eight- 
membered ring is present in the complex salt of 
sulphonyldiacetic acid (II) (Price and Brazier, 
J.C.S. 1915, 107, 1367). 

Tridentate Groups. — Threefold associating 
groups have been recognised such as a)3y- 
triaminopropane=“tpn,” which co-ordinates 
■with cobalt and rhodium as a tridentate radical 
to furnish the complex salts [Co 2 tpn]Cl 3 and 
[Rh2tpn]l3 (Mann and Pope, Proo. Roy. Soo. 
1925, (A), 107, 80), and 2: 2': 2". tripyridyl or 
di-2-pyridyl-2: 6-pyridine (“tripy”) -u'hich forms 
two series of salts containing respectively 2 and 
1 molecules of the triamine. The former series 
is exemplified by the purple ferrous salt 
[Fe 2 tripy]Br 2 l and 4 H 2 O and the latter by 
the stable red platinous compound 

[PtCltripy]Cl 2 , 2 and SHjO 

(Morgan and BurstaU, J.C.S. 1932, 22 ; 1934, 
1498). 

Quadridenlate Groups. — A fourfold associating 
unit is furnished by the bivalent radical of 
ethylcnediaminebisacetylacetone. 


{CH2-N:C(CH3)-CH;C(OH)-CH3)2=ec, 

which forms remarkably stable . complexes 
R“ec with copper, nickel, and palladium (III). 


/ \ 

/CMe = Nv^ /N = MeCx^ 

C< 

'^CMe— O-^ \o— 

III. (M = Cu, Ni or Pd). 


In the absence of air the two former compounds 
may be boiled -ndthout decomposition. The 
cobaltic complex salts [Coec 2 NH 3 ]Br exist 
in stereoisomeric forms (Morgan and Main 
Smith, J.C.S. 1925, 127, 2030; 1926, 912). 
Tri-;3-aminoethylaminc N (CH 2 -CH 2 -NH 2 ) 3 — 
“tren” also behaves as a fourfold associating 
compound and gives rise to the platinum salts 
[Pttren]l 2 and [PtCl 2 tren]Cl 2 (Mann and 
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KSCN),Cotrenl8CN.H,0 
{Mann, J.C.S. 1929, 409). 

Fooifold co-ordmatiog unita of a differenfc, 
type are represented in the naturally occamng 
pigments chlorophyll and haemin (v. *nfrtt), which 
possess a constitution based on that oTporphiii, 
the parent of the series, which yields metalhe 
derivatires of the type IV (Fischer and Gletm, 
Annalen, 1935, 521, 157 ; Rothemnnd, J. Amer 
Chem. Soc. 1936,58, 625). 

CH CH CH 






CH 


N- 


C=N N C 

I I II I 

CH C C CH 

IV. {M-=Mg. Cu.orFeCl) 
STFRzocHZjficAi- Demonstration or Co- 
OROiNATtos. — ^Tbe prevalence of cootd:^tion 
numbers 4 and 6 suggested that co-orduiatioB 
componnds had a spatial arrangeoeat of their i 
associating units conesponding respectively ' 
with the tetrahedron and octahedron. Blore- 
over, many compounds with a co-ordmatioo 
number of 4 possess a planar distribution of 
addenda with the metallic atom at the centre 
of a flat four-point flgure 
Oelahedral Blrvelure —Werner predicted that 
eobaltammines containing co-oramation com- 
plexes of the type [CoAtB^] would exist m two 
stereo isomenc forms, and that if the 4NH, 
groups of example [CoBr}4NHj)Br were 
replaced by 2 mols of ethylenedianune, “ert” 
>=NH,'CH, CH,-NH,. then one of the two 
iaomeno salts [Co6r,2en]6r would be 
resolvable into optically active forms (en- 
antiomers). Ills venScation of the latter pre- 
diction in 1911 gained world-wide acceptance, 
of the co-ordination hypothesis and raised it' 
to the level of a general theory of chemical com- 
bination and molecular structure. 

This demonstration was first accomplished 
with chloroamminodiethylencdiaminocobaltic 
chloride [NH«CoCI2en]Cl2i which exists in 
2 Isomeric modifications depending on the epatial 
arrangements of associating oiuts in the co- 
ordination sphere as illustrated by the following 
figure i 


NH, 




,^••6 


Cis or 1 :2 Form. Resolvable into 
enantiomerides. 

The raeemoid cis-chloride was converted into 
d-bromocamphoTsulphonato when the dd-aalt 
was found to be more sparingly soluble than the 


Zd-salte. The two d-hromocamphorsulphonates 

were then separately converted into bromidM 
which in 1% aqueous solution gave [a]ci43*, 
corresponding with molecular rotation 

[ M ] o =±168 r 

(C line 656 3>n^). These two optically actire 
salts were very stable, showing no tendency to 
cacemue (Werner, Ber. 1911, 44, 1887). 

Other interesting complex salts, which exhibit 
optical activity, possess the structures 
[M3dipy]Cl„6H,0 

(where M = Fe, Ru, Os, Ni, and diPY=3 2'- 
^pyndyl), [M3en]CI, (where M=Co, Cr, 
Rh, and en— etbylenediamine) and 

[M(Cj04)3]K, 

(where M=AI, Cr, Fe*°, Co*“, Ir, and Rh). 
In these salts the chelate groups 2‘2''dipynd>l, 
ethylenediamine or oxalate radical span the 
SIX points of an octahedron with the metal at 
the centre. 

Representative co-ordination compounds cm- 
ploy^ in subsequent demonstrations were the 
foDowing: [Co2N H,2en]Br, , [Co3en]CI,; 
NH. 

.Co Coen. 

X 

NO* 

obtained io meso and tacemoid forms, 
rCrCI,2en]X{ [CrSenjX, { ICr(C,0«),]K, s 
(RhSenICI.. Optically active forms of com- 
pounds having octahedral symmetry have b«n 
notated io the case of the following elements 
as the centra] atom ; aluminium, areenic. 
chromium, cobalt, iron, zuckel, indium, plati- 
num, rhodium, ruthenium and osmium. 

In recent years, X-ray analysis has been 
Increasingly used in the determination of slnic 
ture among co ordination compounds and a 
considerable number have been shown to possess 
octahedral distribution of valencies by this 
means The compounds K4[Fe(CN)j]. 
KJPtCM. [CoQNHjlCt,, KtCOsCUNHi). 
(RhCI5NH,]CI, represent octahedral structures 
determined by X-rays. As final examples of 
octahedral co ordination compounds tho car- 
bonyls of chromium, molybdenum and tungsten 
M(CO)a (M=Cr, Mo, or W) may bo cited 
sincu thew compounds owe thwr existence en- 
tirely to co-or^atc lints between carbon 
monoxide and the metal atom. The arrange- 
ment of addenda ia indicated in the folowirg 
figure (c/. Hiebcr, Romberg and Jldhlbauer, 
Z. anorg. Chem. 1935, 221, 321-349). 
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Tetrahedral Structure . — Even before the recog- 
nition by Werner of the co-ordination link a 
demonstration of tetrahedral structure had been 
made in tbe case of elements other than carbon. 
In 1899 Pope and Peachey showed that quater- 
nary ammonium salts of the type [NabcdJ + X"" 
could be resolved into optical antipodes. Amine 
oxides [NabcO] were obtained in optically 
active forms by Meisenheimer in 1908, and in 
1911 this observer and Lichtenstadt prepared 
optically active phosphine oxides PabcO. 

Since the enunciation of the co-ordination 
theory, tetrahedral symmetry has been demon- 
strated in the case of several other elements. 
Borosalicylic acid (I) has yielded a strychnine 
salt with an optical activity due to the boron 
complex (Boeseken and Meulenhoff, Proo. K. 
Akad. Wetensch. Amsterdam, 1924, 27, 174) ; 
and Mills and Gotts resolved the beryllium 
derivative of benzoylpyruvio acid (II) and 
employed similar means in demonstrating tetra- 
hedral S3'mmetiy in zinc compounds (J.C.S. 
1926, 3121). 



by Cox, Wardlaw and Webster (J.C.S. 1936 
776) whereas 4-covalent cupric derivatives (v. 
infra) are planar. A structure of novel type 
has been found by Mann, Purdie and Wells 
(J.C.S. 1936, 1503) for the compound of cuprous 
iodide with triethylarsine, [(Et)3As — >-Cul]4. 
The arrangement is tetrahedral with copper 
atoms at the four vertices of the figure whereas 
the iodine atoms are centred but situated rather 
above the four faces of the tetrahedron (IV). 

n 

IS 

< 


* 

Cu 



Univalent silver derivatives with a co-ordination 
number of 4 are also tetrahedral as exemplified 

by 



-e- S=C 


/CH3 

\NH2 



Cl 


The tetrahedral distribution of associating units 
round oxygen is indicated by the work of Bragg 
and Morgan (Proo. Roy. Soo. 1923,104, A, 437) 
on basic beryllium acetate, 

Be40(CH3-C03)e(III) 
and its homologues (Morgan and Astbury, ibid. 
1926,112,441). 


Be 



Significant results have been obtained from 
determinations of structure by means of X-ray 
analysis. A tetrahedral arrangement of molecules 
in cuprous compounds with a co-ordination 
number of 4 has been demonstrated for the 
well-known cyanide K3[Cu(CN)4] and the 
thio-acetamide salt 


Cu( -e-S = C^ 

\ \n 


,/CH3\ - 

'\NH3/4. 


Cl 


Whilst Hein and Regler (Ber. 1936, 69, [B], 1692) 
obtained indications of optical resolution with 
the silver derivative (V) of 8-hydroxyquinoline, 



which must, therefore, be tetrahedral. Other 
4-covalent compounds of tetrahedral structure 
are the cj'anides K2[IVI(CN)4] (M=Zn, Cd 
or Hg) and the well-known and technically 
important nickel carbonyl Ni (CO)4 (VI) (Sutton, 
New and Bentley, J.C.S. 1933, 652 ; Brockway 
and Cross, J. Chem. Phys. 1935, 3, 828). 


O 

w 

c 



VI. 
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Planar Stnicivres.—Jn the foregoing surv^ 
of molecular structure ataong co ordination 
compounds it Teas noted that when mamfesting 
their fundamental umvalency, copper and silver 
exhibited a tetrahedral arrangement of addenda 
m their fourfold co ordinated compounds. It 
has now been found that in their higher valent 
states, copper, silver, and gold exhibit a planar 
confTguratjon when the co ordination nniaher is 
4. By X*ray analysis cupnc acetylacetone, 
CuiCjHfOjlj has been shown to bo planar (Cox 
and Webster, J C.S 1035, 731) and the com 
pounds [CuCl2,2H20] and [CuCitSpy] have 
also been shown to he similarly constituted (Cox, 
Sharratt, Wardlaw and Webster, J.C S 1936, 
129 ; Barker, Z. Knst. 1936, 83, 136). The 
planar arrangement among bivalent silver 
denvatnes has been demonstrated by X ray 
study of tbo argentic derivative of picolinic acid 
(Cox, Wardlaw and Webster, J C.S 1936, 776) 


platinum derivatives have, in some cases, been 
regarded aa planar smeo the inception of ths 
Co ordination Theory by Alfred W'emcr who 
concluded that the two platoeammmei 
(PtCijSNHj) were CIS- and trons- iaomeiides 



Recent X ray analyses support this conclodon 
and extend planar configurations to KjIPtCI^], 
[Pt4NHj]CI,.H,0,[PtClj,2SMej], and many 
other compounds including the coTtespcnding 
palladium derivatives. Chelated platinamminra 
also conform to a planar distnbution of valencies, 
since Drew and Head {J.CS 1934, 221) have 
obtained the two isomeric dichlondes : 


and tervalent gold in potaaamm aunbromide 
K[AuBr4]2H}0 has a planar distnbution of 
4 bromine atoms round it (Cox and Webster, 
J.C.S. 1938, 1835) 

Among tin and lead compounds, it is the lower 
valent compounds such aa K^fSnCI^KH.O and 
[Pt)CI|28C(NH2)2] which nave a planar struc* 
ture m contrast to the tetrahedral arrangements 
of stannic derivatives represented by Snl^ and 
Pb{C,H|)4 in which a fundamental quadti 
valency is manifested (Cot, Shorter and 
Wardlaw. Nature, 1937. 139, 72) A con- 
siderable amount of work has also b^n carried 
out on planar compounds containing elements 
of group VIII in the Periodic Classification. 
Chemical evidence m support of planar con 
figurations has been obtained by the isolation of 
CIS and irons- forms of the nickel and paUadioni 
viiVa tA *oWfty',7iiT?A,y'/gV«tniiKrti wi6 AV;' 
(Sugden, J C S. 1932, 246 ; Dwyer and Mellor. 
J. Amcr. Cbem. 8oc 1035, 57, 605). 


PhCHj-C— CMe 


PhCH.C— CMe 


Ot- N N OH 


M 


Ot-N NOH 


M 


HON N->0 0-.-N NOH 

II II il II 

MeC — C-CHjPh PhCH, C— CMe 


I. 


II. 


lran$ (M = Ni or Pd.) 


The complex dithio oxalates of nickel, palladium 
and platinum (III) have been shown to be planar 
by X-ray analysis (Cos, W’ardlaw and Webster, 
J.C.S. 1935, 1475). Co-ordinated bivalent 




s s 


1 


■\ /' 

./\, 

U' S S "o 
"ill. (M=Nl, Pdor Pt.) ' 


NH 




NH,^ 


cr 

\ci. 


Cl/ 


/C' ■ 


r H.C— NH.V. ^NH. 3 

I Cl, 

,Me,C— NH/ NNHjEtJ 


rMe,C-NHjv .NH, T 
) Cl, 

. H,b-NH/ XNHjEtJ 


A eirodar pair have also been prepared contain 
mg 2 mols. of isobutylcncdiamine 


lPt(NH,-CH, CMe, NH,),]CI„ 1 or 2H,0. 


Another elegant proof of the planar arrangement 
of addenda among platinammincs has been 
furnished byhlills and Quibell ( J-C S 1935, 839), 
who prepared a salt with the following cation : 


/CH— NH,^ CH, 

Ph''^ I ^Pt^ I /Me 

-CH— NH/ ^NH,— CC 


and have resolved it into optically active fonna 
which could not exist if the ion were tetrahedral. 


A final example of planar platinoiis s 
(tenrative containing 2‘0 di 2’-pyndyl-P3Tidine, 
in which a tetrahedral arrangement of the tn- 
dentato addendum is seen from the following 
figure to be inadmissible (Morgan and BurataU, 
J.C.S 1934. 1783). 



Cl, 2 or3H,0 


A noteworthy contribution to the itcre^ 
chemistry of co ordination compounds was made 
by the discovery of the phthalocyamnes, a sene* 
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of metallic complexes of unusual structure and 
great stability, conveniently produced by 




NI=Cu, Be. Mg, Ca, Zn, Cd, Ba, Sn'i, 
Pb, Fe, Mn, Co, Ni, Pt, AlCI, Vo, Sni^cij. 

heating the metal or its chloride with phthalo- 
nitrile (l: 2 -dicyanobenzene), they sublime, in 
many cases, without decomposition at high 
temperatures. The planar configuration of the 
phthalocyanines is confirmed by X-ray examina- 
tion. The foregoing formula suggests that the 
organic molecule functions as a fourfold associat- 
ing unit (quadridentate group). The copper 
derivative is an important pigment now known 
commercially as Monastral Fast Blue B.S. 
(Linstead and co-workers, J.C.S. 1934, 1016- 
1033; 1936, 1719-1738). The corresponding 
naphthalocyanines have also been prepared 
from l: 2 -dicyanonaphthalene (idem J.C.S. 1936, 
1744). 

PoiiYNUCiiEAB CoMPOtwPS. — Co-OTdination 
compounds may contain 2 or more nuclear 
atoms in the complexes. Among non-polar 
substances are basic beryllium acetate Be40Ac5 
and its homologues. From a very large group 
of complex polynuclear salts the following 
comparatively simple examples are selected : 

[en2Cr{OH)2Cr en2]Br4 ; 

|^(NH3)4Co^^”"^Co(NH3)4j (N03)4: 

[Cu35tu](N03)32Aq. ; [Cu37tu](N03)3 ; 

[Cu 25 etuH 20 ](N 03 ) 2 , 3 Aq. ; and 

[Ag23etu](N03)2 ; 

where “ tu ”=thiourea and “ etu ”=ethylene 
thiourea. A series of remarkable chloroacids 
has the general formula [H 20 'X 3 CI,]H, 3 Aq. 
where X=Mo, Ta, or W (and probably Nb). 
These complex acids are derived from the 
chlorides (XCl 2)3 or X 3 CI 6 . which contain a 
stable inner core X3CI4. Accordingly the 
structure 


Cl 


\CI/ ^CI 


7^- 


Cl 


has been proposed for the parent chlorides. The 
complex phospho-molybdic and tungstic acids 
are limiting examples of a numerous and diversi- 


fied class of hetero-polynuclear acids (“ hetero- 
polybasic acids ”) ; their salts may be written 
as [P 04 l 2 X 03 ]R 3 , jiAq., where X=Mo or W 
and R = Na, K or NH 4 . Moreover, phos- 
phorus may be replaced by arsenic. These 
derivatives contain a basic tetrahedron with 
phosphorus at the centre and 4 oxygen atoms 
at the points of the solid figure. On this simple 
structure is built up a symmetrical arrangement 
of 12 interlocking WO^ units which are divided 
up into 4 groups of 3 octahedra. In each 
WO 3 group, 1 oxygen atom is held in common 
with the phosphorus atom (and is also shared 
with 2 other WO 3 groups), 2 are shared with 
tungsten atoms of its own group of 3 octahedra, 
2 with metaUie atoms of other groups of octa- 
hedra, and 1 is unshared by other atoms. A 
similar arrangement is exhibited by the 
acids H4 [MXi2O40], H 3 [BWi 204 „] and 

H 8 [H 2 Wj 204 o 1 , where M = Si, Ge, and 
X=Mo and W (Keggin, Proc. Roy. Soc. 1934, 
144, 75 ; Illingworth and Keggin, J.C.S. 1935, 
575). 

Other Co-ordination Numbers. — ^In addi- 
tion to co-ordination numbers 4 and 6 , which 
suggest respectively tetrahedral and octahedral 
arrangements, there are metallic complexes and 
complex salts containing 8 associating units 
such as the acetylacetones of cerium, zirconium 
and thorium already mentioned, and salts with 
eightfold complex cations as 

[Cu 8 NH 3 ][Pt(CNS) 4 ], 

[Mg 8 H 20 ][Th(N 03 ) 3 ] 

or ivith an eightfold anion as in K 4 [Mo(CN) 8 ], 
which gives rise to the free acid 

H4[Mo(CN)3],6H20 

There is, however, no evidence as to the spatial 
arrangement of associating units in these com- 
pound. In a study of the alums which were 
formerly supposed to indicate a co-ordinati 6 n 
number of 12 , the tervalentmetalis surrounded by 
6 mols. of water, [Mm 6 H 20 ]Mi(S 04)26 H 20 . 
The arrangement of the remaining water mole- 
cules differs slightly according to the size of the 
univalent metallic ion (Lipson, Proc. Roy. Soc. 
1935, 151, 347). 

Reference should be made to compounds ex- 
hibiting odd co-ordination numbers (C.N.) : 

C.N. Threi . — This number is displayed in a 
series of oxy- and thio-acids in which the 
principal valency of the central element may 
vary from three to five : borates [BO 3 ], car- 
bonates [CO 3 ], thiocarbonates [CS 3 ], nitrates 
[NO 3 I, and sulphites [SO 3 ], meta acids of 
phosphorus, antimony, vanadium, columbium 
and tantalum [XO 3 ], chlorates [CIO 3 ], bromates 
[Br 03 ] and iodates [ I O 3 ]. 

C.N. Five . — Cupric halides co-ordinated with 
5 mols. of ammonia, pyridine, etc., e.g. 

[Cu5base]X2. 

C.N. seven, of which series the analytically 
important KjTaF, is the most outstanding 
example. It is noteworthy that tantalum also 
gives a more regular type K 3 T aFj. 

Electbonio Interpretation of Co-ordina- 
tion. — ^The electronic conception of matter 
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gives precision to Ibe co-ordination theoiy ^ce 
It 06'ers a simple explanation of the three mani- 
festationa of valency now rect^nised by 
chemists : (1) Electrovalency with polar or 
lonisable links as in the oppositely eha^ed tons of 
sodium chloride, NaCt~i ammonium chloride 
NH4+CI~ or bexamminocobaltic chlonclo 
[Co6NHjl-'- + + Clj 

(2) Covaleney with non-polar non-ionisahle 
links such as those which unite carbon to hydro- 
gen in methane, nitrogen to hydrogen in 
ammonia, or carhon to nitrogen in cyanogen. 

(3) The CO ordinate link of Werner such aa 
combines cobalt with ammonia in the foregoing 
cobaltammine. 

The driving force discernible in these three 
tvpesofhnkmg is a tendency on the part of each 
of the combining atoms to assume the electronic 
conEgnration of the nearest inert gas. Of these 
gases helium has 2 electrons, but each of the 
others has outer groups of 8 electrons — the 
octet. 

(1) EUelrovcUncy {the Polar Ztnl) — In form- 
ing sodium chlonde. sodium gives its single 
outer electron to chlorine, and by this exchange 
the sodium ion acquires the electronic configora- 
tion of neon while the chlorine ion completes ita 
octet, thus rcscmbhng argon. 

(2) Covaleney (<Ae Eon-polar L\nh) — ^The two 
combining atoms share electrons as in methane, 
which contains 4 covalent links. Each of these 
4 links includes 2 electrons, 1 contnbuted by 
carbon and 1 by hydrogen, so that m methane 
carbon has assumed the electronic structure of 
neon and each hydrogen has acquired the 2 
electrons charaetenstic of helium. This type 
of non polar Lnk to which each of two combining 
elements contributes 1 electron is typical of 
the non polar compounds of organic chemistry. 

(3) Co ordination CovaUncy {the Co ordtnale 
Znnic) — ^This mode of attachment differs from 
the foregoing type of co-valency or non-polar 
hnk in that both electrons are furnished by one 
of the combining elements (Sigdwick, JCS. 
1923, 123, 725). This type of combination is 
exemplified in the luteocobaltamniine 

[Co6NH,]CI,. 

wherein the tervalent cobalt ion which differs 
electronically from krypton by 12 electrons 
completes its quota of electrons by co ordinatiog 
with 6 mols. of ammonia. In this combination 
each nitrogen atom contributes 2 shared elec- 
trons, BO that within the co ordmation sphere 
the cobalt has acquired the electronic configura- 
tion of krypton, whereas each nitrogen retains 
the octet of neon. 

By a similar process of reasoning it may bo 
shown that this electronic equality holds in tho 
case of purpuroeobaltammine [CoCIfiNHjlClj, 
and abo generaliy among co ordination com- , 
pounds of tervalent cobalt. The fact that tha 
acquirement of a complete octet by cobalt 
coincides with the symmetrical octahedral 
grouping of 6 associating units affords an ex- 
planatioD of the existence of so many weD- 
defined members of this cobaltammine series 
and accounts for the stabihty of complex co- 


baltic salts such as K,[Co(NO,).l and 
NaJCo(CN)j]. 

Tms comctdence is also apparent in the case 
of the platinammine compounds of tetradic 
platmumofthefollowing series : tPt6NH,]Cl,j 
(PICI5NH,]Cl3 : and intermediate types la 
[PtCl42NH3], [PtCIgNHslK; and [PtCl4]K,. 

As regards co ordination compounds, chromium 
resembles cobalt, giving rise to numerous am- 
mines and complex salts, but in this instance 
the development of octahedral symmetry does 
not coincide exactly with the acquirement by 
the central metaUic atom of an electronic 
structure characteristic of krypton. Through- 
out the senes theie 12 a deficiency of 3 electTons, 
but, nevertheless, many individuals of this 
numerous group of co-ordinated chromic de 
nvatives show remarkable stabihty with similai 
phenomena of stereoisomensm and optically 
active enantiomendes. 

Certain of the co ordination compounds of 
luckel and copper show the opposite tendency 
in the combination of these bivalent metals vith 
6 associating umts. For if each unit should 
contribute 2 electrons, then there would bo an 
excess of electrons over the number required to 
endow the metalho radical with the electroniQ 
structure of krypton Nevertheless, such s 
complex salt as [Ni3dipy]CI| is sufficiently 
stable to be resolvable into optically actire 
enantiomendes 

This interpretation of co ordination aa taking 
place with 2 electrons does not, however, exclude 
a 1-electron covalent link. In the copper 
denvative (v. npra) of ethylenediammoois- 
acetylacetone (Cuec) the cupric ion is still 1 
electron short of the krypton structure which, 
however, is acquired when this compound co- 
ordinates further with water or ethylenediamlne 
hydrate to form respectively [H^OCuec] and 
IecCuNH4C4H4-NHj]OH, tho latter de- 
hydrating to 

[ecCuNHg CjH* NH|Cuec] 

These addenda are more loosely held than the 
original “ec," a circumstance which suggests the 
single hnk. In tho nickel complex [Niec]the 
metal is still 2 electrons short of the krypton 
etructuxe, and this unsaturation is revealed by 
the formation of ammino* and ethylenediamino- 
compounds f2NH3Nlec] and 

[CjH4(NH*)jNIec] 

(Slorgan and hlain Smith, J.C S> ID2S, 127, 
2030 ; 1926, 012). 

NoTBwoBTirr Examples of Co-okdivatioh 
Phenomena. 

A Wider Baeisfor the Principle 0/ Isomorphum. 
— The older principle of integral valency led to 
structural formul® which afforded no explana- 
tion of the isomorphism of calcite and sodium 
nitrate which were formerly formulated as 
xOv Ojv 

0:C: :Ca and ONa 

\o/ 

respectively. But if the anions are [CO|l snd 
[NO4] with a similar arrangement of oxygens 
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round the central atom, then the rhombohedral 
structure of these two compounds becomes explic- 
able in terms of isomorphism. These ideas were 
developed by T. V. Barker (J.C.S. 1912, 101, 
2484), who showed that the following sub- 
stances were members of isomorphous series : 
KjSO^, KjBeF^, and (NMe 4 ) 2 HgCl 4 (ortho- 
rhombic), KCIO4, BaS04, and KBF4 (ortho- 
rhombic), xenotime YPO4, zircon 2rSi04, and 
cassiterite Sn 204 (tetragonal), 

Cu[TiF5]4H20 ; CuENbOFjHHaO 

and CuW 02F4,4H20 (monoclinic). The double 
salt K2BeF4,Al2(S04)3,24H20 crystallises in 
cubic octahedra and is a true alum, as is also 
K2ZnCl4,Al2(S04)3,24H20 (W. R. C. Curjel, 
Nature, 1929, 123, 206). In these substances 
the compounds K 2 [BF 4 ] and K 2 [ZnCl 4 ] are 
isomorphously equivalent to K 2 [S 04 ]. 

Analytical Reagents . — The separation of copper 
from cadmium and of cobalt from nickel in 
qualitative analysis is based on the difference in 
stability of two pairs of double cyanides ; 
(1) hydrogen sulphide decomposes the cadmi- 
cyanide, K 2 [Cd (CN) 4 ],butnotthe cuprocyanide, 
K 3 [Cu(CN) 4 ]; (2) hypochlorites or hypo- 

bromites decompose the nickelo cyanide 

Na2[Ni(CN)4] 

but not the cobalticyanide Na 3 [Co(CN) 3 ]. 
The quantitative estimation of nickel is facili- 
tated by the use of its insoluble complexes with 
dimethylglyoxime, a-benzildioxime, or dicyano 
diamidine. )3-Naphthoquinoneoxime oneoxime 
dyes) gives a sparingly soluble cobalti-complex 
used in separating this metal from nickel, 
(see Chemical Analysis, vol. U, p. 612c). 

Nitroso-)3-phenylhydroxylamine (oupferron) 
furnishes insoluble red and white complexes with 
■ ferric and cupric salts respectively. The com- 
pound S-hydroxyquinoline (oxine) has proved 
a useful analytical reagent, for many metallic 
ions, since it yields insoluble products of the 
type indicated by the following general formula : 


a:=2, 3, or 4 


The reddish-violet colorations obtained by the 
action of alkaline copper solutions on biuret are 
complex salts [(C202N3H2)2Cu]K2,4H20 or 
[C202N3H2 Cu]K, 3H20, in which this imino- 
diamide is reacting in its monoenolio form 
HN:C( 0 H)NH-C 0 -NH 2 . 

Mordant Dyes . — ^Included within the two main 
categories of mordant and acid mordant dyes 
are many substances of very varied chemical 
structure, but these otherwise diverse compounds 
have one feature in common, a chelate group 
capable of entering into co-ordination with the 
metallic mordants generally employed in dyeing. 
The coloured effects produced on mordanted 
fibres are internal metallic complexes (in- 
soluble lakes) arising from this combination of 
dye and mordant. 

In many cases the dyes themselves have little 



or no colour. .Alizarin yellow A and C are 
respectively benzoyl- and acetyl-pyrogallol (I), 
which, although but faintly coloured, furnish 
yellow aluminium lakes (II) : 


HO' 



The quinoneoxime dyes are also simple 
examples of pale yellow to brown mordant or 
adjective dyes (chelate group HON :C — C=0) 
which furnish green and dark brown lakes on 
wool mordanted with iron and chromium 
respectively. 

Alizarin (?.r.) and naphthazarin (alizarin 
black) supply further typical examples of such 
mordant dyes. The former (III) possesses 1 
chelate group CO- C — Q-OH, and the latter (IV) 
contains 2. When the hydrogens of the chelate 
groups are replaced by an appropriate metal 
(aluminium, iron, chromium, etc.) a coloured 
lake is produced. 


pH 



in. 


B(C02-CH3)2 




V. 

Treatment of III with pyroboric acetate reveals 
the presence of 1 chelate group (V), whereas with 
(IV) this reagent gives rise to a diboric ester con- 
taining 2 chelate groups (VI). Accordingly the 
quinone (IV) must be 6:8-dihydroxy-l:4- 
naphthaquinone and not the 5 : 6-dihydroxy 
analogue as formerly supposed (Dimroth and 
Buck, .Annalen, 1925, 446, 123. 

An azo-group often becomes implicated in the 
chelate complex, as in the case of many hydroxy- 
azo- and dibydroxyazo- dyes. Such colouring 
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matters are aubstantirc d^es on wool or eilk 
but their tinctorial effect is changed veiy con- 
siderably vhen the d^e is con\erted into its 
lakes with auitable mordants. Enochrome red 
B and Palatine chrome black 6B aree'camplee of 
dilijdroTyaio djes having chelate groups vihvch 
give rise to deep red and black chromic com- 
plexes. In other instances the lake prodnemg 
chelate group is developed from the dye by 
oxidation, as when the dyed fabric is developed 
with chromic acid. Diamond black PV, 
Carmoism WS, end the chromotropes are 
typical examples of such dyes (J. Soc. Djets 
and Col 1921, 37, 43 ; 1925, 41, 233) ^\hen 
these dihydroxyazo dyes contain aulphoiuc 
groups It becomes possible to produce a soluble 
lake from dye and metallic mordant These 
soluble lakes which already contain the inner 
metallic complexes can be applied substantively 
to animal fibres and have the further advantage 
that they may be used in metallic vessels, 
since the lake is far less affected than the dye by 
the metal of the container A group of these 
soluble lakes is sold under the generic name of 
neolan dyes 

Tlie natural mordant dyes such as cochineal, 
lac, logwood and tho redwoods also contain 
chelate groups capable of co ordmsting with 
metallic mordants, and it is to the presence of 
such chelate groups (generally of the ortho* 
hydroxyketone typo) that they owe their tine 
tonal properties. 

Jlepruenlalut Hintnla — The chcmicnl con- 
stitutions of many mineral species are most 
readily explicable m terms of coordination. 
The apatite group is a notable example, and it 
contains the folloiimg senes - chloroapatite, 
[Ca3{Ca](P04)i}jCI], pyromorphite, 
[Pb3{Pbj{PO,),J]Cli. 

mlmetite, [Pb3{Pb,(A80.)i)lCL. vanadmile. 
[Pb3(Pb,(V04M]CI,. 

The spinels having the general formula 
R,'“[R”04] also form a noteworthy group of 
isomorphous minerals, including the following 
species* spine], AIj(Mg04]. licrcynite, 
AljtFeOJ, clironiite, Cr,[Fe04], magnesio* 
ferrite, Fe2lMg04^. gabnitc, Al^lZnOi), and 
magnetite, Fej[Fe04] The naturally occurring 
tfiAiuAnririvirikwimjsfC ta Amtis 

of the CO ordination theory. In these mincrab 
silicon has a eo ordination number of 4 os, for 
example, in the ion [8104]. 

Among copper minerals are the well known 
atacamite 

ICu3(Cu(OH),}]CI, 

and the corresponding sulphate, brochantite, 
[Cu3(Cu (OHliUSOj. Contrary toon opinion 
which has prevailed for a century the green 
patina dci eloping on cop]ier roofs is not basic 
copper carbonate but basic copper sulphate, 
[Cu 7 {Cu( 0H)})1S04, in which x sancs from 
1 to 3. In an artificial patina produced electro 
lytically, s’^l, whereas m the natural patinas 
produced by exposure of more than 70 years 
X approximates closely to 3, so' that (he corrosion 
product IS a co*on1ination compound identical 
in composition with brochantite (Vemon and 
Whitby, J. Inst. Metals, 1930, 44, 2, 389). 


Substances of Physiological Significance —Tie 
flnonno in the enamel of teeth is present in the 
form of fluorapatite, [CaSjCajlPO^ljjjF, 
(G. Shearer). The mineral portion of the bone! 
of vertebrates consists mainly of catbonato- 
apatite, [Ca((P04)2Caj\5C03, and hydroxy, 
apatite, [Ca{(P04){Ca3}](OH}2 (Bassett, J CS 
1917, 111, 630 ; Hendricks, Jefferson, snd 
Mosley, Z.Knst. 1932, 81, 382), whereas the bone 
ash from fish and mammals contains os mam 
constituent the complex phosphate 
[CaB^CajlPOJjHOH)* 
(Morgulis, J Biol Chem. 1931, 93, 453). 

An important co-ordination compound of 
physiological significance in the animal kingdom 
IS hiemm (I), the essential ferruginous colouring 



matter of blood Closely allied to this pigment 
18 hsmocyanme, the blood colouring matter of 
crustaceans and molluscs, but in this compound 
copper replaces iron. Another copper pigment 
of similar type is turacm, a reddish-purple pro 
duct present m the feathers of the touraco 
In the vegetable world, the chief co onlmalcd 
compound is chlorophyll, the green colouring 
matter of plants Tw 0 forms, a and p, hai e been 
recognised, and the structure of the former 
variety is indicated by II. The P form contains 
an aldehyde group replacing a metliyl group, but 



MsfcH icH,], CHM« CHM» (CH.lg CM* CH CH^ 
II. 

both forms contain the 4- co crdioatcd mag* 
ncstuni atom. 
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C O P A E N E . The la>vorotatory sesquiterpene 
hydrocarbon, copaene, CJ5H24, b.p. 119-120°/10 
mm., d« 0'9077, 1-48913, [a]i, -13-21°, occurs 

in African Copaiba oil (from Oxystigma Mannii) 
(Schimmel’s Report, 1914, April, p. 48) and 


inoilofsupa, Henderson, McNab and Robertson 
assigned to it the structure (I) (J.C.S. 1926, 
3077). this differs from that of Semmler and 
Stenzel (Ber. 1914, 47, 2555) as regards the 
bridge. On treatment -with hydrogen chloride 
it yields cadinene dihydro-chloride (II) whilst on 
oxidation with ozone or potassium permanganate 
it gives a monobasic ketonic acid, copaene ketonic 
acid, CJSH24O3 (III), {semicarbazone, m.p. 
221°), which on further oxidation with sodium 
hypobromite yields a dibasic acid copaene 
dicarboxylic acid, C42H]804 (IV). 

Apart from cadinene dihydrochloride no 


CHMe CHa 


CH 

I 

CH 


C— Cl CH, 


CH 
C/ 


CHMCj II. 


2 

CMeCI 


< 

ZHCI 


HjC 

HOji 


CHMe CH 



NaOBr 


CHMe CH 


HjC 

HC 

'S 



CHMe CH 



CHMea III. 


crystalline derivatives have been prepared from 
copaene. 

J. L. S. 

CO PA I B A . Copaiba, or Balsam of Copaiba, 
is the oleo-resin obtained from various species 
of Copaifera, of which the most important is 
0. Langsdorfii. The oleo-resin is secreted in 
Bchizogenous ducts which eventually become 
lysogenous cavities in the*trees, and these are 
opened by boring to allow the secretion to 
flow out. Copaiba is a thick, viscous liquid 
of a yellow to bro^vn colour, often fluorescent. 
In commerce the balsam is sold on a description 
which indicates the place from which . it is 
•exported and which to a considerable extent 
covers the district in which it has been collected 
and, therefore, -within reasonable limits, the 
species from which it has been obtained. The 
principal areas of its production are in Brazil 
and the northern portion of South America. 

The best known varieties are Maranham, 
Maracaibo and Rara. The principal differences 
between the various balsams ore in the pro- 
portions of essential oil and resin. Its use is 
entirely confined to medicine, and the standards 
of the 1932 edition of the “ British Rharmaco- 
pceia ” are as follows. Its specific gravity should 
be from 0-960 to 0-995, and the acid value of 
the residue obtained by drying in a -water bath 
should be from 120 to 160. The optical rota- 
tion of the essential oil obtained by distillation 
by steam or under reduced presence should be 
from —7° to —35°. The resin obtained by drying 
on a water bath should be not less than 50% and 
not more than 65%. 

At present copaiba is seldom adulterated, but 

VoL. III. — 22 


if so, the principal adulterants are gurjun 
balsam and the so-called African copaiba. 

Essential oil of copaiba (q.v.) is used to 
some extent in medicine, ns is also the resin. 
For an exhaustive examination of a sample it 
is necessary to separate the essential oil and 
the resin and examine each separately. The 
essential oil is best distilled m a current of 
steam to avoid decomposition, which takes place 
even when the balsam is distilled in vacuo. 
The table at the top of p. 338 will show the 
figures for a number of typical authentic 
samples, but sh’ght variations may be expected 
in a substance derived from several species 
under varied conditions. These values are 
merely typical, variations from them may 
be expected, and definite limits cannot be 
given. 

For the detection of gurjun balsam oil, the 
determination of the optical rotation of the 
essential oil is important. Gurjun oil has a 
rotation which is rarely below —70° and often 
reaches —130°, so that a higher rotation than 
—35° in the essential oil renders a sample very 
suspicious. If 3 or 4 drops of the essential .oil 
are dissolved in 3 c.c. of glacial acetic acid and 
the mixture is carefully poured on to the surface 
of concentrated sulphuric acid, a dark violet 
colour is developed in the acetic acid solution if 
b% of gurjun oil be present. 

The resin of copaiba consists for the most part 
of bodies of an acid nature. According to 
Schweitzer (Pogg. Ann. 1829, 17, 784 ; 1831, 
21, 172) one principal constituent is a ciystalline 
acid melting at 131°, to which the name copaivic 
acid was assigned. Its formula is given as 
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Maranham 

Hanealtio. 

Cartagena 

Part. 

Bahia. 

So cr. of balsam at 15 5® 

0 090 

0 960-0 996 

0 950-0 970 

0 920 

0 975 

Acid value of balsam . 

70-80 

85-90 

60-80 

30-55 

80 

Refractive index of bal- 
sam (20®) .... 

15120 

1-516 

1-510 

1508 

1506 


40-60 

45-48 

42 


44 


0900 

0900 

0904 

0900 

0-905 

Refractive index ot oii at at)'' 

1-4980 

1*4980 

1-4960 

1-498 

1495 

Optical rotation ofoilat20‘ 

-18* 

-10® 



-18® 







Ester value of ream . . 

38 

50 

45 


75 


C»oH.(|0*. Numerous otter &cida h&Te beeul According to Freise (Perf. and Esacnt Oil Eee. 
d^cnbcd, but as Lttle other than combaation 1 1934, 25, 218) there are 16 species of Copai/erato 
results and empirical formuhn have been I be found in Brazil. He has examined 6 samples 
quoted, it is not necessary to reprodneo them | from different species, and gives the loilowioj 
here (see Arch. Pbarm, 1901, 239, 548). I as their characters : 



Su also Balsam of copaiba, '^AUeo's Com* 
mercial Organic Analysis,” 5th ed., Vol. IV, 
p. 307; Deussen and Eger (Chem.>Ztg. 1912, 36, 
561) : CochiDg (Chem. and Druggist, 1919. 77. 
119): and von Soden (Chem. Ztg. 1909, 33. 
428). 

It will be convenient to describe here the 
BO called Afncan copaiba. This body is also 
known as JUunn baltam. Its botanical ongin 
b nneertain. It bos been ascribed to Oxyst'gaia 
Afannit Harms, but is more probably the product 
of Daniellia tkuri/era. It closely resembles true 
copaiba in characters, the principal physical 
didcrcnco being that its essential oil is dextro- 
rotatory. The characters of the balsam are as 
follows : 

Specific gravity ... 0 985-9 998 
Acid value .... 55-60 

Ester value .... 8-10 

lUurie acuf, C,gHjjO|, melting at I28%UBlated 
to ^ tbe chief of the resin acids CTsdiirch 
and Keto, Arch. Pharm. 1901, 239, 548). 

COPAIBA. ESSENTIAL OIL OF.— 
The oil distilled from the otco resin or balsam 


of copaiba derived from various species of 
Copai/era (Fam. Leguminose), which are Urge 
trees found chiefly in Brazil, Venezuela, Guiflus 
and Colombia. The oleo ream is a secretioa 
which IS obtained by boring the tree and collect* 
ing the exudation. It is imported from lisrss* 
ham, Maracaibo, Pard, Cartagena, and Cayenne. 
The Pard variety yields 65*80% of oil, the other 
vaneties 35-65%. 

Compoattion —This oil consists mainly of 
the sesquiterpenes, j8 caryophyllene and cadi* 
nene. 

CharacUrt. — It is a colourless or pale yellow on. 
epgr. 0 895-0 908, opt. rot. —7* to —35®, re* 
ind. 1495-1*600. A solution of 1 mh of oil 
m 5 ml. of glacial acetic acid should not develop 
more than a faint reddish or purple coloration on 
the addition of 4 drops ofnitrio acid (8bscD»0| 
gurjun balsam). When distilled under redoc*® 
pressure the first 10% fraction has an oj^O" 
rotation lower than that of the original «o 
(absence of oil of African copaiba). The «l » 
used in medicine as a unnary antiscpticj^ ^ ^ 

COPAL.— This varnish resin is, 
commercial point of view, of very great i®' 
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portance. It will be convenient to deal with | 
its numerous varieties, from a geographical point 
of view. The principal of the copals are as 
follows ; 

(1) Bast African copals. 

(2) West African copals. 

(3) Kauri gum or New Zealand copal. 

(4) Bast Indian and Manila copals. 

(5) South American copals. 

(1) The trees yielding East African copal (Zanzi- 
bar, Lindi and Tanganyika) are Trachylohium 
verrucosum (Fam. Legamimosae), Hymenaui 
verrucosa (Madagascar) =I'racAyio6iiim vcr- 
nicosum and Copaifera conjugaia Milne- 
Redhead (Inhambane). 

The resin ducts are near the surface and no 
injury to the tree is necessary. Native collectors 
recognise three varieties of copal : (a) that 

obtained direct from the trees ; (5) that which 
has dropped from stiU growing trees and collects 
in the soil, where it has hardened, known as 
“ semi-fossil ” copal ; and (c) that found in the 
BoU, which has been dropped from trees no 
longer existing, knmvn as fossil resin. Some 
of the fossil resin has characteristic rough 
markings, and is known as “ goose skin ” copal. 
This is probably due to uneven contraction of 
the various layers during drying. 

The following analyses of East African copal — 
knoTO generally as Zanzibar, although the 
greater part is produced on the mainland — 
are due to the Belgian Ministry of Colonies 
(Revue generalo de la Colonie beige, 1921, 
552). 


Similar analyses of Madagascar copal {l.c.) gave 
the following results : 



Sp. gr. 

Mois- 

ture. 

% 

Ash. 

% 

% 

soluble 

in 

alcohol. 

Acid 

value. 

Sap. 

value. 

1 

1*062 

0-52 

0-014 

76 05 

140-3 

155-7 

2 

1-060 

1-09 

0*40 

57 31 

111-08 

140-3 

3 

1-052 

1-05 

0-27 

49-28 1 

1 1 

100-8 

111-8 


The constituents of Zanzibar copal are not 
known with any degree of certainty. Resenes 
and acids with very high molecular weights have 
been quoted, but until a series of well-defined 
derivatives has been prepared, the individuality 
of these bodies cannot be relied on. Reference 
may be made to the papers of Tschirch and his 
fellow workers (Arch. Pharm. 1896, 234, 552 ; 
1897, 235, 92; 1901, 239, 145, 298; 1902, 240, 
202, 478 ; 1908, 246, 293). 

(2) Of West African copals, Congo copal is by 
far the most important. The greater part of the 
exports consists of fossil resin. Sierra Leone 
copal is obtained from living trees. Various 
other copals or so-called copals are produced in 
other West African districts. The copal from 
the Belgian Congo is derived chiefly from 
Copaifera Demeusei Harms, and to a smaller 
extent finm other Copaifera species. A large 
number of samples have been examined by the 
Belgian Ministry of Colonies, which have been 
collected in numerous districts. These samples 
gave results within the following limits : 



sp. gr. 

Mois- 

ture. 

% 

Ash. 

% 

% 

soluble 

in 

alcohol. 

Acid 

value. 

Sap. 

value. 

1 

1-062 

0-81 

0-04 

53-16 

83-1 

83-1 

2 

1-071 

0-87 

0-04 

57-88 

86-7 

89-5 

S 


0-80 

0-04 

48-20 

87-6 

89-1 

4 

1-064 

1-15 

0-05 

52-22 

100-7 

100-7 

5 

1-067 

0-89 

0-02 

54-53 

100-1 

100-1 

6 

1-061 

0-81 

0 06 

51-72 

95-9 

96*0 

7 

1-074 

0-66 

0-08 

93-74 

153-9 

165-1 

8 

1-053 

0-59 

0-04 

93-18 

166-9 

166-9 

9 

1-057 

0-58 

0-01 

81-39 

142-7 

151-1 


Specific gravity . 
Moisture % . 
Ash%. . . . 

Soluble in alcohol % 
Acid value 
SapoTiification value 


1-033-L065 
0-26-1 -00 
0-017-0-06 
38-82-70-53 
85-4-143-7 
91-1-149-5 


For Tschirch’s views on the composition of 
Congo copal, see Tschirch and Engel, Arch. 
Pharm. 1908, 246, 293. 

Hellinckx gives figures for Congo copal which 
are of value, since the samples are all graded as 
to colour : 


No. 

Grade. 

Appearance. 

Melting-point 'C. 

Spgr. 

Acid 

value. 

Sapon. 

value. 

Iodine 

value. 

Lower. 

Upper. 

1 

White 

Transparent white . 

120 

178 


100 

19 

104 

2 

ft 

Opaque white .... 

— 

— 

1-0585 

130 


82 

3 

ft 

Yellowish white, transparent 

110 

160 

1-0482 

117 


73 

4 

ft 

Pinkish white, transparent . 

110 

160 

'1-0459 

104 

130 

90 

5 

ft 

So-called “ black ” type 

108 

147 


— 

— 


6 

Dark 

Dark brown, much impiuity 

135 

185 





■ _ 

7 

ft 

Dark brown, some impurity 

132 

185 

— 

98 

128 

70 

8 

ft 

Pale brown, transparent 

132 

183 

1-0498 

114 

150 

74 

9 

ft 

Brown, transparent . 

135 

190 

1-0633 

114 

150 

54 

10 

Amber 

Ivorine 

90 

135 

— 

84 

120 

59 

11 


Pale brou-n, white striations 

126 

160 

1-0486 

85 

150 

96 

12 

„ 

Brownish, opaque 

130 

167 



90 

130 

14 

13 


Brown, chalky appearance . 

125 

195 

— 

79 

121 

110 

14 

ft 

Yellow opaque .... 

95 

145 

1-0550 

42 

69 

72 
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It n^ill be seen that the analytical examination 
of copal must be regarded as quite sabudiaty 
to the expert knowledge gamed by those 
accustomed to handle specunens of known 
origin. 

(3) Kauri gum or IS'ew Zealand copal is the 
product of Agathis auslralia (Fam. Araucariacea:), 
the fossil “ gum ” bemg dug from the soiL 
The tree is said to Lvo for over 3,000 years 

Kauri “gum” Nunes greatly m quaUty, aa 
some is found m tine, clear, bold pieces, some as 
small fragments, and some adherent to old tree 
stumps, from which it has to be extracted. 

This resin has the following characters : 


Moisture % . 2-5 

Ash % . 0-0 2 

Acid value 60-80 

Saponification value 84-130 

Insoluble m CHCI,, % 2-20 

lodme value 100-125 


Tschirch and his fellow workers have, as with 
most of the copals, given formula for various 
acids isolated from this ream, hut the mo«t 
recent work on the subject is that of Ruxicka 
and Hosking (Annalen, 1929, 469, 147 ; Relv 
Chim. Acta, 1930, 13, 1402 , tbtd. 1931. 
14, 203 They laolated a crystalline acid, 
C|,HjgO,„ which they termed agathic- 
bicarboxyhe acid (?i.) It is present in both 
New Zealand and Manila copals. An ether, 
soluble amorphous ream acid from Manila copal 
on dehydrogenation with selenium gave 1:2:5- 
tnmetbylnaphthalene, a hydrocarMn, C|.H,, 
and retene, whilst agathio acid yielded 
pimnnthrene but no retene . 

(4) The East Indian and Manila copals, which I 
include the copals from the islands of the South | 
Pacific from Sumatra and the liUlay Peninsula 
on the west to Celebes and the Phibpmne 
Islands on the east, arc derived mostly from 
the hvmg tree Agalh\s alba. These copab have . 
the following characters 

Acid value (of pure ream) . 120-150 

Samnification value (of pure resio) 165-190 

lomno value . . ... 00-120 

For the older views as to chemical composition, 
see Tschirch and Koch (Arch. Fharm. 1902, 
240, (3), 202] and Richmond (Philippine J. Sci. 
1910,6, 177). 

Ruiicka, Steiger and Sehinz (Helv. Cbim. 
Acta, 1026, 9, dC2) have examined Manila copal 
and found it to consist of 80% of acids as 
follows : 

(i) A monobasic acid, CigHjgOi or 

(u) A dibasic acid, apparently 

identical with Richmond’s acid, 
C„H„0,. 

(ui) A dibasic acid, CggHijOg. 

(5) The South American copals are probably 
derived from species of Ilymtnaa, but aro not 
of great commercial importance. 

In general properties the copab vary in 
colour from white to jellow, red, brown and 
browTush-black ; their softening and melting- 
points and their spceifie gravities also vaiy. 
An excellent criterion of the value of copal n ita 
hardness. Generally speaking the borier tha 
copal the greater its value, but this does not 


always apply to kauri copal. The foUowinj 
table fairly represents the average hsrdnesi of 
copals taken in their order, with Zantibar cob »1 
at the head of the hat : 

(ll Zantibar. (8) WTiite Benguela. 

(2i Mozambique. (9) C!ameroon. 

(si Lmdi. (10) Congo. 

(4) Red Angola. (11) Mamla. 

(5) Pebble Copal. (12) MTute Angola. 

(6) Sierra Leone, old. (13) Kauri. 

(7) Yellow Benguela. (14) Sierra Leone, new. 

Copal IS partially soluble in many organjo 
aofvents . for example, in alcohol, especially 
after It has been left to swell up in ether 
Bi‘t to convert copals into a completely soluble 
fo^ it 13 necessary to heat them, sometimee 
evfo to tho point of destructive distillation at 
400°C., when the resin becomes soluble m tur- 
pentine or linseed oil. 

Many analytical values have been pubbsbed 
fo( copal in general. The folloWuig papen 

1868. 58, 224) ; Lippert and Reissiger (Z. 
angew. Chm. 1900, 13, 1047) ; Sehmult and 
Efban (Z. angew. Cbem 1889, 1, 35) ; Wontall 
(J, Amer Cbem. Soc 1903,25, 860); Hellincki 
(Dissertation, Louvain University, 1935). 

fodine Value . — The most full examination of 
tb^ iodine value is that of IVorstall (fe.) and, 
for Congo copal, HeUinckx (le.). WoraUll 
gives the following values based on the HQbl 
method ■ 

Type Maximum Ulnlaun 

JCaun 170 74 

Manila 148 10( 

fonlianac . . . . 142 119 

Zanzibar . .... 123 115 

Mozambique .... 130 

Madagascar 126 

West African .... 143 122 

' Sierra Leone .... 105 102 

Prazilian 134 123 

E. J. P. 

COPALIN. Highgate resin. A fossil reim 
ToOnd m the blue clay of lligbgate HiU. 

CO-PIGMENTS. The influence of tawiia 
in increasing the blue tone of anthocysmn 
flower pigments when they are in solution 
w»s first observed by WillsUltter and Zolhngrr 
(Annalen, 1916, 412, 212). The phenomenoa 
w».5 further studied by O. and R. Robinson 
(Biochem. J. 1931, 25, 1687; 1932, 26, 1W7). 
who discovered the importance and sigmficanrt 
I of not only tannma but of other_ colouriess 
leutistanccs in flower colour variation. They 
I termed all these compounds which turn actho- 
' cynics blue “ co-pigmcnts.” Typical co- 
pigment efl’ects are seen in magenta and rose- 
pink Oiinese primulas as compared with ced and 
salmon ones, and in the purple inner petals of the 
fuchsia. „ 

A co-pigment effect is visible in tilro as wta 
as »» tiro, but is lost at boiling-point or on 
extraction with an immiscible solvent, such u 
amyl alcohol or ethyl acetate, and regsiaed 
on cooling or on reprecipitation of the co-pigB*° 
into the aqueous layer. 
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These compounds are specific in their action 
and exist for ail types of anthocyanins, but with 
a few outstanding exceptions pelargonidin 
derivatives, especiafly 3-biosides, are not found 
to be greatly affected by co-pigments. The 
chief natural co-pigments appear to be the 
tannins and anthoxanthin (flavone and flavonol) 
glycosides. Experimenting with synthetic com- 
pounds, G. and R. Robinson found that while 2- 
hydroxyxanthone, papaverine and quinaldine 
act as strong co-pigments on specific antho- 
cyanins, 4-hydroxyxanthone, laudanosine and 
quinoline have very little action. They suggest 
that the phenomenon has little or nothing to 
do with salt formation, since it occurs in the 
presence of a large excess of mineral acid ; but 
is evidently the result of the formation of 
weak additive complexes which are dissociated 
at an elevated temperature or by the action of 
solvents. 

Co-pigments not only modify the colour of 
acid anthocyanin extracts, but they also have 
specific effects upon distribution numbers and 
upon the colour reactions with ferric chloride, 
sodium carbonate or sodium acetate. 

Robinson, Robinson and Robr-ts (Biochem. 
J. 1934, 28, 1712), using narcotine and papa- 
verine as co-pigments for oenin and chrysanthe- 
min, found that the extent of the depression of 
the normal distribution number (the partition 
value between amyl alcohol and aqueous acid) 
was correlated with the extent of the co-pigment 
effect. Papaverine was in both cases much 
more effective than narcotine. On plotting the 
log. curve for the distribution of oenin or 
chrysanthemin between amyl alcohol and water 
at various concentrations a slope of 1 instead of 
2 was obtained when excess papaverine was 
present. Since it had already been deduced 
by Levy and Robinson (J.C.S. 1931, 2720) 
that in aqueous solution anthocyanins were 
associated as double molecules, while they were 
single in the bluer amyl alcohol layer, these 
results with co-pigmented extracts point to the 
breaking up of the double molecules by a 
combination between alkaloid and anthocyanin, 
thus giving the distribution and blueing effect 
compatible with single molecules. When com- 
pared over a large range of pj[ values, co- 
pigmented anthocyanins are always found to be 
bluer than the normal pigment (c/. Buxton, 
J. Genetics, 1932). - 

The researches (Robinson el al.) upon the 
marked specificity of co-pigment action were 
followed by Lawrence’s observations (Nature, 
1932, 129, 834) upon co-pigmentation in Dahlia, 
and upon the remarkable variation in the 
specific effects of various crude ivoiy antho- 
xanthin extracts upon a number of natural 
anthocyanins (see Scott-Moncrieff, J. Genetics, 
1936, 32, 117). The effect of these ivory 
pigments upon malvidin 3-monoglycoside was 
extreme ; with cyanin the effect was strong 
but not so marked, while pelargonin was only 
slightly modified. Moreover, each anthocyanin 
was modified in a difierent degree by each of the 
anthoxanthin extracts. 

Since the production of anthoxanthins and of 
anthocyanins is inversely correlated, a co- 
pigmented magenta or blue flower is necessarily 
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paler in colour than the corresponding red or 
purple unco-pigmented variety (Lawrence and 
Scott-Moncrieff, J. Genetics, 1935, 30, 155). 

R. S.-M. 

COPPER (Fr. Cuivre; Ger. Kupfer). 
Sym. Cu, at. wt. 63-57, at. no. 29, isotopes 
63, 65. 

OcctJRHENCE. — Copper occurs in the native 
state in many localities and is widely distributed 
as compounds of the metal, the following being 
the most important minerals from which it is 
extracted : native copper, sometimes associated 
with silver and bismuth ; oxides, cuprite CUjO, 
tenorite or melaconite CuO ; sulphides, chalco- 
pyrile or copper pyrites Cu2S,Fe2S3, chalcocite or 
copper glance CU2S, covellite CuS, bornite or 
erubescite Cu^FeSj; double sulphides with 
antimony or arsenic, tetrahedriie 4CU2S,Sb2S3, 
tenJian<!lc4Cu2S,As2S3,/ama(ini7c3Cu2S,Sb2S5, 
enargite 3 Cu 2 S,As 2 S 5 , bournonile, 

3(PbCu2)S,Sb2S3; 

sulphate, chalcanlhite or copper vitriol 
CuSO.,, 5H20; carbonates, malachite 

CuC03,Cu(0H)2, azurite, 2CuC03,Cu (OH)2 ; 
silicates, chrysocoUa Cu0,Si02,2H20, diopiase 
Cu0,Si02,H20 ; chloride, atacamite, 

CuCl2,3Cu(OH)2. 

The importance of the several species of ores 
in the above list varies very much with the 
locality. Thus, while native copper occurs 
to a considerable extent in the Lake Superior 
district of North America and at Jlonte Catini, 
Italy, and is worked for the metal, and atacamite 
occurs and is worked at Los Remolinos and the 
Atacama Desert, South America, these minerals 
would in other localities be looked upon as rather 
rare, and as occurring only in the zone of 
weathering of copper lodes. So also in the case 
of malachite, this mineral, as an ore of copper, 
has been seldom worked except in small quan- 
tities in the upper and oxidised portions of some 
copper lodes, yet in the case of the once 
celebrated Burra Burra mine in South Australia 
and at Nishni-Tagilsk in Siberia it formed the 
bulk of the ore produced, and very largo 
quantities have been obtained from these 
districts. The most remarkable deposit of 
malachite is that of the Katanga region of the 
Belgian Congo and the adjacent part of Northern 
Rhodesia; this is a most important field for 
copper and produced over a quarter of a million 
tons of the metal in 1936 ; the minerals are 
malachite, azurite, chrysocoUa, melaconite, 
chalcocite, together with, at some mines, 
chalcopyrite and bornite ; chalcopyrite and 
other sulphides are encountered at depth. 

Chalcopyrite is the principal commercial 
source of copper and occurs in a number of 
ways, the most important of which are hydro- 
thermal veins as in California, Montana, Arizona, 
Alaska, and Canada, pyrometasomatic deposits 
in which the chalcopyrite occurs with other 
sulphides at or near the contact between 
bodies of intrusive rock and limestone as 
Clifton-Morenci and Bisbee, Arizona ; Bingham, 
Utah ; Alaska, Canada, Australia, Japan, and 
Korea. Chalcopyrite associated uith bornite 
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occurs in the Kupferschicfer at Hanafeld. 
Germany, where the copper minerals occur M 
plains in a shale and are of sedimentaiy oi^m 
deposited at the same time as the shale. 

ihe world's production of copper is about 1) 
million tons per annum, of which the United 
States, Chill, and the Katanga area of tbe 
Belgian Congo and Rhodesia each produce about 
one-fifth. Copper ores frequently cany a 
low percentage of copper, thus some ores worked 
at a profit cany o^y 0 5% of the metal, and 
the arersge content is probably about 2 0%. 
The ore reserves of the Kchanga Consohda^ 
Copper limes ofNorthem Rhodesia are estimated 
at about I28milLon tons having a capper content 
of 4 66%. The Nehanga West portion of this 
total IS 41 million tons which includes tmHiod 
tons containmg 17% copper. The importance 
of the Northern Rhodesia deposits can be 
realised from the fact that m 1936 the ore 
reserves were reported as 600 zniUioD tone, 
with an average content of 4 11% copper 
(Parker and Gray, Trans. Inst. Jlin. Met. 1936, 
45, 330) 

Eiteaction, 

Generally speaking, m all copper ore deposits 
a certain amount of oxidised material is found 
ID the portions near tbe surface, but as depth' 
is attained and almost invariably at or about 
the leie] at which water is rcach^ tbe copper- 
bearing minerals change and the oxidised 
minerals give place to sulphide minerals, 
and these finally to chalcopynte intimately 
mixed with varying proportions of pyrite. 
Chslcopyrite thus diluted down with pyrite, 
pyrotite, etc, forms the ore from which the 
greater proportion of the world's copper supply 
IS denv^, and the bulk of the material treatea 
at smelting works generally. Such ore some- 
times contains appreciable quantities of gold 
and silver. The silver is frequently carried by 
intermixed fahl ore, but also in many instances 
by the pyntic mixture m which distinct edver- 
bearing minerals are not observable. Tbe ores 
as mined generally contain only email percen- 
tages of copper, frequently not more than 1%, 
and are submitted to some form of concentra- 
tion, the most important being flotatioR pro- 
cesses by means of which a concentrate is 
obtained much richer in copper and more 
Biutable for treatment and a tailing containing 
very little copper, which can be discarded. 

The actual extraction of tbe metal and 
production of copper in the metalLc state is 
earned out by one of two distinct types of 
process; one of these, by far the moat jujpor. 
tant because of its very general appDcation, , 
treats the ore by smelting and is known as the 
dry method. The other— of only limited 
application— treats the material with solvents, 
thus obtaining the copper in solutions^ &om 
which It is recovered by suitable means, these 
processes are known as wet methods. 

The maul consideration which has to be 
taken into account m deciding whether a dry or 
a wet method u best for any given ore is the 
nature of the ore itself, but other conriderations 
include tbn locality of tbe ore deposit, and this 


includes the avaUability of suitable fuel supplies 
crater supply, suitable labour, and other require^ 
ments. 

Dry Methods.— These methods are iiuUWs 
for ores m which the copper is present as 
sulphide, and the object of the first stage 
of the smelting pioccsa is to obtain tbs copper 
in a concentrated form in the first product of 
smeitmg. For this purpose the ore is smelted 
under oxidising conditions in snch a way as to 
produce as the mam product a “ matte ” or 
" regnlus " which consists of cuprous sulphide, 
Cu,S, and iron sulphide, FeS, in varying 
proportions, together with sulphides of certain 
other metals which may be present in the ore. 
Practically the whole of the copper present m 
tbe ore thus passes into tbe matte and a second 
product containing only traces of copper, 
slag, is also formed, Tbe slag consiata of 
tbe silica origmally pnseat in the ore, com- 
bined with oxide of iron formed by the oxidation 
of part of tbe iron sulphide present together 
with earthy bases also present or with hme sdded 
to the charge. The slag is thus mainly com- 
posed of iron silicate, and owmg to its lover 
specific gravity separates easily from the 
matte and is removed to the slag dump. 

Havmg thus concentrated the copper is the 
matte, the second stage of the process coiuisti 
in tbs decomposition of this matte in such a_ 
manner as to eLminate tbe iron and lulphor' 
and, as far as possible, other metallio elementi 
which may be present aod to yield tbe copper 
in the metalhc state. For this purpose complete 
oxidation of the iron eulphide present and tbs 
combination of tbe oxide of iron formed with 
eilica to form a slsg is carried out, to«tber 
with partial oxidation of the cuprous sulphids 
and subsequent reaction of copper sulphids 
and oxide yielding metallic copper. This is not 
eotEciently pure for the ma»et as it msy 
contain smaU quantities of impurities ongioaUy 
present in tbe ore and it may also conUiu 
gold and sOver worth recovering. This impure 
copper is commonly known as blister copper, 
from tbe fact that large blisters are found oa 
the snr&ce of the pigs of copper, formed by tbe 
evolution of sulphur dioxide from tbe metsl 
during its solidification. 

Tbe final process therefore consists in the 
refioiAg of the copper produced as above, or 
tn removing as far as practicable tbe smsU 
quantities of such elements as may still be 
present which would either injuriously affect the 
metal for manufacturing purposes or be of 
ouSicient value to be worth separating. 

Tbe treatment of the ore involves, therefore, 
three distinct operations : 

1. Smelling the ore with the production of 
matte and slag. 

2. Treatment of the matte for the production 
of crude copper. 

3. Refining the cmde copper. 

1. Smeltzko the Oee wmr the PaoDrenov 
o» Uatte awD Stjio. — ^Tbe object of this proc» 
being the concentration of the copper in the 
matte, the chief considerations kept in vie* 
are the production of a matte as rich in copj^r 
and a slag as poor in copper os is practically 
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and economically possible. The desired grade 
of matte for subsequent treatment having been 
decided upon, the smelter regulates this by 
suitably proportioning the sulphur in the 
charge to be treated so that there shall be 
sufficient to form Cu^S ■with all the copper 
present and a further quantity to form FeS 
■with some of the iron present so that the matte 
produced shall contain the required percentage 
of copper. Prom these considerations it -will 
be seen that the factor which regulates the 
grade of the matte is the proportion of sulphur 
to copper present in the ore mixture to be 
smelted. When smelting purely pyritic ores or 
concentrates it frequently happens that the 
quantity of sulphur present is considerably in 
excess of requirements, and if smelted direct 
would result in a low grade of matte, so that 
the production of the most suitable grade 
necessitates the removal of this excess of 
sulphur by a preliminary operation known as 
“ calcining ” or more properly “ roasting.” 

This process consists in subjecting the ore 
to a dull red heat under oxidising conditions so 
that the sulphur combines ■with oxygen derived 
from air admitted and in contact ■with the 
ore with the production of sulphur dioxide, which 
is generally used for the manufacture of sulphuric 
acid, while oxide of iron and oxide of copper to 
pme extent are formed at the same time. 

The method of carrying out this roasting 
process depends upon the nature of the ore 
and also upon the locality; thus it may be 
roasted : 

(а) In the rough or lump form — ^in pieces from 
J-in. cube upwards ; or 

(б) In the finely divided state or as concentrates 
obtained by preliminaiy mechanical washing of 
the ore or by flotation. 

Under (a) : Copper ores were formerly 
roasted in heaps in the open air by starting 
the combustion by means of wood, the com- 
bustion being maintained by the sulphur 
in the ore. It is evident that there must be 
objections to this method owing to the con- 
tamination of the atmosphere with sulphur 
dioxide, and there are few localities where such 
a method would now be tolerated. As an 
improvement on heap roasting, stalls and 
kilns have previously also been used ; these 
consisted of series of chambers built back to 
back, suitable flues being arranged to carry the 
fumes to a chimney stack. An improvement 
on these methods consisted of the use of 
“ burners ” or closed chambers similar to those 
used for burning pyrites in sulphuric acid works, 
the sulphur dioxide being used for the manu- 
facture of sulphuric acid. 

Under (6) : Finely divided copper ores were 
formerly roasted in long-bedded reverberatory 
furnaces to which a firebox was attached 
at one end and an exit for the gases at the other 
end. The ore was dropped from a hopper 
through an opening in the roof on to the bed 
at the flue end of the furnace, where it was 
spread out by suitable tools worked by hand. 
The conditions in the furnace were intensly 
oxidising and the charge was slowly moved 
from the flue end to the firebox end by the 
workmen, losing sulphur on its way, and finally 
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being discharged through openings in the bed 
into vaults or chambers placed below. The 
labour required on these furnaces was very 
hea^vy and the output small, so that they have 
now been displaced by other methods of roasting, 
including those in which the ore is stirred, 
moved forward, and discharged by mechanical 
means operated by power. 

Several forms of straight-hearth mechanical 
furnaces have been used similar in principle to 
the hand calciner. For example, one such 
calciner consists of a flat bed, 100 ft. or more 
in length, covered ■with an arch. At the cool 
end is the inlet for the ore and at the opposite 
end is the outlet. At the hot end also, but on 
the side of the furnace, is a firebox ■with its 
inlet to the furnace constructed in the roof of 
the latter. Other similar fireboxes are placed 
along the length of the furnace, and at the cool 
end is the flue for carrying off the gases. A 
channel is constructed in the side walls of 
the furnace in which rails are laid and suitable 
carriages with wheels resting on the rails 
stretch across the furnace, to these ploughs 
are attached which, passing through the 
furnace, turn over and mix the ore and at the 
same time carry it forward. The carriages 
and ploughs are moved by a pair of endless chains 
which cause them to travel through the furnace 
in one direction and to return in the other 
direction under the furnace bed. Each time the 
carriage enters the furnace it takes in ■with it a 
portion of ore or concentrate to be roasted and 
each time it leaves the furnace it carries out a 
similar portion of roasted product. 

The McDougall furnace (Fig. 1) is typical of 
the class of roaster largely used at the present 
time. This consists of a series of flat, circular, 
superimposed firebrick hearths enclosed in a 
brick-lined cylinder of steel plate. An iron 
shaft passes centrally up the cylinder through 
openings in the several hearths and is caused to 
revolve by suitable gearing attached to one end. 
This shaft is cooled by water or air. Arms are 
attached to this shaft above each bed. These 
arms extend from the shaft to the periphery 
of the circular beds and have attached to 
them a series of ploughs set at a slight angle to 
the arm. The ore is fed from a hopper on 
to the top bed near the outside and as the arms 
revolve they turn the ore over and gradually 
move it from the outside to the centre of the 
bed. At this point is an opening through which 
the ore falls on to the second bed. On this 
bed the ploughs are so set on the arms that the 
ore travels in the reverse direction and is dra^wn 
to the outside of the bed. Here it discharges 
on to the third bed and so on until it passes 
out at the bottom of the furnace. Arrangements 
are made for the charging of this hot roasted 
material into reverberatory furnaces with as 
little fall in temperature as possible, leading 
to economy in fuel. The openings through 
which the ore falls from one bed to the other 
serve as flues through which the gases pass 
upwards through the furnace, finally escaping 
through a flue above the top bed to the sulphuric 
acid plant. Attached to the lowest bed is a 
firebox by which the furnace is heated up in 
order to start the roasting; after onbe being 
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etartcd, Jiltle or no fuel is required, as the i 
oxidation of the ore provides suffieient beat | 
throughout the apparatus ; a partial removal of i 
sulphur 13 all that is requir^. | 

Another method of removing the excess , 
sulphur which has been used is known as “ pot | 
roasting ” or “ blast roasting." This method 
has been applied to concentrates and fines and, i 
while It eliminates the sulphur, the heat attained 
13 at the same time sufficiently intense to cause 
the ore to partially melt or smter together, 
forming a mass which requires to be broken 
up but is suitable for blast-furnace treatment. 



The process is carried out in a similar manner 
to that used in the treatment of lead and zinc 
ores but is little used m the metallurgy of 
copper. 

After the sulphur in the ore mixture baa been 
reduced to the requisite amount it is ready to be 
smelted. For this operation one of two 
distinctly different types of fumscc is osed. 
These are: (i> blastfurnace; (u) merberatoiy 
furnace. 

The choice between these methods of ameUmg 
(iepenils on a vsnety of circumstances, all of 
«hich must hare proper consideration, but tho 
following are the chief point*, viz. s if the ore 
to be smelted is in the state of concentrates as 


most of tho material Is at the present time 
owing to the development of concentrating 
methods and especially of flotation processes, 
it IS generally unsuitable for blast furnace 
treatment, while it is eminently suitable for the 
reverberatory furnace. On the other hand, 
rough ore is unsuitable for reicrberatory 
furnace smelting, and for this blast furnaces ate 
used Certain ores which carry gold and 
advec in tho gangue minerals and ores which 
contain both sulphide and oxidised minerals of 
copper are best treated in blast furnaces. 
During the smelting of the former, the precious 
metab wiU pass into the matte formed and wiU 
be carried into the metallic copper obtained, 
from which they are easily rtcoiercd during 
electrolytic refining 

(i) £la*t Furnace Smehinff — ^The furnace used 
IS constructed with water cooled walls of steel 
plate, each section of which is termed a jacket 
and IS generally rectangular in shape. As the 
working of this type of furnace i* dependent 
upon an air blast projected into the interior, 
the width of the furnace n limited by the 
strength of the blast which is requir^ to 
penetrate the charge from the sides to tho centre 
of the furnace, while tho length of the furnace 
IS only limited by the capacity required. The 
increase in length is obtained by clamping 
tomber two or more of the jackets on each 
side, thus extending tho longer asu of the 
furnace 

The jackets stand on a thick cast iron phto 
carried on iron supports. In some cases, as in 
Fig 2. these jackets are only used tn the lower 
part of tho furnace, tho upper part being 
constrncted of bnck, but the brickwork is now 
generally replaced with a second tier of )seketB 
reaching up to the feed floor. Above the 
feed floor the fumaco is continued in the form 
of a coveredon bnck chamber with bfling 
doors for charging and an outlet for the waste 
gases. The charge consists of a proper mixture 
of oro—either raw, raw and calcined, or partially 
calcined— Suz, either limestone or stlicious 
material, and the necessary amount of coke 
required to form a suitable smelting mixture 
On the lower floor tbe furnace is provided with 
spouU through which the molten products of 
the furnace flow. The side jackets of tbe 
furnace are provided with circular openings 
forming a horizontal line of openings on each 
side of the furnace through which the tuyirei 
pass for the admission of the blast. The blast 
at a Buitablc pressure is generated by a blowing 
engine and a plentiful supply of water is circu- 
lated through all the jackets, tho overflow pipes 
carrying away the hot water. 

Tbe products of the smelting operation carried 
out m this furnace flow out through a spout into 
the settler. This settler consists of a tank, 
constructed of steel plates lined with refractory 
matenal placed in position under the sjwut. 
It may be 10 ft. or more in diameter and 5* 
provided with a slag spout near the top and a 
tap hole near the bottom. In this vessel a 
separation of tbe matte and sLig takes place; 
the matte having tlic higher specilic gravity fall* 
to the bottom and the lighter slag n*ea to the 
top, whence itoverflows through the slag notch 
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into suitable pots provided for its removal 
to the slag dump. From time to time the matte 
is tapped off through the tap hole at the bottom 
of the settler for further treatment. The work- 
ing of this type of furnace proceeds con- 
tinuously, fresh ore mixture and coke being 
charged at short intervals while a constant flow 
of matte and slag passes out through the 
spout into the settler. 

Pyrilic Smdling. — This method of working in 
the blast furnace secures in 'one operation that 
which in the preceding description is attained in 
two processes carried out in separate furnaces. 
In pyritic smelting the high temperature 
necessary to carry on the smelting is derived 
from the oxidation of the sulphur and iron 



(chiefly the latter) contained in the ore itself. 
While this method of working \rithout coke as a 
fuel is ^ of the highest importance from an 
economical point of view, it is of limited applica- 
tion owing to the fact that comparatively few 
mines produce ore which, as regards its physical 
and chemical constitution, is suitable for this 
method of treatment. In working the process 
it is found advantageous to use from 1 to 3% 
coke instead of the 10 to 12% used in the ordinary 
blast-furnace method of smelting roasted ore. 
A small amount of coke used altera the process 
to a partial p 3 Tatic smelting, and is found to be 
desirable in order to keep the charge open. 

In the Mt. Lyell smelter practice the flotation 
concentrate carrjdng 26% copper and 12% 
moisture is charged direct to the blast furnace 


without drying, roasting, or sintering. The 
blast-furnace treatment of this fine material has 
necessitated the introduction of an efficient 
dust-collecting system in which 30 tons of dust 
per day, containing 25% copper, are obtained. 
This dust is incorporated with the concentrate 
pulp prior to filtration, and so is returned 
to the blast furnace (J. N. Greenwood, Proc. 
Austral. Inst. Min. Met. 1936, No. 103, 225). 

(ii) Jteverberaiory-Fumace Smelling . — ^The fur- 
nace used in this process is essentially different 
both in construction and in method of working 
from the blast furnace. Instead of the fuel — 
coke — being burnt in contact with the materials 
to be smelted and the combustion being carried 
on by means of an air blast, the material to be 
smelted occupies one compartment of the 
furnace while the fuel, if lump coal be used, is 
burnt in another. The draught required for the 
combustion of the fuel is quite moderate and is 
obtained by a chimney of suitable height and 
area. The use of lump coal firing has given way 
almost entirely to the use of pulverised coal 
or oil fuel which is introduced through 
suitable burners. The working bed of the furnace 
in plan is a parallelogram. At one end and 
separated from it by a low partition is the 
firebox or space for necessary burners. At the 
opposite end is the outlet flue connecting with 
the chimney. A brick arch extends from the 
firebox end to the flue and covers the furnace 
from Bide wall to side wall. The side walls 
of the furnace contain a number of openings 
used in working the process for spreading the 
ore charge, drawing off the slag, etc., and one or 
more tap holes are provided Tor tapping the 
matte (Fig. 3). 

The furnace walls and roof are constructed of 
highly refractory bricks with an outside casing 
of ordinary bricks, and the whole is bound 
together with steel girders placed vertically 
and tied together by rods. The charging of 
this furnace takes place from hoppers situated 
above openings in the roof near the side 
walls and extending half the length of the 
furnace from the firing end, and hot, partially 
roasted concentrate is 'often used. The charge 
melts down and reactions take place between 
oxide of copper and sulphide of iron present 
whereby the whole of the copper is converted 
into sulphide, according to the equation ; 

CUjO-t- FeS^CUaS-b FeO. 

The oxide of iron thus formed, together with 
that already in the roasted charge, combines 
with the silica in the roasted concentrates, and 
in the converter slags added to the charge for 
copper recovery, together with silica added to 
the charge to provide the correct amount 
necessary for slag formation. The copper 
matte containing all the copper present as 
sulphide together with any excess ferrous 
sulphide forms a layer on the bottom of the 
furnace, and the slag, heing of lower specific 
gravity, floats on the top. The slag is skimmed 
from the top of the charge and the matte 
removed from the tap hole as required. 

Furnaces 147 ft. long by 23 ft. wide have 
been used in Anaconda, and with five coal-dust 
burners per furnace, 760 tons of charge have been 
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amelt4>d in 34 hours with a conauaption of firms tho view that heat transfer in a rerer* 
100 tons of coal dost. brratoiy furnace is mainly by radiation. Tho 

In pulrensed coal or oil firing, the fuel is shape of the furnace has undergone a gradual 
burnt to giTe os short a ilame af possible and the change to allow the rapid evacuation of the 
teeult la a high temperature peak in the furnace. conlHation gases without unnecessary draught, 
The resulting increased tonnage smelted con- the fumaco being run on something approaching 



a balanced draught. The reactions taking matto suitable for recovery of copper and a 
place in reverberatory furnaces, especially slag of easy fusibiLty and os low m copper as 
those between iron sulphide, sulphur diowle, possiWe. 

and copper oxides, hare been studied by A, C. 2. Treatment of tub Matte fob the 
Ealfcrtlahl (Ind. Eng. Chem. 1930, 22, 956J. pRomrenoN of Crude Coffer — It has already 
Tho object to bo attained in this operation been pointed out that tho matto consists of 
in the reverberatory furnace is the same os in cniMwis sulphide CUjS, with varying proportions 
the blast furnace, va. tho production of a erf ferrous sulphide, FeS, and tho further treat- 
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ment of this matte involves the elimination 
of the sulphur and iron, leaving the copper in 
the metalhc state. This operation was formerly 
carried out in two stages in two or more separate 
furnaces ; the first stage consisted in removing 
the FeS and obtaining fairly pure CUjS or 
while metal and involved the partial roastmg of 
the matte leaving only sufBcient sulphur to 
combine with the copper, and the remelting of 
the whole with silica to form a slag with the 
whole of the iron present. The second stage 
consisted in partially roasting the white metal 
untd a certain amount of copper oxide was 
formed and remelting the whole together, 
causing the following reactions to take place : 

Cu2S+2Cu20=6Cu+S02 

CUjS+aCuO =4 Cu+S02 

The first reaction is the most important as 
representing the change which takes place in 
the largest proportion of the material. These 


processes were mainly carried out in reverbera- 
tory furnaces. 

The reactions indicated above are now 
practically always brought about by the 
“ converter ” or “ Bessemer ” process. 

The converter consists of a vessel formed of 
steel plate with a lining of basic material, 
magnesite bricks, or burnt magnesite. Formerly, 
a silicious lining was used which took part m 
the reactions by supplying the silica for the 
formation of the slag with the ferrous oxide 
formed. This method necessitated the frequent 
reh'ning of the converters, which became expen- 
sive, so that basic-lined converters are now 
practically always used, the necessary silica 
being supplied for each charge. The form of 
the vessel is more or less cylindrical with the 
axis of the cyhnder placed either horizontally or 
vertically. In the horizontal form the con- 
verter is somewhat barrel-shaped, and a hori- 
zontal airbox is attached to one side of the 
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vessel for the supply of air to the charge. In the 
vertical form (Fig. 4) a shallow circular airbox is 
attached on the outside at the bottom of the 
vessel. Air at a suitable pressure is supplied 
to the airboxes as required and the supply is 
controlled by suitable valves. The vessel is 
supported on trunnions or friction rollers and is 
capable of being rotated by electrie or hydrauUc 
power. The vessel is provided with a suitable 
aperture serving the purpose of a charging open- 
ing through which the matte to be treated is 
poured in a molten condition, also of an outlet 
through which the products of the operation are 
poured, as well as being an escape for the gases 
produced in the process. Charging of the con- 
verter with matte is effected by means of a 
launder direct from the furnace or settler or by 
tapping these first into a ladle handled by an 
overhead crane which conveys it to the con- 
verter. 

In the case of a basic-lined converter, after 
drying and heating up the lining, a charge of 
molten matte is poured in together with the 
necessary silica to flux the oxide of iron, the 


converter having been tilted into a suitable 
position for receiving it. The blast is then 
turned on and the converter tilted over so that 
the tuyeres are brought beneath the surface of 
the matte and the air, being forced through the 
molten sulphides, causes a rapid oxidation of 
both constituents of the ferrous sulphide. 
The sulphur is oxidised to sulphur dioxide and 
the iron to ferrous oxide, which is immediately 
converted into slag by combination with the 
silica present, formmg ferrous silicate. As the 
oxidation proceeds, the temperature of the 
charge increases and the operation is continued 
untd practically the whole of the iron sulphide 
has been oxidised and the contents of the con- 
verter consist of cuprous sulphide and slag. 
The converter is now turned over and the slag 
run off into ladles and returned for re-treatment 
in matte furnaces for the recovery of the copper 
it contains. After pouring off the slag, the 
converter is again turned into the blowing 
position when the second stage of the oxidation 
is commenced. The passage of the air through 
the molten cuprous sulphide brings about the 
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osiclation of a portion of that matrri&I to 
ctjproua oxide «hich immediately reacts with 
unaltered cuprous sulphide producing an 
equiTalent quantity of metallic copper m 
accordance with the reactions already giren. 
This action conlmues until all the cuproua 
sulphide has been decomposed and the contents 
of the converter consist of metallic copper, 
any small quantity of slag on the surface of 
the copper is skimmed off for retreatment. 
The metalhc copper is then poured by tilting 
the converter. As soon as the copper has been 
poured, the converter is ready to receive another 
charge and the operations are repeated. 

V’eiy large basic Imed conrertera arc now being 
used, and the first stage is often carried out by 
several separate additions of matte For 
example, 30 to 40 tons of matte may bo poured 
into the converter followed by 3 tons ofsilicious 
ore which may itself be cupriferoua The blast 
13 then turned on, for the first fen minutes a 
pressure of only 6 lb. is used, end after the 
matte and sihea have thoroughly intermingled, 
the blast pressure is increased to about 12 lb 
per sq m ^Vhen the sihea has been fluxed by 
the iron oxide the converter is turned down 
and the slag poured off A further charge of 
10 tons of matte and sufficient siticious ore 
19 now added and the blow resumed This 
removal of slag and additions of matte and 
silica are continued until sufficient white metal 
or cuprous sulphide has accumulated in the 
converter to be blown to metal m the usual 
way. I 

For normal converter pract.ce matte contain i 
ing 4(MS% copper is desired, but the con I 
version of Jow-grado matte containing 22%; 
Cu. 45% Fe. 24% S is described by II. R I 
PotU (Trans. Inst. Min. Met 1923-20, 38. 431) 
The charge per blow consists of 21 tons matte, 
4 tons IluX) and 3 tons copper precipitate from 
another process The charge is blown in a 
magnesite lined converter, a temperature of 
1,400° being maintained The blister copper 
obtained neighs about 5 tons per blow and 
about 22 tons of slag high in magnetic oxide, 
and containing 3 4% CUjS and 0 5% Cu^O are 
formed. 

3. RrriMva — The method of treatment to be 
adopted in this operation depends upon whether 
(a) tho copper is practically free front gold and 
silver and from excessive amounts of deleterious 
elements, or (&) the copper contains appreciable i 
quantities of gold and silver or contains undue | 
quantities of deleterious dements 

If the metallic copper produced by the 
operations described under (1) and (2) comes 
under the description (a) above, it can bo 
refined by furnace treatment only; if it comes 
under (!■) it must he refined electrolytirally 
in order to recover the gold and silver or to 
obtain it free from the impurities, and tho 
electrodes of purified copper are then treated in a 
refining furnace. 

Under (a) the furnace employed is of the 
reverberatory type, and the removal of the 
impurities is effected by slowly melting the pgs 
of copper under higfily oxidising conditions 
and maintaining this condition until Iho 
impurities are oxidised and removed, either hy 


volatilisation or by passing as oxides into the 
copper Silicate slag formed. The oxidation of 
the impurities is facihtated by the fact that 
metalhc copper has the property of dissolving a 
small proportion of cuprous oxide, which com- 
pound IS brought into contact with the elements 
to be oxidised under very favourable conditions 
of fluidity. 

The oxidising condition of tho hath of molten 
I copper 13 maintained until the impurities are 
removed ss far as practicable, and the copper 
.contains a maximum quantity of dissolved 
I cuprous oxide In this condition a cast ingot 
.shows a depression on the surface and the 
I product is known as “ under-poled ” or “ dry ” 
.copper After removal of the slag the next 
I stage consists in reducing the greater portion 
of the dissolved cuprous oxide by coveting the 
surface with carbon and depressing poles of 
green wood below the surface of the metal, 
when considerable agitation takes place, and the 
cuprous oxide is sub3ccted to tho reducing action 
of the gases given off by the pole This process 
19 continued until only a small quantity of 
cuprous oxide remains and tho copper attains 
the physical condition known as “ tough pitch," 
when it is ladled out into moulds of any requir^ 
shape or run out into a large ladle end thence 
mto mould' In this condition the ingots have 
a (airly fiat surface If the poling be carried ou 
too long, so that the whole of the oxide present 
IS reduc^, the mguts show a cixing along the 
centre of the top and the metal is known as 
•* over poled ” 

The largest refinery plant in tbis country is 
at Prescot, where copper u refined for British 
Insulated Cables, Ltd, from blister copper 
imported from Roan Antelope Copper Mines, 
Ltd. The reverberatory fumvecs u«ed are 
33 ft long, 13 ft wide (hearth size] and of 100 
tons capacity, pulverised coal being used as 
fuel. Wasto heat boilete are pheed at the 
exhaust end and reduce the teiuperatiirc of 
the waste gases to 200°. Fuel consumption 
for refining and eteum raising amounts to 14% 
of the metal cast, as compared with 60% for 
refining onlv, m the smaller fiimaies (Mining 
J. ID38. 201, 452) 

Under (6) the copper is refined clectrtilyticall/. 
This process depends for its operation upon the 
fact that if (in electric current is caused to 
pa<is through a solution of copper sulphate, 
the copper in tho solution is dcjio'^ited nt tho 
cathodo while acid is set free at the anode. 
If the anode is composed of metallic copper, 
then tho acid set free at its surface imiiicdiately 
dissolves an equivalent portion of copper which 
passes into solution and is, m turn, dciKisited 
at tho cathode, and the proccav thus becomes 
continuous so long as tho current passes and 
there IS copper at the anode to he dissolved. 
Assuming that the copper sulphate solution is 
properly made up and maintained, and the 
voltage and current are suitably adjusted, 
then only copper will be depOBited at the cathode, 
while the gold and silver and all tho impuritits 
I contamcil in tho copper anodes will either 
remain as insoluble slime collected at the 
I bottom of the vessel in which tho operation »» 
conducted or will pass into tho electrolyte. 
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Gold, silver, and lead pass entirely into the 
slime; other elements, such as iron, zinc, and 
nickel, pass wholly into the solution, and others 
are to be found partly in the slime and partly 
in the electrolyte. The cathode surface to 
start with is a very thin sheet of electro- 
deposited copper, and when sufficient copper has 
been deposited on its surface it is removed 
from the bath and is melted down in reverbera- 
tory or other furnaces. The copper to be 
refined is cast into anode plates about 36 in. 
square and 2 to 3 in. thick, and a number of 
these are hung in a lead-lined wooden tank 
and are suitably connected to the positive 
pole of the electric supply. Alternating with 
these anode plates are hung the cathode sheets 
connected with the negative pole. There are 
two methods of connecting up, viz. “ in series,” 
in which the anodes and cathodes are connected 
in pairs, and “ in parallel,” in which all the 
cathodes are connected with the positive pole 
of the circuit and all the anodes with the 
negative pole. The parallel system is now 
generally used. There has been a tendency 
towards more acid electrolytes than formerly, 
180-220 g. of free sulphuric acid with 35-43 g. 
of copper per litre being quite common practice. 
The current density used varies from 1-45 to 
3 amp./dm.^ The influences of temperature 
and composition of the electrolyte on the resist- 
ance and on the anodic and cathodic polarisa- 
tion have been determined by E. W. Rouse 
and P. K. Aubel (Trans. Electroohem. Soc. 
1927, 52, 189). The results show that there is 
a decided drop in the cell voltage with rise in 
temperature and with increase in acidity. The 
addition of glue raises the cathodic polarisation, 
10 mg. per litre raising the total cell voltage by 
60%. The electrolyte is caused to circulate 
and after it has been used for some time, a 
certain proportion must be removed regularly 
for purification. A quantity of anode copper 
remains undissolved, and when the tank is to be 
cleaned, this is taken out for remelting and 
casting into new anodes ; the solution is run 
off and the slime is removed. This latter is 
washed and dried, any large particles of copper 
are removed by sieving, and the fine slime is 
then treated for the recovery of any gold and 
silver it may contain. 

Wet Methods. — ^With certain ores and 
residues and under certain conditions, wet 
methods of extracting copper may be more 
suitable than smelting methods, and extensive 
plant are in operation in which new methods 
or modifications of the old methods are used. 

The wet extraction of copper consists of leach- 
ing the ore with a suitable solvent either in the 
natural condition or after roasting and in a 
suitable state of sub-division, in heaps or in 
vats fitted with false bottoms and precipitating 
the copper from the solution by various methods. 
Wet processes are specially suitable for the 
treatment of low-grade oxidised ore and for 
oxidised tailings, but have also been successfully 
applied to the treatment of material containing 
the copper as sulphide. 

At Rio 3?into the massive cupriferous pjTites 
are treated as mined ; large heaps of the mineral 
are allowed to oxidise slowly under the action of 


air and moistime and the copper sulphate thus 
formed is washed out and the copper precipi- 
tated on metallic iron. 

In some cases dilute sulphuric acid leaching 
with subsequent precipitation of the copper on 
iron or by electrolysis is followed but for this 
to be successful the copper minerals must be 
readily soluble in the acid and the gangue 
minerals must be insoluble. When carbonates 
of lime and magnesia are present sulphuric acid 
leaching cannot be used. When sulphurio 
acid leaching is used followed by electrolytic 
deposition of the copper the regeneration of 
the sulphuric acid yields a solvent suitable for 
further leaching operations. 

Dilute solutions of ammonia associated with 
ammonium salts have been used as leaching 
liquors, as oxide of copper is soluble in such 
solutions forming copper ammonium compounds, 
and solutions of cupric ammonium compounds 
are capable of dissolving metallic copper, 
yielding cuprous ammonium compounds which 
are oxidised to cupric compounds hy air or other 
oxidising agents. On distillation the copper 
ammonium solutions yield ammonia which can 
be used again and copper oxide which is 
reduced to metaUic copper in reverberatory 
furnaces. 

The method has been used at the Bwana 
M'Kubwa mine in N. Rhodesia, where the 
crushed ore is heated to 360° in a gas-fired , 
rotary tube furnace, the product being passed 
to a closed ehamber where it meets a current of 
producer gas which reduces the copper com- 
pounds to cuprous oxide and metallic copper. 
The material thus prepared is leached with 
cupric ammonium carbonate solution. Copper 
and ammonia are recovered from the liquors by 
boiling. Melting down of the copper precipitate 
thus obtained jdelds a marketable product 
containing about 99-88% Cu. 

In the Neil process (Eng. and kCn. J. 1908, 
85, 556) solutions of sulphur dioxide have been 
used for the extraction of copper from oxidised 
or roasted sulphide- ores. The ground material 
is treated in revolving barrels with water, and 
sulphur dioxide is passed through the mixture 
via one of the trunnions. The solution thus 
obtained is heated with steam, when about 65% 
of the copper in solution is precipitated as cupro- 
cupric sulphite and the remaining copper is 
precipitated on iron. 

The Longmaid and Henderson process has 
been largely used for the treatment of the 
residues from the pyrites burnt for the manu- 
facture of sulphuric acid. The residue consists 
of ferric oxide and is known as burnt pyrites or 
blue billy, and may contain up to 3% copper. 
The process consists in mixing this material 
with about 12% salt and re-calcining, during 
which process the copper is converted into 
soluble cupric chloride ; this compound is 
obtained in solution by lixiviation with water 
and the copper is precipitated on iron. Any 
silver present in the pyrites is also obtained 
in the brine solution and may be recovered 
by the Claudet process. 

The original Hunt and Douglas process 
consisted in heating ores containing carbonates 
or oxides of copper and roasting ores containing 
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eulphlcle of copper, as for its success it wts 
necessary for the metal to be present as cnpric 
oxide. The ore was then treated with a eolation 
of sodium or calcium chloride together with 
ferrous sulphate, which yielded ferrous chloride 
solution by means of which cupric oxide was 
converted into cupric and cuprous chlorides, 
both of which are soluble m strong solutions of 
chlorides i 

3Cu0+2FeCI,=2CuCI+CuCI*+Fe,O, 
The solution thus obtained was passed over 
metallic iron for the precipitation of the copper 
and regeneration of ferrous chlonde. The 
difficulties met with in this process were 
connected with the tendency to the formation 
of basic copper salts, the difficulty of separating 
the solution from the residue and the impossi- 
bility of recovering any silver present. 

An improved process consists m dissolving the 
copper oxide by leaching with sulphwnc acid, 
adding ferrous or calcium chlonde to the 
solution to convert tho copper sulphate into 
chlonde, and then passing sulphur dioxide to 
precipitate tho copper as cuprous chloride : 
CuCI,+CuS04+S0,+ 2H,0 

-=2CuCI-f-2H,S04 

The cuprous chloride is separated for further 
treatment, the sulphur dioxide in solution is 
elinunaiod bv blowing in hot air, and the 
residual sulphuric acid is avadable for the 
treatment of further quantities of ore. 

The Canadian HydrometaUurgicalXAboratory 
has appLed the feme chlonde Teaching process 
to high grade iron-copper sulphide concentrates 
which have been reduced to mono sulphides 
by heating in a neutral atmosphere to 600- 
700”. FKcipitation of the copper from the 
leach liquors is effected by means of electrolytic 
Iron prMuced m a later stage of the process 
The ferrous chlonde solution thus obtamed is 
purified by means of ferrous sulphide, then 
electrolysed for production of electrolytic iron 
and the feme chlonde re-formed is returned to 
the leaching tanks (Canada Dept, hlines. Ore 
Invest. 1927, 138). 

W. O. Murray (Chem. Eng Min. Rev. 1929, 
22, 52) has shown that ferrous sulphate solution 
in the presence of sir dissolves copper fairly 
readily from malachite ores but has Lttle action 
on ehrysocoUa or cupnte. In the absence of 
air no copper is dissolved from malachite, 
showing that tho solvent action is due to the 
oxidation of ferrous to ferric sulphate and 
subsequent hydrolysis of the latter. 

The factors which govern the removal of 
soluble copper in the leaching of copper ore 
have been reported upon by J. D. Sullivan and 
A. J. Sweet (D.S. Bur. Mines, Tech. Paper 453, 
1929), who recommend that leaching should 
be carried out at mght, as the colder aolntions 
then penetrate more rapidly into the psrtides of 
ore. Washing, on the other hand, should be 
carried out in tho daytime, sa the higbn 
temperatares then niLng favour diffusion 
outwards of the copper salts. M. Ooggenheua 
and J. D. Sullivan {>did. Tech. Paper 472, 1830) 
show that alternate wetting and drying effect 
more rapid removal of the copper than doea 


flood washing, as tho intermediate drying 
periods tend to bring the copper salts to the 
stirfaceof the particles very quickly, thus facilita- 
ting subsequent removal by washing. 

I’bopeeties. — Copper is the only red metal, 
Ua properties are appreciably infiueuced by the 
presence of other elements in the metal, and the 
following types of copper are those chiefly used 
in the industries : 

ConJMfntiy (“/f£7”) Cc^per.— This is 
copper of high pucity usually containing 09 9% 
or more of copper. It is used for electncal 
purposes and where high thermal conductivity 
IS specially important. 

Rest Sfieei (“RS”) Copper.— This is refined 
copper containing small quantities of various 
impurities usually sufficient to prevent it from 
quite conforming to the conductivity standard 
for HC copper. It is suitable for a wide 
range of applications. 

Araenual Copper. — This is copper containing 
up to about 0 5% arsenic Its conductivity is 
lower than that of HC copper. For certain 
reasons dealt with later, arsenical copper is 
widely used for engineenng and general purposes. 

The above types of copper usually contain a 
small quantity of oxygen and are then known 
as tough-pitch HC, BS, or arsenical copper. 
For certain purposes, as for welding and pipe 
manufacture, copper free from oxygen is most 
suitable end there is available ‘^deoTidued” 
or “ oxygen free ” copper of the various grades. 
In general, the mechantc&l properties of the 
above ty^ of copper are not greatly different 
(Copper Data, Copper Devel Assoe. No. 12, 
1935). 

Copper possesses the properties of malleahiLty 
and ducliuty to a very high degree, ao that it 
can be rolled into thin sheets and drawn mto 
fine wire. As a result of cold work the metal 
becomes harder and eventually brittle, hut its 
malleabiLty and ductility aro regained by an 
annealing operation, and after this it is im- 
material whether the metal be slowly cooled or 
quenched in water. For practical purposes a 
temperature of about 200” is considered the 
minimum for annealing pure commercial copper 
though the presence of small quantities of cer- 
tain elements, such as silver, nickel or arsenic, 
necessitates raising the temperature con- 
siderably. Annealing at 200” is very slow in its 
effects, and in practice it is more general to anneal 
for a short time at a temperature of 509-800”, 
Too prolonged a heating or tho use of too high a 
temperature is to be avoided. For pure com- 
mcrcml copper the tensile strength varies 
between 10 and 11 tons per eq. in. os cast, 
between 20 and 28 tons after cold working, 
and between 14 and 15 tons on anneahng after 
work. The elongation varies between 25 and 
30% on 2 in in the cast state, between 5 
and 20% after cold working, and between 50 and 
60% on annealing. The Bnnell hardness 
number likewise vanes between 40 and 45 
m the cost state, between 80 and 100 after 
cold working, and between 45 and 55 after 
annealing. Its sp gr. after working and anneal- 
ing is 8 93, but that of commercial copiier 
ttsaally ranges from 8 2 to 8 8, the lower figure* 
being due to porosity. Its m.p. is 1083®, and 
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when melted in the air it is rapidly oxidised 
with the formation of cuprous oxide which 
dissolves in the metal reducing its freezing- 
point to 1,065°, at which temperature the 
copper-cuprous oxide eutectic solidifies con- 
taining 3-5% cuprous oxide. The metal boils 
at 2,325°. Copper crystallises in the cubic 
system; well-formed octahedral crystals are 
found in nature and are sometimes formed 
during electrolysis. The electrical conductivity 
of copper is very high and is taken as a relative 
standard of 100; it compares very favourably 
with other metals in this respect, being second 
only to silver with a relative conductivity of 
106 and is followed in the scale by gold with a 
relative conductivity of 72. The electrical 
resistivity of copper is 1-7241 microhms per 
cm.^ at 20°. These resistance and conductivity 
values apply only to copper after it has been 
worked and annealed; bars as cast may have a 
conductivity of 95 and upwards, but complex 
castings may be as low 'as 80. The electrical 
resistance of copper, as of aU metals, varies with 
the temperature and this variation is sufiScient 
to cause the conductivity of HC copper to fall 
to about 76% of its value at 20°, when the tem- 
perature is raised to 100°. The conductivity of 
copper as of all pure metals is largely affected 
by the addition of other elements ; phosphorus, 
sUicon, iron, arsenic or beryllium when present 
in quantities less than 1% reduce its conductivity 
from 100 to 30. The presence of small quantities 
of silver and cadmium has little effect and 
that of oxygen in the amounts present in 
commercial coppers is negligible. The thermal 
conductivity of copper is also high, this metal 
as 100 being only second to silver at 108, 
and is followed by gold at 76. The thermal 
conductivity of HC copper is 0-92 g. cals, per 
cm./cm./second/degree C. at 20°. The specific 
heat at normal temperatures is 0-092 cals, per 
g. per degree, but with increase of temperature it 
rises, the value at 200° being 0-098 cals. The 
coefficient of thermal expansion is 16-6xl0~® 
per degree. Dry air has no action on copper 
at normal temperatures, but under ordinary 
atmospheric conditions the metal becomes 
slowly tarnished with an oxidised film which 
changes in time to a mixture containing sul- 
phate and carbonate (v. Co-ordination com- 
pounds, this vol., p. 336). This mixed salt 
deposit is normally green and forms the well- 
known patina of copper, and it serves as a 
protection to the underlying copper. When 
heated in air a superficial film of oxide is formed 
^ which remains adherent and serves as a protec- 
tion against further attack up to a red heat, 
but at higher temperatures serious scaling 
results. Sulphur dioxide when dry either in 
the gaseous or liquid condition has no effect on 
copper. When the sulphur dioxide is in a moist, 
dilute state in contact -with the metal it forms a 
protective covering of basic sulphate. Carbon 
dioxide has no action on copper in the dry state. 
In the presence of moisture the action is veiy 
slow and the resulting product, as in the case 
of atmospheric action, forms a protective skin. 
Copper is rapidly attacked by chlorine, and 
ammonia also readily attacks the metal. 
Ordinary water supplies have no actionon copper. 
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as an oxidised superficial tarnish soon develops 
which acts as a protection to the underlying 
metal. Waters which are acid in reaction may 
prevent the formation of this protective film 
and slight dissolution of the copper may 
result. Nitric acid attacks copper -violently, 
very dilute hydrochloric acid has little effect, 
but the concentrated and moderately dilute 
acid attack the metal, the action being more 
rapid if the acid be hot. The presence of air 
is also an important factor in promoting the* 
action. Cold sulphuric acid has little action on 
copper, but the hot concentrated acid rapidly 
attacks the metal. Acetic acid has little action 
on copper, especially in the absence of oxygen, 
and the metal is used largely for stills, 
rectifiers, piping, receivers etc., for this acid. 
Lactic, tannic, formic, and other organic acids 
have little or no action on the metal. Copper 
is resistant to dilute solutions of the alkalis, 
soda, and potash, but not to the action of 
concentrated solutions. It is fairly resistant to 
the action of sea- water and of solutions of many 
salts, but should not be used in contact with 
inorganic salts which are oxidising agents, 
such as dichromates, persulphates, perchlorates 
or ferric chloride. Hydrocarbons, such as 
petroleum, benzene, etc., have no action, neither 
have the alcohols, esters, and many other 
organic materials. 

The effects of various impurities on the 
properties of pure copper have been investigated 
for the British Non-Ferrous Metals Research 
Association at the National Physical Laboratory, 
and the following is a summary of the results : 

Oxygen has a relatively small effect on the 
properties of pure copper, and is neither 
seriously deleterious nor remarkably beneficial. 
The mechanical properties are not much affected 
by small quantities and a metal containing 0-1% 
differs very slightly from pure copper. The 
electrical conductivity does not fall rapidly -with 
additions of oxygen, and values exceeding 
100% of the International Standard are 
obtained in annealed specimens containing less 
than 0-1%. ‘ The relatively small effect of oxygen 
is due to the fact that the solubility of cuprous 
oxide in copper is extremely low and may be 
considered as nil (Hanson, Manyat and Ford, 
J. Inst. Metals, 1923, 30, 197). 

Arsenic . — ^In the absence of other impurities, 
copper containing up to 1% arsenic is very 
difficult to cast and it is difficult to obtain 
sound castings. A slight amount of unsound- 
ness does not appear to have any harmful 
effect on the wortog properties of the metal, 
which is remarkably malleable and ductile, and 
can be worked hot or cold to almost any 
desired extent. It has been found possible by 
continuous cold-rolling to reduce cast ingots 
1^ in. in diameter containing up to 1% arsenic 
to thin strip only 0-004 in. thick. Even when 
the arsenic is over 7% the ingots were capable 
of withstanding a considerable amount of cold 
hammering without developing cracks. Mechani- 
cal tests show that arsenic has but a slight 
hardening effect on copper; as the arsenic 
content is raised from 0 to 1-04% the tensile 
strength of the annealed material rises only 
slightly, from 14 to 15 tons per sq. in. The 


352 


COPPER. 


Brinell hardness of annealed arsenical copper mnch as 10% antimony in aoLd solution, 
is practically unaffected by the arsenic up to Samples containing up to 0 47% can be hoU 
1%, but the hardness of cold-worked matenal rolled satisfactonty, but those containing 
increases with the arsenic content. The effect 0 85% are hot short and samples up to this 
of arsenic on the electrical conductivity of figure can be cold-roUed. The presence of quite 
copper is very great, it is much greater than the small amounts of antimony, e g. up to 0 22%. 
effect of oxygen and very distinctly greater has a remarkable effect on the tensile pro- 
tban that of iron. The effect is such that pertiea, an annealed rod containing this amount 
arsenic must be excluded as rigidly as posmbie giving 14 9 tons per sq. in. with 67% extension, 
from high conductivity copper. Arsenic appears while a hot/eold rolled specimen will give 
to reduce the crystal size in castings, but this 24 tons per sq. in. with 19% extension. Anti* 
effect is not appreciable in worked and annealed niony has no pronounced eflect on the tougb- 
matenal. The solubility of arsenic m sohd ness of copper and the fatigue properties are 
copper IS about 7-25% ; this solubibty changes improved by the addition of antimony up to 
very little with temperature (Hanson and 0 47% hot rolled. With this composition a 
Harryat, J. Inst. Metals, 1927, 37, 121). safe range of stress of ±7 8 tona/m.* was 

Arttme plus Oxygen — ^A senes of alloys con. obtained as compared with ±6 to 6 tons/m.* 
tainuig up to 2% arsenic and 0 1% oxygen has typicalofhigh-quahty copper. Antimony lowers 
been examined. The presence of a Uttle oxygen the etectneal conductivity of copper very 
greatly improves the casting properties of considerably but is approximstely only half os 
arsenical copper and no difficulty is experienced deletenous in this respect as arsenic (Arebbutt 
in obtaining sound castings with a relatively and Piytherch, J. Inst. Metals, 1931, 45, 
high density. Oxygen has a harmful effect on 265). 

the cold woiVing propetties of copper which is Anttmtmy plus Arsenic. — ^Within the limits 
reduced by the presence of arseruc. Arsenical studied 005-0 5% each of antimony and arseruc, 
copper is not suitable for severe cold-working and under 0 02% oxygen, copper can be hot- 
unless the arsenic concentration is at least 10 rolled without difficulty, so that arsenic assists 
times that of the oxygen. Copper containing the hot rolling of copper contaimng antimony, 
arseruc and oxygen can be rolled hot without The addition of antimony to arsenical copper 
difficulty. The mecharucal tests of roUed and improves its tensile strength both at ordinary 
annealed bara of good quality differ tittle from temperatures and at 250”. In annealed 
those of copper containing the same amount of containingO 49% antimony and 0 059% arsenic, 
arsemo without oxygen, provided that the 15 6 tons per sq is. was obtained at room 
matenal has not been daroaged by over roUing; temperature and 13 tons at 250” With cold- 
the tenaile strength rises sLghtly and the elonga- roUra stnp containing 0 5% antimony and 
tion falls slightly with increase of areenic 0 53% arsenic a tensile strength of 37 2 tons/m * 
content The electrical conductivity is prac with 2 3% extension was obtained The fatigue 
tieally identical with that of copper containing properties of copper conlaming 0 5% antimony 
the same amount of arsenic without oxygen and 0 5% arsenic are similar to tboso given 
(Hanson and Manyat, tfiid 1927, 37, 144). above for antimoiuol copper {idem , lind. 2tj2). 

Iron. — Solid copper will dissolve about 4% Pkoeph^rus. — In small quantities phosphorus 

iron at 1,080”, but the solubiLty decreases produces soundness in, and removes oxides from 
as the temperature falls. W'lthm the limits of copper. With 0 04% and more of phosphorus, 
solubility, the effect of iron is considerable, the densities of cast copper approach those of 
especially on the electncal resistance, which rolled bare. The bardnesa of cast ingots 
increases rapidly as the iron content is raised, increases with increasing phosphorus content. 
W'h.n the iron content exceeds about 0 2% Tbe limiting phosphorus content for hot 
the effect on the resistivity depends largely on working lies between 0 95 and 1'2%, whilst 
the heat-treatment of the metal The tensile the limiting content for cold-roUing is 0 79- 
fct.tec.gth.wr«ftedby2%iMa€TOm.l4 5to20toni 0 95%. BUoaphnna. cuma the tenacity ct 
per sq. in. Iron has no great embnttling effect rolled copper both at ordinary temperature and 
and copper containing iron can be roU^ with at 250” without marked decrease m ductility, 
ease. Iron is a deoxidiser for copper, but it Small amounts of phosphorus have a pro- 
creates difficulties during costing owing to the nouoced effect in raising the fatigue range of 
formation of films nluch destroy the eon- copper, and its toughness remains unimpaired 
tinuity of the metal (Hanson and Ford, J. Inst. The softening temperature of cold-rolled copper 
Metals, 1924,32,335). is raised by phosphorus which has a senoosly 

BismuM.-— The sohd solubibty of bismuth in detrimental effect on electrical conductivity, 
copper is less than 0 002%. Small quantities of The solubibty of phosphorus m solid copper 
bismuth adversely affect the rolling properties increases with nae of temperature from 0 5% 
of copper, particularly during hot-rolling. Tbe at 282” to 1 0% at 68^. A sLght age.bardenmg 
Lmitmg amount for hot rolling of bar appears effect occurs in copper containing phosphorus 
to be less than 0 01% and m all cold roUing when quenched from 690° and tempered at 
expenments the matenal fractured when more 400-450”, tbe maximum effect occurnng with 
than about 0-05% was present. For severe 0 95% phosphorus; the Bnnell hardness 
cold work bismuth should be excluded from of a quenched roUed stnp of this metal 
copper: for most other puiposea 0-005% may increases from 43 to 52, but no corresponding 
be warded as the maximum (Hanson and Ford, effect on tensile strength is obtained (Hanson, 
J. Inst- Metals, 1927, 37, 169). Archbutt, and Ford, J. Inst. Sletals, 1930, 

Aniimony. — Annealed copper will hold as 43, 41). 
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Detection and Estimation of copper, see 
CHEincAL Analysis, Vo). II, 5666, 580c, 586o, 
656c, 6716. 

Uses of Copper and its Alloys. — Copper 
and its alloys have very wide applications in 
engineering and industries generally, these 
applications being advantageous owing to the 
various speeial properties of the metal. In the 
first place they are possible owing to the ease of 
working of the metal ; it can be fabricated by 
cold-working, such as rolling, drawing, pressing, 
etc., by hot-working, such as pressing, extrusion, 
forging and stamping, and by machining; it 
can be joined by welding, brazing, or soldering. 

Its high electrical conductivity renders it 
suitable for cables for transmitting electricity, 
for windings of electrical machines and appara- 
tus, for electrodes and connections for welding 
machines and furnaces and for lightning conduc- 
tors and earthing systems. Its high thermal 
conductivity makes it suitable for radiators for 
cooling various liquids, for refrigerator tubes, 
cods and vessels, for radiators for heating 
purposes, etc., for locomotive fire boxes, 
chemical plant, stills, evaporators, etc. Its 
resistance to rusting and corrosion makes it 
suitable for various types of chemical plant, 
brewing plant, roofing, and tubing for water 
distribution, and some of its alloys for parts of 
marine machinery, propellers, pumps, etc. 

Various alloys in which copper is the chief 
constituent are largely employed for applica- 
tions requiring increased strength and other 
special properties. The most important of these 
alloys are the brasses or alloys of copper and 
zinc ; other important groups are the bronzes, 
or alloys of copper and tin, the aluminium 
bronzes or alloys of copper and aluminium (see 
Aluminium), and the copper-nickel alloys. 

Copper is also alloyed with certain metals to 
act as a hardener as in the case of standard 
silver and standard gold. 

Certain elements are added to metallic copper 
in order to improve its properties, and of these 
an important class is known as deoxidisers. 
Tough pitch copper generally contains from 
0’025 to 0-08% oxygen, and for making intricate 
castings, for welding, and for certain other 
purposes copper as low as possible in oxygen is 
desirable. The deoxidisers commonly used 
are phosphorus, silicon, lithium, magnesium, 
beryllium and calcium; these are added to the 
molten metal, when they combine with the 
oxygen and eliminate it, usually by slagging 
ofiF. To remove all the oxygen it is generally 
necessary to add a small excess of reagent 
which remains in the copper and may have an 
adverse effect on the electrical and thermal 
conductivity. 

Beryllium is not only used as a deoxidiser, 
but also as a definite alloying element, forming 
heat-treatable alloys of engineering importance. 
Copper containing 2-25% Be is known as 
beryllium bronze ; for its heat treatment it is 
first annealed by soaking at 800°, followed by 
quenching in water ; it is then hardened by a 
subsequent precipitation treatment by heating 
'for a controlled period at 250-300°. When 
heat-treated after cold working, tensile strengths 
of over 80 tons per sq. in. have been reported. A 
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considerable merit of this material is its high 
fatigue limit under corrosive conditions. 

Copper containing cadmium (approximately 
1%) is of importance on account of its combining 
high strength with conductivity. 

Arsenical copper containing 0-3 to 0-5% 
arsenic is of great importance and most copper 
products made in Great Britain other than 
electrical equipment are made from this 
material. Additions of up to 0-5% arsenic 
improve the tensile strength of annealed 
copper by somewhat less than 1 ton per sq. in., 
and only slightly increase its hardness value. 
In the cold-worked condition, however, the 
tensile strength is increased by 2 tons per sq. in. 
and the Brinell number is 15 higher. The 
chief effect of this addition of arsenic is to raise 
by 100° the temperature at which softening upon 
annealing first occiurs and to slightly increase 
the strength at elevated temperatures ; these 
two features have been responsible for the 
adoption of arsenical copper for a large number of 
applications such as locomotive fire-boxes, etc. 

Compounds of Copper. 

Oxides. — Six oxides of copper have been 
reported of which only two are of importance, 
namely cuprous oxide, CU2O, and cupric oxide, 
CuO. Cuprous quadrantoxide, Cu^O, has been 
considered as being formed by the addition of a 
solution of copper sulphate to a cooled dilute 
solution of stannous chloride in caustic potash. 
It is an olive-green powder which rapidly 
absorbs oxygen from the air. According to 
Moser, however, this product is really a mixture 
of cuprous oxide and metallic copper (Z. anorg. 
Chem. 1909, 64, 200). Copper trientoxide, 
CU3O, is stated to have been obtained as a hard, 
yellowish mass by heating cupric oxide to over 
1,500° (Bailey and Hopkins, J.C.S. 1890, 57, 
269). It is probably a solid solution of copper 
in cuprous oxide. Copper sesquioxide, Cu^Og, 
has been reported to have been formed by pass- 
ing chlorine into a strong solution of sodium 
hydroxide saturated with copper hydroxide 
(E. Muller, Z. anorg. Chem. 1907, 54, 417). 
This oxide is not known in the free state. 
Copper peroxide or dioxide, CUO2, is not 
known in the anhydrous form, but in the 
hydrated form, Cu02,H20, is obtained by 
allowing finely-divided cupric hydroxide to 
stand in concentrated hydrogen peroxide at 6° 
for several days, the mixture being frequently 
shaken. A yellowish-brown precipitate is 
formed which, after washing with water, alcohol, 
and ether, is dried in vacuo (G. Kriiss, Ber. 
1884, 17, 2593). 

Cuprous oxide, copper suboxide or hemioxide, 
red oxide of copper, CUjO, occurs native as 
cuprite or red copper ore. 

It may be prepared (1) by heating finely 
divided copper in air below a red heat ; (2) by 
gently heating a mixture of 5 parts cuprous 
chloride and 3 parts sodium carbonate in a 
covered crucible and separating the oxide by 
lixiviation; (3) by reduction of an alkaline 
solution of a copper salt by sugar or certain 
other organic bodies, as in Barreswil’s (Eehling’s) 
solution, (4) by heating in a covered crucible a 
mixture of 5 parts cupric oxide and 4 parts 



copper filiDgs ; (5) by the electrolysis of copper 
sulphate solutions under certain conditions; 
(6) by heating cupnc oxide in sulphur dioxide 
and treating the product vith water for remoral 
of sulphate: 3CuO-t-S02=CUj0+CuSO4 
(Hammick, J.C.S. 1917, 111, 384); <7J free 
from copper and cupnc oxide by the electrolysis 
of a slightly alkaline solution of sodium chloride 
with copper electrodes (E. Abel and 0. Redhch, 
Z. Elektroebem. 1928, 34. 323) 

Cuprous oxide is decomposed by most acids 
into a cupnc salt and metallic copper ; hydro- 
chloric acid, however, converts it into cuprous 
chloride. It fuses at 1,235^ and dissolves in 
molten copper rendering it bnttle or ** dry ” 
when present above a certain amount, but is a 
most important constituent in many brands of 
copper. It IS used in the manufacture of ruby 
glass and for the production of a red glaze on 
pottery, and, together with the black oxide, 
forme one of the copper paints used for painting 
ships' bottoms. 

Cuprous oxide has been found to adsorb about 
SO^o by weight of NOj, which may be removed 
at 65-70" by an inert solvent, such as CCl, 
(Partington, J.C.S 1924, 125, 72, 663) The 
oxide has remarkable rectifying and photo- 
electric properties which are extensively applied 
in new types of pbotoelectnc cells (r/. Duhme 
and Scho'ttky, Naturwiss 1930, 18, 735). 

Cuprous hj/drozide, hydraUd cuprous oxide, 
CujO.zHjO — A yellow form of cuprous oxide 
18 obtained by the action of alkali on coproua 
chloride or by the reduction of a cupnc adt by 
means of hydroxylamine in presence of alkali. 
It can also be prepared electrolytically, using an 
alkah aulphate as the electrolyte and an anode 
of pure copper. It may also be formed by the 
reduction of Barreswul's (Fehling's) solution in 
the presence of a deficit of tartrate. The yellow 
precipitate thus formed ts not a defirute hydrate 
but IS a colloidal form of the oxide with an 
indefimte amount of water (Grdger, Z aoorg 
Chem. 1901, 28, 154 , 1902, 31, 320). It 
quickly changes to an orange or brick red colour 
and can then be dried unchanged. At 300" 
it rctaina only 3%, and at a ted heat it loses 
this water and changes into the red crystallino 
oxide. The yellow oxide is a poaerful reduang 
agent, especially in ammoniacal solution. This 
solution, which is colourless, immediately 
becomes blue on exposure to the atmosphere and 
thus forms a deLcate test for oxygen. 

Cupnc oxide, copper monoxide, black oxide of 
copper, CuO, occurs as tenorite or melacooite, 
especially at Lake Supenor. 

Cupnc oxide may be prepared by heating 
the nitrate or carbonate to dull redness or the 
sulphate to a high temperature. It may also be 
obtained by heating finely divided copper or 
cuprous oxide in air or oxygen, pure oxygen 
acts more slowly than air owing to the pro- 
tective nature of the film of oxide first formed. 
The oxide used for organic analyses, (but not 
for N estimation) may^ prepared by moistening 
copper scale, the mixture of cuprous and 
cupnc oxides, with nitric acid and igniting. A 
mixture of copper filings with twice iW weight 
of nitric acid may be exposed to the atmo 
sphere until all the copper u convert!^ into 


basic nitrate and this igmted. E. llfUler 
prepared cuprio oxide by the electrolysis of 
sodium hydroxide for a long time with a copper 
cathode either at 12" with stirring or at 60" 
without Btimng (Z. Elektroebem. 1903, 9, 313). 

Cupnc oxide is a black powder which agglo- 
merates whenheatedandfusesat 1,004" forming 
cuprous oxide. It is sLghtly hygroscopic, 
especially when in powder form. When heated 
with organic substances or certain gases it is 
reduced to metal. The metal produced by 
reduction in hydrogen always contains that gas, 
but if the oxide be reduced m formic acid vapour, 
the metal is free from hydrogen and is suitable 
foroiganie analysis (IVeyl, Ber. 1882, 15, 1138). 
It dissolves m acids with the formation of cupnc 
salts. It is soluble to some extent m oils, etc., 
and it u for this reason that copper cooking 
vesseb require constant cleaning. 

Cupnc oxide is used in ultimate organic 
analysis, to make green and blue glass and 
glazes and to some extent as a pigment. It 
baa also been used as one electrode of a galvanic 
cell (Lalande and Chaperon, Compt. rend, 
1883. OT. 164). 

A colloidal form of the oxide has been 
obtained by Paal and Leuze (Ber 1906, 39, 
1545), which gives blue-violet solutions, and 
when djy retains its solubility indefinitely 

Cupnc hydroxide, CuOiH^O, may bo pre- 
pared by precipitating a solution of a cupnc 
salt by tbe addition of alkali and washing 
rapidly. The hydroxide, which u blue, i« liable 
to turn black during washing owing to the 
formation of cupnc oxide, and when heated 
with water always turns black It may be 
obtamed by paseing an elcctnc current through a 
well Btirred solution of potassium nitrate, using 
a copper plate as anode and one of platinum as 
cathode (Lorenz, Z. anorg. Chem. 1896, 12, 436) 

Tbe hydroxide has been used as a blue pigment 
by paper etamers but becomes green on exposure 
to the atmosphere. It corresponds closely with 
certam highly basic carbonates sold as terdiUrs 

An aqueous solution of sodium hydroxide of 
spgr. 1-345-I-370 or of potassium hydroxide 
of sp gr. 1 453-l'498, will dissolve 0 78 g of 
cupric hydroxide in 100 c.c., giving a bright 
blue solution which yields no precipitate when 
boiled. If a more dilute alkali solution bo used 
the product is not stable when further diluted 
and subsequently boiled (E. Justm-Muellcr, 
Compt. rend. 1918, 167, 779). 

Cuprammonium solutions are obtained by 
digesting freshly precipitated cupnc hydroxide 
in ammonia solution, end II. M. Dawson and 
J. McCrae (J.C.S. 1900, 77, 1257) believe that a 
compound CuO.ZNH, or Cu(OH)j.2NH, is 
formed which ionises forming Cu2NH| 
and OH' ions, thus : 

Cu(OH)»+2NH, Cu2NHj-)-20H' 

W. BonsdorfT has also examined the elcctncsl 
conductivity of solutions of cupnc hydroxide in 
ammonia solution and has confirmed the 
formation of Cu(OH),.2NH| when only a 
email excess of ammonia is present, but of 
Cu{OH) 2.4NH) with a large excess of ammonia 
(Z. anon;. Chem. 19(M, 41, 184). A blue 
solution IS obtained by exposing the colourless 
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solution of cuprous hydroxide in ammonia to 
the atmosphere, and cuprammonium solutions 
are prepared on a large scale by the joint action 
of oxygen and ammonia on copper filings at a 
temperature near 0°. 

A saturated solution of freshly precipitated 
and washed cupric hydroxide in concentrated 
ammonia is known as “ Sohweizer’s reagent ” or 
cuprammonium, it has the property of dissolving 
cellulose (cotton wool, hnen, filter paper, etc.), 
with the formation of a viscid liquid which has 
been used for the preparation of “ Willesden 
papers ” and for the production of “ artificial 
silk ” on a large scale. A. Froment patented 
the use of strong ammonia saturated with 
nitrogen which is claimed to dissolve cupric 
oxide more readily than when free nitrogen is 
absent (6.P. 139714, 1900), and A. Lecoeur 
recommends the removal of the nitrites and other 
crystallisable compounds from the solution 
by dialysis (P.P. 362986, 1906). The addition 
of 1-2% of polyhydric alcohols, carbohydrates, 
gum, etc., to cuprammonium solutions increases 
their stability and prevents the deposition of 
cupric hydroxide (Friedrich, B.P. 4104, 1909), 
and the presence of such substances facilitates 
the manufacture of the solution. Chattaway 
has sho\vn (Proo. Roy. Soc. 1908, 80A, 88) 
that by the reduction of a cuprammonium 
solution with phenyl hydrazine, copper mirrors 
can be deposited on glass. 

Sulphides . — Cuprous sulphide, CUjS, occurs 
as chalcocite or copper glance. It may be 
prepared by heating copper to redness in 
sulphur vapour or by heating a mixture of copper 
and sulphur. It is also formed as a result of the 
reaction between metaUio copper and certain 
sulphides, e.g. aluminium, magnesium, cadmium, 
etc., and E. Schiitz has found that copper forms 
sulphide with 85% of the sulphur in ferrous 
sulphide when the two are heated together to 
1,195° (Metallurgie, 1907, 4, 663). It melts at 
1,130° and the sp.gr. of the artificial product is 
5-80. It is dimorphous and has a transition 
temperature at 91°. 

Cupric Sulphide, CuS, occurs as covellile or 
indigo-copper, sp.gr. 4-60. It may be prepared 
by heating cuprous sulphide with sulphur at a 
temperature below the boiling-point of sulphur ; 
by digesting cuprous sulphide with cold strong 
nitric acid or by precipitating a copper solution 
with hydrogen sulphide. On the large scale it is 
obtained as a paste by precipitating a solution of 
the sulphate with sodium sulphide, and this 
paste has been used in calico printing for the 
development of aniline black. 

Several polysulphides of copper have been 
reported. 

Cuprous Phosphide, CugP, is formed by 
the interaction of copper and phosphorus, and is 
present in the alloy known as phosphor-copper, 
vhich contains from 9-15% phosphorus, .^oys 
containing more than this amount of phosphorus 
have to be prepared in closed vessels owing to 
the volatility of the phosphorus. They are 
largelj' used for the deoxidation of metallic 
copper and in the manufacture of phosphor- 
bronze. The compound CUjP melts at 1,022°, 
and forms a eutectic with metallic copper which 
contains 8-2% phosphorus and melts at 707°. 


Cupric Phosphide, CU3P2, is formed when 
phosphine is passed over cupric chloride or 
when phosphorus is boiled with a cupric salt. 
When heated in hydrogen it forms cuprous 
phosphide. 

Copper Arsenides. — Copper and arsenic 
combine together to form several arsenides, some 
of which are found to occur as minerals. When 
copper and arsenic are heated together cupric 
arsenide, CU3AS, is formed which freezes at 
830°. At 710° there is evidence of the formation 
of an unstable compound, CUjASj, with 
32-1% arsenic (K. Friedrich, Metallurgie, 1908, 
5. 529). 

Copper suicide, known as cuprosilicon, 
Cu^Si, is obtained when copper and silicon are 
heated together in an electric furnace (Vigouroux 
Compt. rend. 1896, 122, 318; Lebeau, ibid. 
1906, 142, 154). It can be prepared pure by 
heating together 17 parts silicon and 9 parts 
copper in hydrogen and removing the excess 
silicon by means of sodium carbonate solution. 
It is silver white with a metallic lustre and 
is hard and brittle. Its sp.gr. is 7-58 and it is 
attacked by chlorine and aqua regia. It is 
used for deoxidising and hardening copper and 
certain of its alloys (a. Philips, Metallurgie, 1907, 
4, 587). 

Copper Silicates are formed when oxides of 
copper and silica are fused together. Silicates 
are found in the various slags obtained during 
the smelting of copper ores, and especially in 
those produced in the converters and during the 
fire-refining of copper. The copper in these 
slags is readily reduced to metal hy carbon in 
the presence of iron oxide with the formation of 
the corresponding iron silicate, it is also reduced 
by heating with metallic iron and is converted 
into cuprous sulphide when heated with iron 
sulphide. As hydrated silicates copper occurs 
in two minerals, viz. dioptase or emerald 
copper, CuSiOjiHjO, and chrysocolla, 
CuSi 03 , 2 H 20 . 

Copper Carbonates. — The normal carbonate 
has not been prepared, but double salts of the 
normal cuprous and cupric carbonates with 
ammonium and other carbonates have been 
described. 

Some twelve basic carbonates, varying^ in the 
ratios of CuO : COj : HgO have been reported, 
several of which occur as minerals, the besi, 
known of which aremalachite, CuC03,Cu (OH)j, 
and az«n7«, 2 CliC 03 ,Cu( 0H)2; when ground, 
these minerals form valuable green and blue pig- 
ments. The products obtained by the addition 
of sodium carbonate or other soluble carbonates 
to solutions of copper sulphate or nitrate are 
invariably basic, the degree of basicity depending 
on the conditions of precipitation. These basic 
carbonates are known as Soda Bordeaux and 
are largely used as a fungicide. S. U. Pickering 
(J.C.S. 1909, 95, 1410) states that the ordinary 
carbonate of commerce approximates to 
2 Cu 0,C02,H20, the formula for malachite, 
which contains 71-94% CuO, hut H. B. Dunni- 
cliff and _S. Lai (J.C.S. 1918, 113, 718) found 
on examination of thirteen samples of com- 
mercial carbonate that the amount of CuO 
varied from 66-16 to 78-60%, and considered 
that the product generally approximated 
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to the formula of azunte ; and by treatment 
of a solution of copper sulphate nith a mixture 
of sodium carbonate and sodium bicarbonate 
they obtained a product of fairly constant com- 
position corresponding to 

2CuCOj,5Cu(OH),. 

Many methods have been used for tbe pre- 
paration of the basic carbonates of commerce, 
such as the conversion of scrap copper 
into basic chloride by the action of sodium 
chlonde and sulphuric acid, and treatment of a 
mixture of this basic chlonde and copper sulphate 
vith soda solution, or by agitation of a solution 
of copper mtrato with chalk, the pasty pre- 
cipitate obtained is washed and mixed with 
S-10?o of freshly burnt lime with the production 
of a fine blue pigment {urdiltr) , the precipitate 
without the addition of hme is green. 

Salts. — Tno senes of copper salts are known, 
cuprous and euprxc. The former are mostly 
insoluble in water and are of little commercial 
importance They act as powerful reducmg 
agents and readily pass into the cupnc con 
dition. Cupncsaltsare moatlysolubleandareof ^ 
wide apphcation. 

Cuprous Salts. — Cuprous chtonde, CuCI. 
may be nrepared by boiling cupnc chlonde with 
bydracblonc acid and copper tummgs. On tbe 
addition of water it is precipitated as while 
crystals Cuprous chlonde melts at about 420* 
into a yellow transparent mass. Tbe dry 
crystals become jellowiah on exposure to bght 
if moist they acquire a dirty violet tinge. 

Cuprous chlonde combines with ammonia to 
form three compounds, 2CuCI,NH,, 
2CuCI,3NH}. CuCI,3NH.. Cuprous bromide 
and iodide form compounds analogous to tbe 
last two (Lloyd, J. Pbyi. Chem. 1006, 12, 308 , 
tf. W. Blit* and W. StoUenwerk, Z. anoig. 
Chem. 1021, 119. 07). 

Tbe hydrochloric acid solution of cuprous 
chloride, when exposed to air, absorbs oxygen 
and acquires a brown colour, subsequently 
depositing a pale blmsh-green msoluble copper 
oxychlonde, CuCI|,3Cu(OH),, similar to tbe 
mineral aiaeamtU. An identical substance, 
known as Brvntmck grttn, is prepared by boiling 
a soibtion o/ cupper vtth a irarjiV| 

quantity of bleaching powder solution, or by 
exposing freely to air copper turnings moistened 
with hydrochloric acid. I 

The use of the oxychlonde m preference toj 
the sulphate for destroying mould on vines, j 
etc , is recommended by Deletrez (J S C.I. | 
1909. 28,438). 200-250 g. per 100 litres of water 
are employed. 

When a hydrochloric acid solution of cuprous 
chlonde and potassium chlonde, is treated 
with acetylene, a yellowish precipitate, I 
C,H,[{Cu,CI»)i.KCl],, IS formed. Other com- 1 
pounds containing cuprous oxide or potassium | 
chloride can be obtained by varymg the con- 
ditions (Chavastelon, Compt. rend. 1901, 132, 
1489). Acetylene reacts with solutions of 
cuprous chlonde in ammonia to form a blood red 
precipitate of cuprous aectyhde which on 
dehvdration has the formula Cu,C, and is 
highly explo»jre (Scheiber, Ber. 1908, 41, 3818) 


Its decomposition by means of acids has been 
used as a method of prepanng pure acetylene. 

Cuprous chlonde in a hydrochloric acid or 
ammoniacal solution absorbs carbon monoxide 
forming an unstable compound (Jones, Amer. 
Chem Z. 1899, 22, 287) uhich under certain 
conditions corresponds to CuCI,CO,2H,0 
(Berthelot, Ann. Chim. Phys 1901, [vii],23,32). 

Cuprous Bromide, CuBr, is obtained by the 
umon of its elements or by boiling a solution of 
cupnc bromide with copper, and forms a 
colourless crystalline mass. 

Cuprous Iodide, Cu I, is tbe only known iodide 
of copper, and is found in tbe mineral maraKite 
(Broken HiU, Australia). It is obtained as a 
white precipitate by adding potassium iodide 
to a solutionof copper sulphate, in this way half 
the iodine is combmed in the precipitate 
and half is liberated as free iodine ; in the 
presence of ferrous sulphate or sulphurous acid, 
the whole of the iodine is precipitated as 
cuprous iodide The fused salt has a sp gr. of 
6 653 at 15“ (Sprmg, Rec trav. chira. 1001, 20. 
79), It melts without decomposition at C28“ 
and IS practically insoluble m water. 

Cuprous Fluoride, CuF, is prepared by the 
action of hydrogen fluonde on heated cuprous 
chlonde , the action is complete only when the 
temperature is between 1,100“ and ].2(X)“. 
It IS also formed by tbe action of hydrogen 
fluoride on cupnc fluonde, first heated to 600“, 
and finally raised to 1,100-1,200“ Cuprous 
fluonde forms a rod ciystalline mass which 
melts at 908“ It is stable in dry air, but is 
converted into cupnc fluoride in moist air, at 
the same time acquiring a blue colour 

Cuprous Sulphile, Clj,SOj,H,0, is obtained 
by passing sulphur dioxide into a hot solution of 
cuprous acetate in acetio acid. It forms double 
aalls with the alkab sulphites. Cupro cupnc 
aulpbite, Cuj50,,CuS0},2Hj0, is a red 
mictocrystalhne powder. 

Cuprous Sulphate, CUfSO,. is obtamed by tbe 
action of dry dimethyl sulphate on dry, powdered 
cuprous oxide (Beconra, Compt. rend. 1009, 
148, 1I03). A compound of cuprous sulphate 
and carbon monoxide, CUtSO^.iZCO.HjO, has 
been obtained by Joannis (i&td. 1807, 125, 
945VI P/dhan), by adAttg b^ilrnxylaravne 
sulphate to ammoniacal cupnc carbonate, has 
madeammonio cuprous sulphate CU}SO|,4NHj 
(ibid 1903.136,604). 

Cuprous Ct/anide, CuCN, is obtained by 
adding potassium cyanide to a solution of copper 
sulphate, a red precipitate of cupric cyanide is 
first formed and on boiling cyanogen gas is given 
off and the white cuprous cyanide is precipitateil. 
Cuprous cyanide forms a number of double 
cyanides (Grossmann and von dcr Forst, Z. 
anorg Chem. 1903, 43, 94). 

Cuprous Thiocyanate, CuCNS, is obtained as 
a whito precipitate when potassium thiocyanate 
is added to copper sulphate solution in tbe 
presence of a i^ucing agent such as sulphur 
dionde, ferrous sulphate, etc. This reaction is 
used in quantitative analysis. 

Cuprous Sxlrate v. Cupric nitrate. 

Cupric Salts. — Cupnc chloride, CuCI,, may 
be obtained as a fused liver colour^, anhydrous 
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mass by heating copper in excess of chlorine. 
In solution it may he prepared by dissolving the 
oxide in hydrochloric acid. It crystallises in 
grass-green prisms or needles containing 2 mols. 
of water which become pale-blue when dried in 
vacuo. The anhydrous salt is obtained on the 
gradual addition of concentrated sulphuric acid 
to a solution of the chloride (Viard, Compt. rend. 
1902, 135, 168). This anhydrous salt is very 
deliquescent and forms the salt containing 2 
mols. of water mentioned above. It is soluble 
in alcohol. When cupric chloride is exposed to 
the air an oxychloride is formed, and when a 
small quantity of potash is added to an aqueous 
solution the oxychloride, 2Cu0,CuCl2,4H20,is 
formed as a pale blue precipitate, this turns to a 
black anhydrous powder when heated, but again 
becomes green with absorption of 3 mols. of 
water when moistened. It is an intermediate 
product in the manufacture of verditer {v. 
Copper Carbonates). Some eighteen basic 
cupric chlorides have been reported. 

Cupric Bromide, CuBr2, is obtained by 
dissolving cupric oxide in hydrobromic acid 
and evaporating iu eacuo over sulphuric acid. 
It is dark-coloured, very deliquescent, and when 
heated decomposes into cuprous bromide and 
bromine. It has been used as an intensifier 
in photography, for which purpose it is made by 
mixing equal volumes of CuS04,5H 20 (230g.)J 
and KBr (230 g.) each in 1,000 c.c. H2O. 

Cupric Fluoride, Cu Fj, has been prepared by 
the action of fluorine on copper powder, and 
also by the action of hydrogen fluoride on 
cupric oxide at 400°. It forms small white 
crystals which on exposure to moist air take up 
water, become blue, and have the composition 
CuF2,2H20. 

Cupric Sulphate, CUSO4, is known in the 
anhydrous form, and also hydrated as 
CuS 04,H20 , CuS 04,3H20, and 

CuS04,5H20, 

the last being known as Hue vitriol, which is 
found in nature as the mineral chalcanthite, 
the most important deposits occurring at 
Copaquire, Chile, where the rock has been 
found to contain over 12% of the hydrated 
salt (E. Walker, Eng. and Min. J. 1903, 75, 710). 
The mineral boolhite, found in California, is 
reported to be CuS04,7H20 (Schaller, Amer. 
J. Sci. 1904, [iv], 17, 191). 

Cupric sulphate may be prepared by dissolving 
metallic copper or preferably the oxide in 
sulphuric acid. The solution of copper in 
sulphuric acid is assisted by the presence of 
nitric acid or sodium nitrate. On a large scale 
it is made from metallic copper scrap, etc., by 
heating this material in a reverberatory furnace, 
throwing in an excess of sulphur, and closing the 
doors. When combination is complete the doors 
are opened to admit air and the temperature kept 
at dull redness to allow the oxidation of the 
sulphide to sulphate to take place. The mass, 
"while still hot, is discharged into dilute sulphuric 
acid, allowed to settle, the solution decanted, 
concentrated and crystallised. The sulphate 
so produced is of considerable purity. Copper 
matte, copper glance, and other sulphide ores are 
similarly treated. 


When much iron is present as in most copper 
ores, and especially in copper pyrites, it is 
impossible to separate the copper and iron 
sulphates by crystallisation, because, although 
copper sulphate crystallises normally, with 
5 mols of water, it forms, in presence of ferrous 
sulphate, crystals isomorphous with that salt 
and containing 7 mols. of water. By carefully 
adjusting the temperature at which the sulphide 
is roasted, the iron sulphate may be converted 
into oxide, while the copper sulphate remains 
almost unaffected. The iron may be removed 
by heating the solution of the sulphates to 180° 
under pressure, when ferrous sulphate crystallises 
out and may be filtered off. Alternatively, 
the iron may be separated from the copper by 
boiling the solution with a little nitric acid, 
and then removed as oxide by boiling with 
copper oxide or by boiling with lead peroxide 
with subsequent addition of a little barium 
carbonate. 

When the sulphate is required for purposes 
in which the presence of iron is not injurious, 
such liquors may be at once crystallised out 
with, the fdrmation of crystals containing both 
iron and copper ; much of the agricultural copper 
sulphate is of this class. 

Copper containing gold and silver is some- 
times treated with sulphuric acid diluted with 
its own volume of water, the copper being thus 
dissolved while the silver and gold are left in the 
residue. 

Argentiferous copper ores and mattes are 
sometimes roasted in reverberatory furnaces, 
the roasted product being digested with sulphuric 
acid until little free acid remains. The solution 
is then decanted from the precipitated lead 
sulphate, gold, and other insoluble matter, and 
passed into lead-lined tanks containing plates of 
copper upon which all the silver and part of the 
antimony and arsenic present are deposited, 
while the greater portion of the bismuth is 
precipitated as a basic sulphate and the iron 
is reduced to ferrous sulphate. The liquor is 
then crystallised, the mother liquors being used 
for treating a fresh quantity of roasted material. 
Copper sulphate is also obtained in the refining 
of silver by precipitating it upon plates of copper 
from its solution as sulphate. 

An electrolytic process for the production of 
copper sulphate consists in using a solution of 
sodium sulphate and copper electrodes, a current 
of carbon dioxide being passed through the 
liquid. Copper is dissolved from the anode as 
sulphate, while sodium carbonate is produced at 
the cathode. These react, regenerating sodium 
sulphate and precipitating copper carbonate, 
which is collected and dissolved in sulphuric 
acid (Kroupa, J.S.C.I. 1906, 25, 78). 

A process for preparing cupric sulphate from 
scrap copper has been patented. In this, the 
scrap is treated with air in the presence of cupric 
chloride solution, and the oxychloride sludge 
so obtained is decomposed with concentrated 
sulphuric acid, forming copper sulphate crystals 
and cupric chloride, the latter being returned 
to the process (B.P. 323115). 

Copper sulphate crystallises in large, trans- 
parent, blue, doubly oblique, rhombic prisms 
ofsp.gr. 2-28, of the formula CuS04,5H20. 
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Solubility of copper sulphate in water at 
different temperatures as g. of CuSOfin 100 g. 
solution : 

t 0' IS* 20* 25* 40* 

g. .12 9 16-1 17-4 18 5 22 8 

t 55* 60* 70* 80* 00* 100* 

g. 26 9 28 1 31-4 34 9 38 5 42 4 

When heated, it loses 2 mola. of water at 30®, 
becoming CuSOi.SH^O. 2 more at 100®, 
becoming CuSO^.H^O, and at 200® loses nearly 
all its water; at 360®, however, a little water 
(0 04%) is still retamed, but by raising the 
temperature gradually to 400® anhydrous sal* 
phate is obtained (Richards, Proc, Amer. Acad. 
1891, 26, 240). 

The salt obtained at 260® is white and hygro- 
scopic, and combines with water with con- 
siderable evolution of beat ; it combines with 
water contained in alcohol and other organic 
liquids with the production of a blue colour, 
and may he used for detecting the presence ol 
water in these substances, although this test u 
not very dehcate It has sp gr. 3 606 and 
begins to decompose at 361® (Vanjukoff, J. Ross. 
Phys. Chem. Soc 1909,41,688]- Theanhydrons 
sulphate has also been prepared by beating 
the pentahydrate at 250® tn vacuo (F. Krafft. 
Ber. 1007, 40. 4770) 

Copper sulphate absorbs liydrogcD chloride 
with evolution of heat, forming cupnc chloride, 
and liberating sulpburio acid. It is, therefore, 
used to remove this impurity from such gases 
as chlorine, carbon monoxidn, carbon dioxide, 
etc. A simdar reaction occurs m solution 
When mixed in solution with molecular pro- 
portions of other sulphates, such os those of 
zinc, magnesium, cadmium, iron, cobalt, 
manganese, etc , copper sulphate produces well- 
defined double sulphates which may be rhombic, 
monocbnic or trichnic, according to the amount 
of water of crystallisation. 

A number of ammino-cupric sulpbates have 
been reported, including Cu(NH,)>SO.. 
Cu(NH,),S 04 . Cu(NH,),S 04, and also 

CujNHsl^SOiiHjO. Double sulphates of 
copper and sodium, potassium, caesium, rubi- 
dium, and ammonium are also known, such as. 
Na,Cu(S 04 )j, 2 H, 0 , K,Cu(S 04 ),, 6 H, 0 . 

Cs.Cu (S0.)„eH,0, Rb.Cu (SO-lj.eH.O 
and (NH4 )*Cu(S 04)„6H,0. 

Ten basic sulphates of copper have been 
reported in anhydrous or hydrated forms 
varying in the ratio of CuO to SO,, euch as 
6Cu0,2S0,,5H,0 and 4Cu0,S0,,4H,0 (v. 
Fowles, J.C.S. 1926, 1845). 

Copper sulphate is the most important of the 
copper salts as the large number of copper com- 
pounds used in commerce ate prepared from 
this salt. It is largely used in cabco printing, 
in dyeing, directly or indirectly for the prepara- 
tion of most pigments containmg copper, in 
electro-plating solutions and in galvanic cells 
It is also used as an antiseptic, as a preventative 
against rot in timber, and in making prepara- 
tions for protectmg plants from various disrases. 
In agriculture the crude sulphate containing 
ferrous sulphate is used to prevent “ smut " m 
seeds. For this purpose the seeds are soaked ■ 


for some hours in a weak solution of the sulphate 
and are sown within 24 hours. 

A 10-20% solution of copper sulphate, 
preferably mixed with lime, is applied to vines 
with great benefit, A small quantity is found 
in the grapes and should be removed, although 
the tannin and sulphur introduced before 
fermentation remove it in most cases. Karsten 
has stated (J S C.I. 1896. 16. 367) that 
attacks of illnesa resembling dysentery have been 
caused by a wine which contained sufficient 
copper to give a visible deposit on steel in 
12 hours. Its presence was due to spraying 
the vmes with a copper salt. An effective wash 
for vines is prepared by boiling 23 parts aodium 
carbonate and 25 parts resin in 100 parts water; 
2 litres of this solution is diluted with 10 litres 
of water and added to a solution of 2 kilos of 
copper sulphate in 50-80 litres of water, the 
mixture ncutcalised with sodium carbonate and 
made up to 100 litres with water (Perraud, 
Compt rend 1898, 127, 978). 

Copper sulphate is used in preparing copper 
fcrncyanide, a solution of which in potassium 
citrate solution is used, as a toning bath for 
photographs (Ferguson, " Copper Toning,” 
J.SC.I, 1900, 19.465). 

Cupne Cu (NO));. » prepared by the 

double decomposition of cupric sulphate and 
b&tium nitrite. It is thus obtained as a bright 
green solution. It is said to evolve nitno oxide 
even in the cold, and it absorbs oxygen from the 
air, being slowly changed to mtrate. According 
to Ray (J.C S 1907, 91, 1405), when the solution 
ta evaporated under diminished pressure over 
sulphuric acid, nitric oxide is evolved and the 
residue, bluish-green in colour, consists of a 
mixture of nitrite and nitrate, insoluble in 
water. 

A number of double nitrites ate known; for 
example, potassium copper mtritc, K,Cu (NOtlj, 
18 obtained by mixing cold saturated solutions 
of copper sulphate and potassium nitrite, addmg 
methyl alcohol, filtering, and adding ethyl 
acetate to the clear green filtrate, when long 
cryetab of the salt separate. Rubidium copper 
nitrite of similar composition may be obtained 
in like manner (Kurtcnackcr, Z. anorg. Chom. 
1913, 62, 204). Basic copper nitrites, 
3Cu(OH)..Cu(NOj)j and 
2Cu(0H)(,Cu(N02)4, 
are also known. 

Cupne jVtfrafe, Cu(NOj),, may be pre- 
pared by diaaolving metallic copper, the oxide, 
or the carbonate in nitric acid. The solution at 
temperatures above 26® deposits dark-blue 
crystals containing 3 mols. of water which melt 
at 114 5® and boil at 170° with evolution of 
nitric acid and the formation of a green basic 
salt. This basic salt moy also be prepared 
by tolling the solution of the nitrate with copper 
or copper hydroxide or with a little alkah. 
Hydrated crystals containing 0 mola. of water 
are obtained at low temperatures, —20® to —24°, 
and crystals containing C mols. at temperatures 
between —20° and -1-26°. 

The anhydrous salt may bo obtained by the 
action of nitric anhydride on the hydrated 
salt (A. Guntz and M. Martin, Bull. Soc. cliim. 
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1909, [iv], 5, 1004). By leaving a solution of 
cupric nitrate in liquid ammonia in contact with 
copper foil J. Sloan (J. Amer. Chem. Soc. 

1910, 32, 972) obtained crystals of cuprous 
ammonio nitrate, CuN03,2NH3, and by 
allowing the ammonia to evaporate slowly, 
anhydrous cuprous nitrate is obtained (w. F. 
Ephraim, Ber. 1919, 52, 236). 

Copper Acetate v. Acetic Acid, (Vol. I., 
p. 54c). 

Copper Arsenite v. Arsenic (Vol. I., p. 477<i). 

Cupric Phosphate, Cu3(P04)2,3H20, is pro- 
duced by the solution of the carbonate in dilute 
phosphoric acid and heating the solution to 
70°. Caven and Hill found that by boiling this 
normal phosphate with water or by washing 
with water at 100° until of constant composition 
the basic phosphate, Cu3(P04)2,Cu0,H20, is 
produced, which compound occurs in nature as 
the mineral libethenite (J.S.C.I. 1897, 16, 29). 

C. O. B. 

COPPER GLANCE or chalcocite v. 
Chalcosine. 

COPPER PYRITES v. Chalcopyeite. 

COPRA and COPRA OIL «. Coconut 
Oil. 

COPROLITES. Concretionary mixtures of 
calcium phosphate and calcium carbonate, de- 
rived from the excrements of certain extinct 
fishes and reptiles. Used as a fertiliser. 
Formerly much used in the manufacture of 
superphosphate of lime. 

COPROMESOBILIVIOLIN v. Bide 
Pigments. 

COPRONIGRIN a. Bile Pigments. 

COPROSMA. The bark, and more 
especially the roots, of C. grandifolia, C. 
linariifolia, and C. areolata (Fam. Rubiacese), 
which are widely distributed in New Zealand, 
possess tinctorial property (Aston, New Zealand 
J. Sci. Tech. 1918, 1, 3), and being related to 
madder probably contain either alizarin itself 
or an allied colouring matter. Thus, an alcoholic 
extract of C. grandifolia is coloured purple by 
alkali, and becomes yellow on addition of acid. 
From the acid solution, by means of ether, an 
orange-yellow crystalline substance can be 
isolated in small amount. 

A. G. P. and E. J. C. 

CO PT I S I N E . The roots of Coptic japonica, 
which are used in China and Japan as stoma- 
chics, contain besides berberine two other 
alkaloids, coptisine (I) and worenine. (I) was 
first isolated by Kitasato (A. 1926, 1160). 

The ground roots are extracted with 50% 
aqueous EtOH, the concentrated extract 
acidified with sulphuric acid and the precipitated 
salts extracted with hot EtOH and H2O ; the 
sulphate of (I) remains undissolved and is thus 
separated from the two other alkaloids (Kita- 
sato, Amer. Chem. Abstr. 1927, 21, 2700). 

Coptisine is a quaternary base, only slightly 
soluble in organic solvents, it is best purified by 
reduction to tbe racemic tetrahydrocoptisine, 
m.p. 217-218° (Spath, 227-228°), needles from 
EtOH-CHClj, and reoxidation ivith iodine. 
For absorption spectra of (I) and that of the 
tetrahydro derivative, see A. 1927, 1095. The 
salts of (I) are crj-stalline and highly insoluble : 


the iodide, yellow needles decomposing above 
280° ; the chloride, orange-coloured prisms, does 
not melt at 300°. By replacing by -O H groups 
the methylenedioxy groups by means of phloro- 
glucinol, methylating the phenolic -OH groups, 
and reducing the compound, racemic tetrahydro- 
palmatine was obtained. Kitasato {l.c. 1926) 
therefore attributes to (I) the following con- 
stitution : 


O— CH2 



I. 

it was synthesised by Spath and Posega (Ber. 
1929, 62, [B], 1029) starting from tetrahydro- 
palmatine and from protopine {l.c.). Before (I) 
was found in nature, a base identical with the 
tetrahydro-derivative had been synthesised 
by Hawortb and Perkin (J.C.S. 1926, 1769). 
Spath and Julian (Ber. 1931, 64, [B], 1131) 
isolated d-tetrahydrocoptisine (m.p. 203-204°, 
[a]p-f310°, in CHCI3) from Austrian corydalis 
bulbs. Go (Amer. Chem. Abstr. 1931, 25, 518, 
or Chem. Zentr. 1931, 1, 791) isolated the lievo- 
compound (m.p. 201-202°, [0]^ —315°, in 
CHClg) from a Corean corydalis. The alkaloid 
stylopine, isolated from Stylophorum diphyllum 
(Fam. Papaveraceae) by Sohlotterbeck and 
Watkins (Ber. 1902, 35, 7), is probably identical 
with tetrahydrocoptisine. 

Schl. 

COPYING-INK or INDELIBLE PEN- 
CILS. Originally the pencils sold under these 
names were intended to be used for copying 
purposes, and for this reason a water-soluble 
aniline dyestuff formed an ingredient of the 
“ lead,” but the writing done with most of 
them will yield only faint copies. The term 
“ indelible ” is also a misnomer, since the 
■methyl violet, which most of them contain, can 
be readily bleached. 

In addition to the soluble dye, the pigment also 
contains graphite or kaolin or both. Prepara- 
tions intended for use in pencils of this type were 
first patented by Petit (B.P. 4090, 1874), and 
their composition was described by Viedt 
(Dingl. poly. J. 1875, 216, 96). Lehner (“ Ink 
Manufacture,” 1902, p. 125) gives the composi- 
tion of four typical Bavarian pencil pigments, 
made by Faber, and the table at head of page 
360 shows the variation in t3q)ical pencils deter- 
mined by Mitchell (Analyst, 1917, 42, 1). 

The proportion of graphite in the pigment 
affects the behaviour of the material towards 
infra-red rays, and enables many of the pig- 
ments to be readily distinguished from one 
another. Pigments in which there is no graphite 
are transparent in an infra-red photograph 
(Mitchell, Analyst, 1935, 60, 459). 
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COPYING-INK OU INDELIBLE PENCIL. 



Copying ink pencils containing a large pro 
portion of alumina tend to bo more indelible 
than those in n bich the pigment constate only of 
graphite and dyestu? In this country only 
the violet pencils are in demand, for blue and 
red pencils uanally contain an insoluble pigment 
instead of a dye ; the composition of the pig- 
ments of typical coloured pencils was deter- 
mined by Mitchell (Analyst. 1622, 47, 385). 
A simple charring test, m which the grapbte 


of a copjdng ink pencil is left on the coherent 
ash of the paper, enables the sequence of two 
inteieecting strokes made with a copying-ink 
pencil of the graphite type to bo deterramed 
(Mitchell. Analyst, 1925, 50. 178). 

C. A. JI. 

CORACAN i. Cereals, (Vol II, p. 488(1) 

CORAL is the calcareous substance secreted 
by ae^eral different organisms. The best known 
of the^ belong to the Coelenteralea and include : 
(1) eome Hydrozo.a known as MtUepores, 
common on tropical coral reefs, (2) a large 
number of Actinozon (Anthozoa), which include 
the commonest reef building corals and the 
precious coral of industry. The term coral is 
also loosely appLcd to (3) some of the I’olyzoa 
(koowa os sca-mata or zoophytes) which Ka\e 
coral bke forms and aro the chief constituent 
of the Tertiary deposit known as the “ Coralline 
Crag”, (4) some shsnow water Foramiiiifera, 
veiy primitive shell bearing animsls which form 
an important percentage of the sand of coral 
reefs , (5) certain sea-weeds (NuUipores or 

Calcartouf Algce) which have a calcareous 
skeleton and are also common on coral reefs 

A large number of analyses of coral are given 
by F. U’. Clarko and \V. C. Wheeler (US 
Ceol Surv, Prof Paper 124, 1922), and a 
selection of these is given in the table . 


PritCENTAOB Composition op Coral. 



CO 

MjO 

SIO, 

'ISIM 

llydrozoa— 





iltlUpora afcicomii 

Actinozoa— 

52 50 

0 43 

023 

4177 

Pontes atlrtoidea . 

63 64 

018 

0 02 

44 OS 

Madreporapr^ifera 

53 48 

0 00 

019 

44 50 

Faina fragum 

53 69 

OIS 

029 

44 44 

Maeandra labynnihiformis . . 

Polyzoa — 

53 71 

0 26 

~ 

45 10 

Flustra membranaeta ... ... 

rorammifeia— - 

30 81 

200 

300 

61 45 

OrbiloUtes margiTiaUs . 

48 92 

4 93 

0 03 

45 20 

Lithothamnium .... 

48 00 

4 78 

041 

45 41 


The precious coral of industry is chiefly 
Coralhum rubrum. It is obtain^ in depths I 
between 60 and OOO ft. in the Mediterranean 
The richest fishery is on the banks off the 
Algerian and Tnnisian coasts and also off the 
coast of Sicily. Black coral comes from Jidda 
in the Red. Sea, and white and red (Blorro) 
coral of good quality comes from Japanese 
waters All are used in the manufacture of 
jewellery. The composition of preeioua coral 
IS given by G. F. Kunz (in D. K. Trcssler, 
“ Marino Products of Commerce,” 1923) as 
shown in table opposite. 

The colour of black coral is said to bo doe to 
the organic matter, while some workew have 
said that the colour of the red coral la due to 
iron. The red colour, however, is destroyed on 
ignition, so that presumably it is an organie 
compound formed by the polyps. The specific 



Ked coral 

nijek 

Calcium carbonate . 

66 074 

85 801 

MagRcsium carbonate . 

6 804 

6 770 

Calcium sulphate 

1-271 

1-400 

Ferrous oride .... 

1-720 


Organic matter 

1-350 

3 070 

Water ... 



Phosphorus, silica, etc. . . 

I 331 

1-559 


gravityof precious coral is clone to that of calcite, 
varying from 2 G to 2'7, but its hardcicas (30 is 
a little greater. The low hardness facilitates 
carving and turning and, though it docs not 
lake a fine polisli, the beauty of hue makes up 
for this ancf it wears well. Tho colour of red 
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coral varies from crimson to rose, the latter 
being the rarest and therefore most prized. 

Although the analyses in the tables give the 
composition of some of the more important 
corals, it is known that important changes 
in the composition take place at comparatively 
shallow depths in coral reefs. The calcium 
carbonate is largely replaced by magnesium 
carbonate, which may rise as high as 38%. 
This imperfectly understood phenomenon is 
known as dolomilisaiion, and has been most 
closely studied in the borings from the Atoll of 
Funafuti (J. W. Judd, Phil. Trans. 1904, " The 
Atoll of Funafuti,” pp. 362-389 ; E. W. Skeats, 
Amer. J. Sci. 1918, 45, 185). It was found 
that doTO to the depth of 637 ft. dolomitisation 
had only occurred to a slight extent, the mag- 
nesium carbonate never exceeding 16%; but 
the lower portions of the bore were very rich 
in magnesium carbonate, containing from 30 to 
43%. Different degrees of dolomitisation have 
been found in other bores in different reefs. 

Sandy islands on coral reefs are the home of 
innumerable sea-birds, and their excreta replace 
the carbonate in the coral by phosphates. This 
guano may be, as is the case on the coral reef 
kno^vn as Christmas Island, of commercial 
importance. The deposit may contain as much 
as 38-5% of phosphoric acid. 

(For an accormt of the distribution, structure, 
and formation of coral reefe, see J. D. Dana, 
“ Corals and Coral Islands ” ; C. Darwin, 
“ Coral-Reefs ” ; W. M. Davis, “ The Coral Beef 
Problem.”) 

A. P. 0. 

CORAL-ORE V. Cinhabab. 

CORAMINE(CIBA). P^dine^-carboxy- 
diethylamide. Used as a cardiac stimulant. 

CORDEAU DETONANT or DE- 
TON ATI NG FUZE. Several varieties of 
this fuze, which is used for firing a number of 
explosive charges simultaneously, have been 
manufactured, but the type most largely used 
at present consists of a narrow lead tube filled 
with trinitrotoluene. It is fired by means of an 
ordinary detonator and safety fuze or by means 
of an electric detonator. 

H S 

CORDIALS AND LIQUEURS. These 
are spirituous mixtures usually sweetened and 
flavoured with essences obtained from herbs, 
spices or other substances, and often strongly 
coloured. They are manufactured and used to a 
much greater extent in France and other 
Continental countries than in the United 
Kingdom, and although there is no essential 
difference between them, the term “cordials” 
is by many restricted to British and American 
preparations, and “ liqueurs ” to those 
originating elsewhere. 

The spirit in the best quality of liqueur is 
derived from the grape, but grain, molasses 
or other spirit is frequently employed, especially 
in cordials. In the case of citrus cordials 
the spirit used is often prepared by fermentation 
of the juice of the fruit after the addition of 
sugar. Whatever the origin of the spirit it 
should be highly rectified, and unless obtained 
from the basic fruit it should be neutral in 
character, so as not to impair the flavour of the 
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finished product. The alcoholic strength of 
cordials and liqueurs varies greatly, but, on 
the average, they contain from 30 to 40% 
of alcohol, approximately equivalent to 50 to 
70% of proof spirit. 

The principal flavouring ingredients employed 
fall into three classes. Those used solely on 
account of their essential oils include aniseed, 
bitter almonds, caraway, juniper berries, mint, 
lemon-peel and orange blossom. Those valued 
for their bitter principles as well as their essential 
oils include cinnamon, cloves, curacoa apples 
(a kind of orange), gentian, ginger, orange- 
peel, sweet calamus, wormwood and vanilla. 
The third class of flavouring consists of fruits, 
such as cherries, pineapples, raspberries and 
strawberries. The flavourings are prepared for 
use either by digesting with alcohol and distilling 
the mixture to obtain an essence, filtering the 
alcoholic extract to form a tincture, or by 
expressing and clearing the juice of fruits. 
Those for citrus cordials are sometimes prepared 
by expressing the oil from the peel, the juice of 
the fruit being fermented, after the addition of 
sugar, to give the necessary spirit. Artificial 
essences simulating the above flavourings are 
frequently employed, but their use in beverages 
is questionable, since it is possible that their 
physiological action differs from that of the 
natural flavouring substances which they are 
intended to imitate. 

The sweetening material used may be sugar, 
honey or glycerol. In the case of the former it 
should be commercially pure and, before addition 
to the preparation, is dissolved in water to form a 
syrup. 

The colouring matters most commonly used 
are : red, aniline red, brazilwood, cochineal, 
cudbear, and sandalwood; yellow, saffron and 
turmeric ; blue, indigo ; green, chlorophyll ; 
violet, aniline violet; brown, burnt sugar or 
caramel. 

F. G. H. T. 

CORDITE. This smokeless powder, in 
various modifications, is the principal British 
Service propellant. It is usually in cord-like 
form, but for special purposes it is made into 
tubes with single or multiple perforations, 
and is sometimes used in the form of flakes 
made by shcing the cords. 

Composition . — Ordinary cordite is essentially a 
mixture of guncotton and nitroglycerin, gelatin- 
ised by means of acetone, together with a small 
quantity of mineral jelly (soft paraffin), the 
whole being thoroughly incorporated. The 
mineral jelly was originally added to prevent 
fouling of the rifle, but it was found to diminish 
erosion by acting as a cooling agent, to improve 
the regularity of the burning, and also to act as a 
waterproofing agent. The unsaturated hydro- 
carbons such as olefines and naphthenes present 
in the mineral jelly, by combining with the 
products of decomposition of the nitro-bodies, 
tend to stabilise the cordite. Furthermore, 
the mineral jelly to a certain extent protects 
the nitroglycerin and nitrocotton from atmo- 
spheric influences. 

The original cordite (Cordite, Mark I) was 
composed of nitroglycerin 58%, guncotton 37%, 
and mineral jelly 5%. The guncotton had a 
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nitrogen content of 12-8 to J3 1% and from 
about 10 - 12 % was soluble in etber-alcoboL > 
Owing to its high nitroglycerin content this 
cordite had a high temperature of explosion, 
and produced considerable erosion in guns of 
laige calibre. In 1901 a modified fonn was 
produced, known as Cordite hl.D. In this 
variety the percentage of nitroglycerin was 
considerably reduced, the composition being 
nitroglycerin 30^^, guncotton 65%, and mincr^ 
jelly 6%. 

Manufacture . — ^The guncotton containing 
about 30% of moisture is dried m a stove by a 
current of hot air until the moisture is reduced 
to about 0 5%. The cooled, dried guncotton is 
weighed out into rubber lined canvas bags and 
then taken to the nitroglycerin filtering house, 
where the requisite quantity of mtroglycerm is 
measured out through a rubber tube on to the 
guncotton. The bag is then earned to the 
mixing house where the contents are mixed by 
hand on a lead table which is perforated at one 
end with } in. holes through which the matenal 
is rubbed into the bag below. The product at 
this stage is known as “ Cordite Paste ” To 
eSect incorporation, part of the acetone is first 
poured into a kneading machine of the Werner 
I’fleider type, the machina started, and the 
cordite paste, together with the remainder of 
the acetone, about 56% of the weight of the 
guncotton in all, gradually added. The mixture 
18 covered to prevent loss of acetone and the 
mizuig continued for 3i hours. 

At the end of this time the charge of mineral 
jelly is added and the machine run for a further 
hours. During these operations the acetone 
gradually dissolves the ^ncotton snd nitro* 
glycerin and thoroughly incorporates them with 
the mineral jelly. The resulting product is 
known as “ Cordite Dough.” Tho etiff dough 
becomes somewhat heated during the mixmg, 
but the temperature is not allowed to exceed 
40°C.« and is controlled by the water jacket 
with which tho machme is provided. The dough 
is then conveyed in bags to tho press bouse, 
where it is squirted or pressed, by plungers 
working in cylindrical moulds, through a die 
with one or more holes according to the diameter 
of the cord required A perforated plate 
supportmg a fine wire gauze is placed above the 
die to retain mechanical impurities. Pressing 
into tubes is eficcted by means of a die with a 
pin in the centre, but when small sizes are 
being pressed considerable trouble is experienced 
through a partial vacuum being formed and 
consequent collapse of the tube. This can be 
avoided by the use of a hollow pin with com. 
munication to the outer air. 

The smaller sized cords are wound auto- 
matically on to reels as they leave the die,' 
the larger sizes aro cut into the required lengths 

For drying, the reels of cordite and tho 
larger sizes on trays aro placed on open racks 
in stoves heated by steam pipes or by a currentof 
air at a temperature of about 40'’C. For the 
smallest sizes no stove heating is required la 
tho summer; all that is necessary is to keep 
tho cordite at a temperature of about 1S®C. 
for a few days. The time required for diymg 
tho large sizes at 40“C, varies, according to tho 


diameter of the cord, from 2 to 16 days. Cordifo 
M.D requires a much longer time ibr drying 
than the Jlark I type, several months being 
necessary for the largest sizes. 

The drying process removes moisture and the 
greater part of the acetone, of which about 15% 
remains in the pressed cordite. Since the 
amount of acetone present is appreciable, 
arrangements are made for its recovery. One of 
the recovery processes is Robertson and Rmtoul'a 
{B.P. 25994, 1901) and cons, ate in passing the 
acetone impregnated air from tho stoves through 
a scries of towers dovm which a 30% solution 
of sodium bisulphite is trickling. The acetone 
combines with the bisulphite and when the 
solution IS nearly saturated it is transferred to a 
stiQ where after the addition of a little sodium 
carbonate the liquor is distilled. The acetone 
thus reoivercd is purified by fractionation. 

After drying is complete, different batches of 
cordite are thoroughly blended in order to 
obtain uniformity of composition and ballistic 
properties. This is effected in the cose of the 
smaller eizes by rewmdmg several reels simul- 
taneously on to a single drum. The larger sizes 
are blended by hand, the sticks from the drying 
stove trays being placed in boxes and the 
contents of these mixed by combining a few 
from each box, the operation being repeoted 
Before blen^ng, the sticks are carefully 
examined and any which are badly distorted or 
contain specks of foreign matter arc discarded 

Pfopertici —Cordite vanes m colour from 
light to dark brown The thin cords of tbs 
bUtk I materia! are flexible, but the larger sizes 
break easily when bent Cordite M D is 
considerably harder and more brittle and is 
difficult to cut with a knife. 

The specific gravity of Cordite, Mark I, is 
about I 5&>l-57, that of Cordite HI D being 
1-5S-1 59. 

Cordite is water repellent and can be kept 
under water, salt or fresh, for some time with- 
out its explosive properties being affected. 
Even when fired wet in a gun tho ballistics 
only fall off to the extent duo to the evaporation 
of the water. On prolonged cold storage the 
nitroglycerin exudes slightly, but is gradually 
re adsorbed when the temperature rises. 

Cordite does not ignite very readily, but 
once ignited burns relatively slowly with a 
strong yellowish flame which is practically 
smokeless. A stick becomes pointed at the 
end as it burns and the flame can be extinguished 
by blowing strongly on it. A considerable bulk 
of cordjto can be burnt in tho open without any 
explosion. It only burns explosively when 
strongly confined. If ignition of cordite con- 
fined in wooden boxes occurs, the matenal does 
not explode, but buma quietly, although the 
boxes may be burst open by the escaping gases. 

Owing to the difficulty wv ignition of cordite a 
stronger cap of different composition is necessary 
to ignite the fine cordite in amall arm ammuni- 
tion than was required for black powder, and 
to caaufQ the ignition of the larger sizes the 
charge of cordite has to bo primed with an 
ordinary black powder or guncotton primer 
which passes on the flash of tbs igniting tube 
to the charge. 
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Cordite is very insensitive to shock and 
cannot be exploded by the passage through 
it of a rifle bullet. Exhaustive trials under 
very varied climatic conditions have shown that 
the baUistic stability of cordite is of a high 
order. The baUistic power is very nearly four 
times that of black powder owing to the 
increased volume of gases liberated per unit 
weight and the high temperature of the explosion. 

Cordite can give a pressure of more than 120 
tons per sq. in. as eompared with the maximum 
of 43 tons obtainable with black powder, but 
in practice the pressure in the gun does not 
nearly attain this figure owing to the relatively 
large size of the gun barrel compared with the 
volume of the cordite. 

The ballistic properties of cordite are more 
influenced by temperature than is the case with 
black powder, the pressure developed and the 
velocity of the shot being greater at increased 
temperatures, but not to the extent of seriously 
modifying the shooting under Service conditions. 
Cordite bums more quickly under high pressures 
than low and the smaUer the size of cord the 
more rapid is the combustion. The pressure 
due to cordite is more gradually developed in 
the gun than is the case with black powder and 
is better sustained. 

Numerous analyses of the products of explo- 
sion of cordite have been published by Noble 
(Proc. Roy. Soc. 1905, 76, 381). The following 
results were obtained by exploding the powders 
in a calorimetric bomb, the loading density 
being 0'05 : 



Cordite, 
Mark 1. 

Cordite 

M.D. 

Vol. permanent gas ml. 



per g 

678-0 

781-8 

V ol. total gas ml. per g. . 

877-8 

955-4 

Composition of permanent 



gas : 

% 

% 

Carbon dioxide 

27-15 

18-15 

Carbon monoxide 

34-35 

42-60 

Hydrogen .... 

17-50 

23-15 

Methane ....'. 

0-30 

0-35 

Nitrogen 

20-70 

15-75 


100-0 

100-0 

Composition of total gas ; 



Carbon dioxide 

20-97 

14-85 

Carbon monoxide 

26-53 

34-87 

Hydrogen .... 

13-52 

18-95 

hlethane 

0-23 

0-29 

Nitrogen 

15-99 

12-89 

Water 

22-76. 

18-15 


100-0 

100-0 

Pressure tons/sq. in. 

2-9 

2-7 

Heat evolved (water liquid) 



cal. per kg 

1,272 

1,036 

Temperature of explosion 



(calculated) .... 

5,16l“C. 

4,056°C. 
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The temperatures being calculated with very 
low values for the specific heats, are consequently 
high and have only relative value. The tem- 
perature 'of explosion as determined by -Robert- 
son was found to be 2,663°C. for Mark I, and 
2,374°C. for Cordite M.D. 

The larger volume of gaseous products and 
the lower temperature of explosion explain 
why the erosive effect of Cordite M.D. is so 
much less than that of Cordite, Mark I. 

The erosive effects of cordite are less than 
those of black powder and of a different charac- 
ter. With the latter, the bore of the gun is 
pitted by the corrosive action of the products 
of combustion, whilst with the former only the 
surface near the powder chamber is smoothly 
washed away by the passage of the hot gases 
between the projectile and the bore before the 
inertia of the shot is overcome. 

Cordite M.D. gives far less flame than 
Cordite, Mark I, when used in rifles or machine 
guns. 

Analysis of Cordite Mark I and M.D . — 
Volatile Matter. 5 g. of the ground cordite are 
heated for 3 hours on a boiling water plate in an 
aluminium dish covered with a glass cone, both 
of specified dimensions {see Marshall, J.S.C.I. 
1904, 23, 154). 

Ouneotton . — 2 g. of the ground cordite are 
extracted with ether for hours in a weighed 
Soxhlet thimble. The residue is dried at 82°C. 
until constant in weight. 

Mineral Jelly . — ^The ether extract is evaporated 
to diyness and the nitroglycerin is removed 
by treatment with methyl alcohol. The 
alcoholic solution is filtered and any mineral 
jelly which has been transferred to the filter is 
washed back into the flask by means of ether. 
The ether is distilled off and the residue dried in 
the bofling water oven, any traces of nitro- 
glycerin vapour being removed by a current of 
air. The drying operation is continued until 
the mineral jelly is of constant weight. 

Nitroglycerin . — ^This is usually estimated by 
difference. 

Abel Heat Test . — This is the British oflicial 
heat test which is applied to nitro explosives 
generally. The principle of the test is to note 
the time required to produee a standard tint on 
a potassium iodide starch paper when the 
explosive is heated under specified conditions. 
The explosive is weighed out into test tubes 
about 5J to 5^ inches long having a capacity 
of 20 to 22 ml. when filled to a height of 
5 inches. They are provided with an india- 
rubber stopper fitted with a glass rod terminating 
in a platinum wire hook. On the hook is 
suspended a test paper about 10x20 mm. in 
area, the upper half of which is moistened with a 
mixture of equal parts of glycerol and water. 
The test tubes are placed to a depth of 3 inches 
below the cover of a water bath, the temperature 
of which is carefuliy regulated at the specified 
temperature (usualiy 160-180°F.). The water 
bath is a spherical copper vessel about 8 inches 
in diameter fitted with a cover having a 
number of circular holes (usually six) and 
fitted on the underside with chps to take the 
tubes. The bath is fitted with a thermometer, 
the bulb dipping 2J inches into the bath, and 
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usually some form of temperature regulator. 
The test is complete when the famt brotra 
line, which appears at tho junction of the vet 
and di^ parts of the test paper which is adjusted 
to be I of an inch above the cover, ia equal in 
tint to the brown line on a standard tint paper. 

Cordite R.D.B. — Owing to the shortage of 
acetone during the ^Va^ a further modification 
known as Cordito R.D.B. was introduced. 
This variety contained nitrocotton 62%, 
nitroglycerin 42%, and mineral jelly 6%, the 
nitrocotton having a comparatively low nitrogen 
content (12-12 2%) and capable of being 
gelatinised by means of ether-alcohol 

This cordite was designed to give similar 
ballistics to cordite M.D , and in practice it was 
found to be m no way inferior to the latter in this 
respect. 

In the case of Cordite R D B. the solvents were 
originally recovered by absorption in sulphuric 
acid. The Daniel and Br^geat process (B.P. 
127309) takes advantage of the property of 
phenol and its homologucs such as ciesol of 
absorbing ether and alcohol, and this method 
of solvent recovery was employed at various 
faclotiea during the War with very satisfactory 
results, about 60% of the total solvent being 
recovered. 

H. S. 

CORDYLITE or BARIUM-PARISITE. 
Carbonate and Anoride of cerium metals and 
barium, (CeF).Ba(CO,),, containing Ce.O* 
23 72% and (La,OI),0, 26 67%. It occurs as 
small, pale wax-yellow, club shaped hexagonal 
crystals in syenite pegmatite at Narsorsuk near 
Julianehaab lu south GceenUnd, spgr. 4 Sl- 
it 18 isomorphous with, and closely related to, 
pansite. 

L. J. S. 

COREOPS IN E POURCUIRv.AcBiDmE 
DvESTurfa (Vol. I, p. 133), 

CORIANDER.— The dried fruit (seed) of 
Coriandrum eahvum Luin. (Fam. ITmbelhfcra*), 
indigenous to Italy, but cultivated throughout 
Europe, especially in Russia. The plant is an 
herbaceous annual with an erect and branching 
stem rising to about 2 ft. in height. It bears 
white or pinkish flowers in June and the fruit 
Tipeira Til XxigtnA, 'I'ue ^rurta \j«ng m ftjA'inCt 
contrast to all those other umbelliferous plants 
employed for flavouring purposes in that they, 
are globular with -a diameter about twice the 
size of mustard seed. The plant is abnormal 
also in that any part of the fresh plant, when' 
bruised, emits a fcctid odour, whilst the fruit 
becomes fragrant on drying. The plant is cut 
and threshed when the fruit is ripe. The fruit 
IS composed of two pale yellowish-browrn sub 
globular mericarpa united at their ma^na, ' 
2 to 4 mm. in diameter, and in cross-section 
reveals its similarity to other umbelliferons 
fruits, in that each mencarp possesses five' 
primary wavy ridges but with four more 
prominent, straight, secondary ridges Vittse, i 
or oil ducts, are only present on the commissural 
sides of the npe fruit, two in each mericarp; 
there are many others in tho unnpe fruit, 
but these disappear os it develops. The taste 
is sweet and aromatic, and the fruits are 


largely used for flavouring purposes, especially 
in curry powder, and as a carminative. 

J/terwcopic j4pp«arancc —During ripening 
the outer pericarp is almost entirely discarded, 
eo that stomata ate seldom observed, and the 
chief diagnostic features are the pitted fusiform 
cells of tho lignified sclerenchyma, which are 
only present on tho outer surface of the mencarp. 
Th«e are five to ten layers deep and cross each 
other. The vitt-u are 300 to 400(i in diameter. 
Tho inner mesocarp merges mto tho endosperm 
and consists of thick-walled parenchymatous 
cells, containing alenrone grama, fixed oil, and 
minute rosettes of calcium oxalate. 

Chemical Composilton. — C. Arragon (Ann. 
Palsif. 1916, S, 345) gives the following com- 
position of a sample of coriander fruit ; 

Water . . .92 

Ash . . . . 7 01 

Fat 20 6 

Essential oil . . . 2 2 

Protein . . . . 14 2 

Fibre . . . 24 7 

Starch and reducing 
substances . . . 21-2 

AU the figures other than water are on the 
diy material. 

no principal constituent is tho essential oil, 
which vanes from 0 4 to 1 0%. the figure 
obtained by Arragon (supra) is high, and the 
best method of determination is probably that of 
Cocking and Middleton (Quart J. I'harm. 
1035, 8. 436). The powdered fruit is mixed with 
brine, distilled, and the vapours passed through 
the top of a condenser mto a graduated tuM, 
m which the oil is collected whilst the condensed 
watcc IS returned to the distillation flask. An 
air inlet or outlet is provided by means of a side 
tube below the condenser but above the gradu* 
ated iul^. These authors found that the yield 
of oil is increased slightly by powdering the 
fruits before distillation, but that tho powdered 
drug loses oil on storage. They found from 
©•25 to 0 40% of oil in commercially powdered 
fruit. For further details of the oil, sec 
CoRiAKDER, Essential Oii. of. 

Standards . — The “ British Pharmacopoua ” 
requires VnaY corianher s'naVi contain nUt mure 
than 2% of foreign organic matter, ash not 
more than 7%; acid insoluble ash not more 
than 1%. 

T. Mcb. 

CORIANDER, ESSENTIAL OIL OF. 
The oil distiUed from the ripe fruits of 
Coriandrum sativum Linn. (Fam Umljellifcra:), 
a native of central Europe and cultivotcd in 
Morocco, Thunngia, Russia and India. It is 
alao gcQwn m Cyprus. Other parts of the plant 
yield an inferior oil having a bug like odour. 

Constituents — The chief odorous constituent 
18 d bnalool, formerly known as cona^rti. 
The terpenes present are a-pinene, p pinenc, 
p cyoiene, dipentene, terpinolene, lerpinene, 
and pfaeliandrene. It also contains traces of 
bomeol, geraniol, n decylic aldehyde, and esters 
of acetic and dccylic acids. 

Characters . — A colourless or pale yellow oil, 
■Pgr. 0 870-0 885, optical rotation -f 8° lo-hl3*, 
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ref. ind. 1'456 to 1-478. Soluble in 3 volumes of 
70% alcohol. Alcohols determined hy formyla- 
tion 60 to 80%. The determination of linalool 
cannot he made hy the acetylation process 
owing to the decomposition of the alcohol. 

This oil is used largely in the manufacture of 
liqueurs and in the chocolate industry. It is also 
employed in medicine as a carminative and 
flavouring agent. 

C. T. B. 

CORIANDROL v. Cobiander, Essential 
Die of. 

CORINDITE is the name given to a refrac- 
toiy and abrasive material -which has been 
claimed as a “ new product.” In 1914 a 
French engineer, Noel Lecesne, patented a 
process of fusing bauxite economically. A 
mixture of 3 parts crude bauxite, as quarried, 
and 1 part of anthracite is heated in a cupola 
oven and air blown into the lower portion. 
The bauxite is reduced, with the formation of 
aluminium carbide, which in the presence of 
excess of air is almost entirely oxidised to 
alumina, the heat of the reaction being such 
that the mass fuses in successive layers. On 
cooling, a vesicular mass is left, through which 
an immense number of small crystals of fused 
alumina are disseminated (F.P. 471513; 

J.S.C.I. 1915, 34, 356). There are two varieties 
of French bauxites, white and red ,- the former 
when fused has a melting-point of 1,950°C., 
the latter resembles emery and is a powerful 
abrasive. It is stated that Irish bauxite (Larne), 
white and low in A I 2®3> hitherto of little 
commercial value, gave a product equal to that 
obtained from French material. The crushed 
corindite is mixed with finely-ground refractory 
binders, such as bauxite, kaolinitic clay, etc., 
moistened and moulded into shapes w-hioh have a 
very low air-shrinkage. The dried bricks are 
fired at 1,350° to 1,400°C. and up to 1,750°C. 
show very little variation in volume. The 
porosity varies -with the mechanical composition 
of the mixtures and ranges from 9 to 12%. 
Lime, magnesia, etc., are not suitable binders 
as they lower the refractoriness. Corindite 
articles also have great resistance to deprecia- 
tion and have been recommended for rotary 
cement kilns, heavy oil and gas engines, coke- 
ovens, etc. (Bigot, Trans. Ceram. Soc. XVIII, 
267 ; La Ceramique, 1917, 20, 41 ; Eng. and 
Min. J. 1917, 104, 417; J.S.C.I. 1917, 36, 1094). 

W. C. H. 

CORINTH RK (INDANTHRENE 
GREY K) V . Anthraquinone Dyestuffs 
Vol. I, p. 420a. 

GORIOFLAVINE, An acridine dyestuff 
V. Vol. I, p. 133c. 

CORl PHOSPH I NS are acridine dyestuffs 
u. Vol. I, p. 1326. 

CORK. Cork is derived from the bark of 
two evergreen species of oak, Quercus Suber 
Linn., sometimes regarded as a variety of Q. 
Ilex (holm-oak) rather than as a distinct species, 
and Q. occidentalis Gay. The former yields 
the best cork, and grows chiefly in countries 
bordering the Mediterranean, whilst the latter 
occurs on the Atlantic seaboard of Portugal, 
Spain, and France. 

The chief sources of supply of cork are Spain 


and Portugal, which together produce about 
four-fifths of the world’s output. Algeria and 
Tunis also contribute to the supply, and smaller 
quantities are obtained in Southern France, 
^rsica, Sardinia and Sicily. 

The cork tree is from 20 to 60 ft. high, 3 to 4 
ft. in diameter, and attains an age of 150 or 
sometimes even 200 years. It thrives best on 
sandy or granitic soils. The quality of the bark 
depends on the nature of the soil, trees on 
poor soils producing bark of fine texture whilst 
those on rich soils give a thicker, coarser 
and spongy bark. The cork is developed in the 
cortex by the activity of a meristematic layer of 
tissue, the phellogen or cork cambium. 

Barking the Trees . — This operation requires 
great care, as on it depend the life of the tree 
and the regularity of the cork slabs produced. 
Two cuts are made round the stem — one a little 
above the ground and the other just beneath 
the spring of the main branches. Three or four 
vertical cuts are made and the bark is stripped 
off by inserting beneath it the wedge-shaped 
shaft of the implement used to make the 
incisions. Care must be taken not to injure the 
phellogen. The first stripping is effected when 
the tree is 15-20 years old. The product, 
termed “ virgin cork,” is rough, uneven, and 
woody in texture, and is of little value as it is 
not sufficiently elastic for use as bottle corks. 
It was formerly used for the production of 
Spanish black and for ornamental rustic work, 
but of late years it has been employed in the 
form of ground cork for insulating purposes 
and for linoleum manufacture. After 8-10 
years a further layer of cork is removed from 
the trees ; this, known as “ secondary bark,” 
is of much better quality than the virgin cork 
but not so fine in texture as the third and later 
strippings, which are collected at further intervals 
of 8-10 years. 

After the slabs of cork have been taken from 
the trees, they are stacked and weighted with 
heavy stones to flatten them. The cork is 
then immersed for 5 or 6 minutes in a tank of 
boiling water which causes it to swell and 
improves its softness and elasticity; the water 
also removes tannin and other soluble matter. 
In Spain the cork is sometimes passed through a 
fire, whereby it is superficially charred, and is 
supposed to acquire special qualities. The slabs 
are finally hydraulically compressed and baled 
for the market. 

Physical Properties and Uses . — ^The chief 
characteristics of cork that render it peculiarly 
suitable for the various uses to which it is 
applied are its low sp.gr. (average about 0-16), 
its compressibility, elasticity and imperme- 
ability to both air and water, and its low 
thermal conductivity. In addition to its 
extensive employment in bungs and stoppers 
for bottles and other vessels containing liquids, 
it is used in making mats, soles for shoes, linings, 
artificial limbs and many other articles. 

Waste cork is granulated by suitable 
machinery, and then ground to powder. The 
finest dust is used in conjunction with linseed 
oil for the manufacture of linoleum and other 
floor coverings. The most important use of 
cork waste, however, is as insulating material. 
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5Iany methods have been devised for the ' 
manufacture of moulded slabs in ivhjch use bas 
been made of vanous binding materials, anch as 
gluten, casein, tar, pitch, and mixturea of glue 
with oily and resmous substances. Another 
method of making cork slabs or boards is 
carried out by placmg the ground waste in iron 
moulds, subjecting it to heavy pressure and 
heatmg it in an oven at about 450-500*. This 
treatment effects the cohesion of the cork 
particles without the addition of any extraneous 
material, and the product is termed '* baked 
slab cork.” 

Chemistry of Cork . — Cork consists essentially 
of subenn, but contains abont 2 S% of cenn or 
cork wax (m p. 250°). According to Karrer, 
Peyer, and Zega (Helv. Chim. Acta, 1922, 5, 
853) cellulose is present to the extent of 1 6- 
3 0%. The composition has been studied by 
Zetzsche and his co workers (Helv. Chim Acta, 
1927, 10,346, 1928,11.272; 1931,14,632). 
Kugler (Arch Pharm. 1884, 217), Gilson (ibxd 
1890, 690). Hy Ingle (J S C I 1004. 1197), 
if. von Schmidt (Monatsh. 1904, 25, 277, 302 , 
1910, 31,347) 

Oibon sapomfied cork from Q Subtr with 3% 
alcoholic potash, and isolated from the filtrate 
44% of fatty acids, eonsistmg of: “phellonic 
acid,” mp 102°, a monobasic acid 

giving a vioUt colour with line chlondc iodine 
aoIutioD, yield 8% , “ subennic acid,” 
a semi fluid sticky substance, yield 36% ; and 
a small amount of ^‘phloiomo acid,” 
m.p. 82-63°. He considered subenn to M a 
mixture of complex eaters and possibly condeosa 
tlon products of different acids Scurti and 
Tomassi (Oazzetta, 1016, 46, [ii], 159) have found 
that pheilonia acid is identical with a-hydroxy> 
behenic acid and that subermic acid is either 
neinoleic add or an uomende of it 

Schmidt expt.essed the view that suberm was 
partly composed of glycerides, although pre 
viously only small quantities of glycerol bad 
been found among the degradation products of 
cork. In order to account for the excess of 
acids above the amount required to form the 
glycerides, he suggested that they were present 
as anhydrides or polymeridea. He was further 
of opinion that young coik contains glycerides 
only, which, under the influence of air, light, 
and probably also of enzymes, suffer hydrolysis, 
the glycerol being partly oxidised to carbon 
dioxide and water whilst the fatly acids partly 
polymerise and partly form anhydrides 
Zetzsche considers that subenn consists of 
high molecular polymeridea of unsaturated 
acids, mainly hydrosy-acids, and regards 
Schmidt’s hjTwthesis that they are present 
as anhydrides as unlikely. On hydrolysing 
pure cock (prepared by ttc action of boiling 
aqueous sodium sulphite on crude cork) with 
alcoholic sodium hydroxide, Zetzsche and 
Sonderegger found that sodium pbellonate 
(a bydioxybehenate) separated and that the 
acids from the other sodium salts were pUoionie, 
corticinic, tuberie, eoberoHe, and pkiotondic, 
the total acid fraction amounting to 2»-36% of 
the crude cork. 

When treated with strong mtric acid, cork is 
converted into suberic acid, oxalic acid, and 


other products. It is charred by strong sul. 
phnric acid, but is little affected by hydrochlono 
acid. Chlorme, bromine, and iodine cause cork 
to shnnk, the two former first bleachmg it. 
On Ignition it swells and forms a charcoal 
known as Spanish black. 

E. G. 

CORNISH STONE p. CniKA Stone. 

CORN OIL or MAIZE OIL v. Ceeeau, 
Maize. 

CORNUITE p. CnRYaocoLi.A. 

CORONILLIN, C„H„0„, [0% -176*. 
the glycoside of the seeds of CorontUa ecorpioides 
and C. varta, is hydrolysed to glucose and an 
.aglucone. Cj^H.jdg. It is not attacked by 
I emnlsin, although spLt by one of the enzymes in 
Aspergillus niger. The glycoside is very toxic 
I and has a moderate cardiac and low diuretic 
j action (Tauret, Compt rend. 1934, 198, 1637). 

I E. F. A. 

COROZO. Vegetable ivory, the seeds of 
the Phytelephas macroearpa. 

CORROSION OF METALS. General. 
— Corrosion is a chemical process which results 
m the wastage or deterioration of metals, 
and may thus be distinguished from erosion, 
which denotes a wearing away by mechanical 
agencies. Corrosion may occur cither os a 
” direct chemical ” or as an “ electrochemical ” 
attack, but these are phases of the same funds 
mental process, the essential featuro of which is 
a decrease m the free energy of the system. 
Conditions favouring the first type are more 
often afforded by contact with gases or moisture* 
contaimog atmospheres, whibt immersion u) 
Lquids favours the production of elootncal 
currents and hence the second type of attack; 
but this is by no means a general rule, and 
the distinction between atmospberio and 
immersed corrosion is usually dictated by other 
factors to bo considered later. 

The end product of a corrosion process is 
often a compound which is found m nature as a 
mineral Thus, copper exposed for many years 
to an uland atmosphere becomes covered with a 
coating of basic sulphate which is similar to 
the mineral brochanttlt and iron or steel when 
totally immersed m certain waters and salt 
eolations, yields, after long periods, hard deposits 
of hydrated feme oxide which closely resemble 
goelktte Corrosion is thus the reversion of a 
metal from a metastable metallio state to a 
stable oxidised state, metals which occur as 
such in nature, e g gold, do so becauso they arc 
corroded only by reagents not commonly found 
in nature, or because, as in the case of copper, 
they occur ” native " m certain strata from 
which oxygen and salt solutions arc largely 
excluded. Structurally, corrosion may affect 
a metal in several different ways: (1) The 
changes are confined essentially to the surface, 
on which the corrosion product may either 
accumulate or be removed in solution or other* 
wise, leaving a rwidue of unaltered tnefal, 
(2) The changes at the surface are accompanied 
by more or I6ss tnlercrysloUiM penetration; 
this “ intercrystalline corrosion ” leads to bnttlc- 
neas or weakness m the underlying metal 
although the bulk of it may have undergone no 
change. (3) The changes are definitely not 
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confined to the surface, but extend throughout 
the mass of the material (“ metasomatio 
change ”). In extreme cases a complete change 
of composition may be effected whilst the 
article retains exactly its external shape. 
Examples are provided by the “ graphitisation ” 
of cast iron and the so-called “ dezincification ” 
of brass, reference to each of which will he made 
later (see “ Corrosion by Sea-water ” p. 381 
and “ Corrosion by Soils,” p. 384). 

Methods for protection against corrosion 
should theoretically exclude entirely all sub- 
stances which promote reversion to the stable 
condition. These vary with the metal but 
usually include oxygen, as gas or in solution, 
and water-soluble substances ; these are 
difficult to exclude entirely, and advantage may 
then be taken of the so-called “ self-stifling ” 
processes which are described later. A detailed 
knowledge of the mechanism of corrosion may 
often provide the key to corrosion protection 
processes, and an immense amount of work has 
been done to elucidate this mechanism. 

It is convenient to divide the consideration of 
this subject into two parts, one dealing with 
metals wholly or partially immersed in liquids, 
and the other with metals exposed to gas 


atmospheres from which liquid water may or 
may not be deposited; a justification for this 
procedure is that the factors which control the 
rates of corrosion in the two sets of conditions 
are in general different. (By “ controlling 
factor ” is understood that factor which, under 
the particular conditions, has the greatest 
influence in restricting the rate of corrosion.) 
For example, it is charaoteristio of many 
kinds of atmospheric corrosion that oxygen is 
present in excess at or close to the metal surface 
and consequently the rate of corrosion is usually 
controlled by some factor other than the rate of 
oxygen supply, e.g. by the humidity, the presence 
of other gases such as sulphur dioxide, or the 
natme of the initially formed corrosion product ; 
on the other hand, when a metal is immersed in a 
salt solution the rate of corrosion is often 
dependent largely upon the rate at which oxygen 
reaches the metal surface or its immediate 
neighbourhood. It is for this reason that 
differences both in composition of the metal 
and also in climate give rise, in general, to much 
greater differences in behaviour on complete 
exposure to the atmosphere than under con- 
ditions o£ complete immersion in the sea. This 
is illustrated in Fig. 1, taken from a paper 



Fig. 1. 


by Robert Hadfield and S. A. Main (J. 
Inst. Civil Eng. 1936, 25) in which the 
authors survey the results of 5 -year field tests 
of the Institution of Civil Engineers. It is 
apparent from this diagram that maximum 
differences are exhibited by the aerial tests, 
maximum agreement by the complete immer- 
sion tests, whilst the tests representing “ half- 
tide ” conditions occupy an intermediate 
position. 

The surfaces of most industrially important 
metals exposed to the atmosphere become 
covered with a film, visible or invisible, which 
may influence subsequent corrosion processes. 
This film is frequently an oxide of the exposed 
metal, and its properties will vary with the metal 
and the conditions of exposure. It may largely 
protect the metal from further reaction, e.g. 
the oxide layer on aluminium which hinders the 
attack of many salt solutions, and the oxide 
layer on copper which appreciably slows down 
atmospheric attack. Of special interest is the 
resistance of the stainless alloy steels to the 
corrosive attack of many atmospheres and 
solutions ; this is probably largely due to the 
protective effect of complex oxide layers 
formed on their surfaces. On ordinary carbon 
steels, however, the oxidised layer has little or 
no protective capacity when the metal is freely 


exposed to attack by the atmosphere, or by salt 
solutions or industrial waters. The films formed 
by exposure to atmospheric conditions may he 
so thin as to be almost or quite invisible, but 
heating the metal surface increases the reaction 
rates and may produce thicker films which show 
interference colours. Still thicker films formed 
on steel, for instance, show inherent colours, 
and may crack and flake away locally during 
cooling and this may cause a localised electro- 
chemical attack if the metal is exposed to the 
action of a salt solution. The thick film which 
remains on the metal acts as the cathode of an 
electrolytic cell with the bare metal as anode. 
Then, if there is an ample supply of oxygen to 
the cathode, and the ions in the electrolyte do 
not react to form an insoluble, impervious film at 
either electrode, localised action or pitting may 
occur at the anode. 

Further discussion will now be grouped under 
two headings, dealing with atmospheric and 
immersed conditions respectively, to be followed 
by rather more specific treatment of corrosion 
in sea-water and in soils. In a survey of this 
kind it is impossible to give complete references 
to original work ; the references in the text 
miMt therefore be regarded only as general 
guides, and for bibliographical details and more 
extended information the reader is referred 



CORROSION OF METALS. 


to the following works : “ Metalhc Corroskni, | 
Passivity and Protection,” by U. R. Evans; 
London, Edward Arnold 4: Co., 1937. “ Corro- 
sion, Causes and Prevention,” by Frank N. 
Speller ; New York, McGraw-HiU Boc^ Co., 
2nd cd., 1935. “BibLography of Metallic 
Corrosion,” by W. H. J. Vernon; London, 
Edward Arnold & Co., 1923. 

Atmospheric Corrosion. 

It has been mentioned that atmospheric 
corrosion comprises reactions of both the metal* 
gas and the metal-liqnid type. By the latter is 
understood any reaction into which water enters, 
but not necessarily one m which the presence of 
liquid IS evident to the eye. Investigations 
have shown that in air containing the usual 
traces of impurities it is not necessary for the 
meteorological dew-point to be reached for 
reactions of the second type to occur; the 
appropriate conditions are frequently reabsed 
well below saturation provided a critical 
humidity is exceeded, the precise value of which 
depends on the metal and on other factors. 
Atmoaphenc corrosion phenomena may be 
considered, therefore, aa falling into three 
groups: (1) Therelativehunudity is consistently 
below the cntical humidity. (2) The relative 
humidity, either continuously or penodjesUy, 
rises atove the cntical humidity. (3) The 
metal is freely exMsed to the open air, and u 
thus subject both to rain aud to relative 
humidities that vary over the widest possible 
range. Conditions mIow the cntical buoudity 
favour, by direct oxidation, the formation of 
mvuible oxide films, which may sometimes 
have an important bearmg on the subsequent 
course of attack ; usually, however, it is the 
modt ef brealdovn of the film that is of major 
importance and in this respect the common 
metaU present varied but characteristic 
features. Both the formation and breakdown of 
primary (mvisible) oxide films will therefore be 
considered. 

Foematios or PniMABy (IimaiBLE) Oxtob 
Films — Most metals undergo oxidation on 
exposure to air or oxygen. The process may 
be regarded as reversible, » e. M + O^MO, 
■fne iurect'ion hepenhmg upon Vne pressure o1 
atmospheric oxygen. The mmimum pressure 
requir^ to send the reaction to the right is, 
however, for base metals excessively low at 
ordinary temperatures and for noble metals 
excessively high ; this, in fact, constitutes a 
useful distinction between these classes of 
metals. It is now known that apparently clean 
surfaces of metals are frequently covered with 
invisible films of oxide and the propeitiea of 
these thm films have withm recent yearn been 
studied by gravimetric, optical, pboto-eicctnci 
and electron-diffraction methods. 

The invisible oxide film on copper confers 
marked protection against tarnishing (infra) 
provided that the thickness exeeds a critical 
value which appears to be such that the nmt 
Lattice of cuprous oxide is completed for the 
whole surface iVemon, J.C.8. 1026, 2373). 
Rato of oxidation increases rapidly with tem- 
psrature, the relationship being given by the 


equation i log W/dT“— Q/RT*, where IV 
corresponds to corrosion rate (conveniently 
weight increment after a given time) and T is 
the absolute temperature. This expression, 
which is identical in form with the empirical 
equation of Arrhenius, was developed inde* 
pendcntly byI)unn(Proe. Roy. Soc. 1926, lllA, 
203) from quantum prmciples for the special 
case of metallic oxidation. For copper, experi- 
mental agreement (linear relationship between 
log W and 1/T) bos been established from GO’ 
to 200® (V'emon, ibid.) and, without change of 
conatanU, from 250° to 600° (0. F. Hudson et al , 
J. Inst. Metals, 1929, 42, 243). The lower range 
includes the temperatures withm which charac- 
terutio interference (“ temper ”) colours are 
produced, first, second, and third orders of 
colours being discernible. The relationship 
between oxidation and time throughout both 
ranges of temperature is given consistently by a 
quadratic parabola, as would be expected on the 
view that thickening of the film proceeds by 
lattice diffusion of oxygen through an envelope 
the contmmty of which is always maintained. 
The thinner films have been identified by 
Daebyshire (Trans. Faraday Soc. 1931, 27, 675), 
using electron-diffraction methods, as conaistuig 
of cuprous oxide, Cu^O; this has a lattice 
structure very similar to that of metallic copper, 
and there can be no doubt that the process u 
one of direct oxidation, At ordinary tempera- 
tnres, in atmospheres of appreciably high 
relative humidity, the process appears to be 
more complex and it is probablo that hydroxide 
enters into the composition of the film. 

For alnminium and for lead, oxidation time 
curves show an extremely protective type of 
film; exponential in form in the early stages, 
the corves rapidJv flatten towards the time axis, 
with which they Mcome nearly parallel m about 
10 days, the estimated thicluiess of film then 
being about Il>~* cm. Preston and Bircumsbaw 
(Phil. Mag. 1936, 22, 654) hare shown by 
electron diffraction that the oxido film on 
alumimum at room temperatuie la amorphous 
and that cryatalLsation does not commence until 
the temperature reaches 680°. Zinc is remark- 
able inasmuch as in ordinary air (free from local 
pollution but containing the usual traces of 
imporliied) ozihation lohows a linear re'iat'ion- 
ship wnth time. The interpretation of this is not 
altogether clear, but is probably associated with 
the breakdovm and repair of the primary film. 
The mam film is granular in structure and docs 
not show interference colours ; access of atmo- 
sphere to the metal must bo assumed to take 
place through relatively wide interstices in the 
film instead of by diffusion through a coo- 
turaous envelope (Vernon, Trans. Faraday Boc. 
1927, 23. 159). 

The formation of the invisible oxide film on 
iron presents a number of distinctive features. 
It was formerly thought that in the absence of 
factors that give rue to rusting the oxide film 
at ordinary temperatures ceases to thicken, 
whilst stUl extremely thin, almost immediately 
after formation. It has, however, been shown 
(Wtnon, Tram. Faraday Soc. 1935, 31, 1668) 
that growth of film proceeds continuously, 
although on ordinary mauivo metal inter' 
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ference colours do not develop unless the 
temperature rises above a critical value of very 
nearly 200°. Below this temperature the 
film takes on a brownish appearance which, 
beyond darkening, undergoes no further change 
on prolonged exposure. At higher temperatures 
the first brown or “ straw ” colour progresses 
continuously through the familiar sequence of 
“ temper colours.” Relationship of oxidation 
with temperature follows the equation 

dlogW/dT=-Q/RT2 

above and below the critical temperature, 
at which there is a change of constants resulting 
in an increased slope of the log W— 1/T curve at 
the higher temperatures. The oxidation-time 
curves are quadratic parabolas above 200°, 
but below this temperature they are modified 
considerably and correspond approximately 
with the empirical equation W^'®=K1. Electron 
diffraction evidence has confirmed that these 
changes are associated with a change in the 
structure of the primary film, i.e. yFe^Oj 
below and aFejOj above 200° (Preston and 
Bircumshaw, per Vernon, ibid. 1677). See also 
H. R. Nelson, “ The Primary Oxide Film on 
Iron,” J. Chem. Physics, 1937, 5, 252. 

Some of the primary oxide films may be 
removed from the metal by suitable stripping 
processes. The oxide film produced on alumin- 
ium by heating in air was isolated (Seligman and 
Williams, J. Inst. Metals, 1920, 23, 169) by 
dissolving away imoxidised metal in hot nitric 
acid, and that on ordinary unheated aluminium 
(Withey and Millar, J.S.C.I. 1926, 173T) 

by volatilising the metal as chloride in a 
stream of dry hydrogen chloride; a similar 
method was used (Sutton and Wfilstrop, J. 
Inst. Metals, 1927, 38, 259) for isolating the 
film from anodioally-oxidised aluminium. Evans 
(J.C.S. 1927, 1020, Evans and Stookdale, ibid., 
1929, 2651, isolated oxide films from iron 
and steel by the action of a saturated 
solution of iodine in 10% aqueous potassium 
iodide, or by anodic attack of the iron in a 
solution of sodium chloride ; the films obtained 
were either fragmentary or complete according 
to the temperature and time of previous 
exposure. 

Thin oxide films on iron have been studied 
spectrophotometrically by Constable (Proc. 
Roy. Soc. 1927, 115, A, 570 ; 1928, 117, 376), 
optically by Tronstad (Trans. Faraday Soc. 
1934, 30, 362) using a special technique (reported 
in a long series of papers) depending on the 
change in properties of a beam of polarised 
light after reflection at the metal surface, and 
electrometrically by Miley (Carnegie Schol. 
Mem., Iron and Steel Inst. 1936, 25, 197) who 
measured the milli-coulombs of electricity 
required to reduce the film. Valuable contribu- 
tions have been made by each of these methods, 
but the thickness of the film cannot yet be 
stated with certainty and this branch of the 
subject is in active development. 

High-Tempera.tube Oxidation. — ^The pro- 
perties of oxide films or “ scales ” formed at 
temperatures higher than those hitherto con- 
sidered become of importance in many industrial 
operations. Pilling and Bedworth (J. Inst. 
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Metals, 1923, 29, 529) found that the ordinary 
metals could be grouped in two divisions 
according to the relation between the densities 
of the metal and the corresponding oxide. 
Thus, if the oxide occupies a greater volume 
than the metal from which it is produced, 
then the film or scale is under a lateral com- 
pression which maintains it in a compact and 
hence protective condition (neglecting possible 
cracking which may occur under certain con- 
ditions), whereas if the oxide occupies a smaller 
volume its more attenuated condition deprives 
it of protective value. The first group is repre- 
sented by most of the heavier metals, typically 
copper, iron and nickel, the second group by 
certain of the light metals, typically calcium 
and magnesium. A further corollary of the con- 
tinuous nature of the film in the first group is 
the appearance of interference colours at 
appropriate thicknesses and also the quadratic 
relationship between film thickness and time. 
The latter follows because the rate of difiusion 
through the continuous envelope is inversely 
proportional to the thickness reached, i.e. 
dVi ldt=h-il'W , or W®=21:j^<-|-K, where W repre- 
sents thickness of film in time t, and K is 
negligible over a wide range of temperature. 
On the other hand, films of the second group 
are characterised by absence of interference 
colours and by a Ihiear relationship between 
film thickness and time, i.e. W=lCit. Alu mini um 
behaves anomalously for a light metal, because 
its oxide/metal density ratio places it in the 
first group and its oxide film is in fact extra- 
ordinarily protective. On the other hand, it 
neither exhibits interference colours nor is its 
oxidation/time curve a quadratic parabola ; 
actually the deviation is in the direction of a 
cessation of oxidation, the explanation of which 
is still not altogether clear, although it is 
obviously associated with some special property 
of the alumina film. Preston and Bircumshaw 
(i.e.) showed that the vitreous film formed at 
lower temperatures crystallises slowly when 
heated at 680° to form yAl^Og. In the case 
of iron the constitution of the scale becomes 
more complex at higher temperatures. PfeU 
p. Iron and Steel Inst. 1929, 119, 501) has 
identified three distinct layers, of which the 
outside layer is lowest and the innermost 
layer the lughest in iron. Pfeil concludes that 
the oxidation of iron at these temperatures does 
not proceed by the simple “ one-way ” diffusion 
of oxygen through the scale to the metal, but 
by a “ countercurrent diffusion ” in which 
iron also passes outwards through the scale 
layer. Pfeil points out that this mechanism 
does not preclude a parabolic relationship 
between time and oxidation (Portevin, Pretet 
and Jolivet, infra, found the parabolie law to 
hold good for pure iron at 825°, 950°, and 1,000°), 
but it serves to explain a number of peculiarities 
in the scaling of iron and iron-rich alloys. 
The work of Wagner (Z. physikal. C!hem. 1933, 
39, 328 ; 1934, 40, 521) suggests that a similar 
mechanism may apply in the case of other oxide 
and tarnish films {see also L. E. Priee, Chem. 
and Ind. 1937, 56, 769, Hoar and Price, Trans. 
Faraday Soc., 1938, 34, 867). 

Relationship with temperature follows in 
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general the equation already given for low 
temperature films {supra), i.e. 

d log W/rn'=-Q/RT*. 

(In the case of iron the break in the log W— 1^| 
curve at 200° may be convemently regarded as 
dividing “ low temperature ” and ** high 
temperature ” oxidation ) The uzufomuty of 
this relationship is dependent upon the atmo> 
sphere remaining unpolluted. For example, 
minute traces of hydrochloric acid have an 
extraordinarily marked stimulative effect upon 
oxidation rate at all temperatures, the 
mechanism being probably catalytic in character 
(0. F. Hudson, Herbert, Ball and BueknaU, 
J. Inst, hletals, 1929, 42, 221). Substances euch 
as carbon dioxide and steam which are neutral 
at lower temperatures become actively oxidiaing 
towards iron and steel at high temperaturca, 
whilst a small amount of sulphur dioxide may 
profoundly increase the rate of oxidation. The 
infiuence of furnace gases containing these 
substances has been mvestigated by J. 'W. Cobb 
and collaborators, W. H. Hatfield, C Upthe 
grove, and other workers (see " Review of 
Oxidation and Scaling of Heated Sohd Metals,” 
H.fiIS0, London, 1035). 

The problem of heat treating iron and steel 
work in neutral atmospheres (“ close anneabng *’) 
with the object of avoiding subsequent 
“ pickling “ for the removal of scalei has 
received much attention industrially, and various 
suitable types of furnace are now available 
The difSculty of this problem arises from the 
extremely low pressure of oxygen or other 
oxidising gases that is needed for oxidation to 
occur and the difficulty obviously increases con 
sidcmbly with rise of temperature. 

Alloys for resistmg oxioation at high tempera* 
tures most frequently have iron, nickel or (for 
the lower limits) copper as the basis metal with 
additions, most usually, of chromium or 
aluminium. These metals have a remarkable 
influence on tbe oxidation/time relationship, 
the normal parabolic curve bemg depress^ 
towards tbe time axis This effect, which 
becomes more marked with increasing alloy 
additions, has been shown for aluminium on 
brass by Dunn (J. Inst. Metals, 1931, 48, 42), 
and for aluminium and chromium on iron by 
Fortevm, Pritet and Johvet (Rev. Met. 1934, 
31,186). For furtberinformstion on this subject 
tbe D S.I.R. ” Review of Oxidation and Scaling ” 
(supra) should be consulted. 

” Tabnishiso,” “FooarBo,” Resnno 
(Bbeaedoivk of PmsiiKT Oxide Filus). — 
On exposure of metals at ordinary temperatures, 
under sheltered conditions, other phenomena 
besides tbe formation of oxide films usually 
intervene. The typical cases of copper (with zinc 
and brass), nickel and iron will be considered. 

The characteristic feature of copper at low 
relative humidities is its susceptibOity to tarnish* 
ing by extraordinarily minute traces of sulphur 
compounds, corresponding m their effects to 
hydrogen s^phide although their precise nature 
is uncertain. The reaction is typically of tbo 
metal-gas type ; it is greatly facilitated by lise 
of temperature, and is hindered by the presence 
of thin film* of moisture. The characteristic 


colours are generally beheved to be due to the 
interference of light in a continuous transparent 
film. Although homogeneous physically, this 
ts composed of a mixture of cuprous oxide and 
cuprous sulphide (extremely similar in lattice 
structure) with a large preponderance of 
cuprous oxide. The curve connecting thickness 
of tarnish film with time is essentially a quad, 
ratio parabola ; when once started this develops 
with remarkable regularity and is quite un- 
affected by wide fluctuations in tbe degree of 
atmiMpheric pollution. In other words, the rate 
constant is dictated by properties of the initially 
formed film, which in turn depends on the con 
dItiODS of atmospheric pollution which prevailed 
when tbe clean specimen was first exposed. An 
extreme case is presented whenattheoutsettheair 
la pure or nearly pure— -a condition that may be 
realised during summer months in the absence of 
local pollution. Exposure for a sufficient time 
then produces an mvisiblefilm of oxide which 
confers immunity from tarnishing on subsequent 
exposure to atmospheres containing the usual 
content of reactive sulphur. A similar effect is 
produced by preheating in air, when the 
minimum thickness required for protection 
(supra) IS obtained by an hour's exposure at 
75®. The film of oxide serves effectively to 
keep sulphur atoms out ; on the other hand, a 
thin film of sulphide, by facilitatmg entry of 
both sulphur and oxygen atoms, increases the 
rate of subsequent tarnishing. Tbe parabolic 
oxidation/time curve of copper, tbe continuous 
film of reaction product, and tbe cbaracterutio 
interference colours are in marked contrast to 
the linear relationship given by zinc, the 
granular nature of the reaction product, and the 
absence of interference colours. The behaviour 
of brass is mtermedjate between that of copper 
and of zinc, the oxidation/time curve Ming 
compounded of tbe parabola and the straight 
line. The microstructuro of tarnished CO-40 
brass shows that the alpha (copjicr rich) 
coDstituent behaves similarly to copper, giving 
a contmuous tarnish film, whilst the beta 
(zioc rich) constituent shows the discontinuous 
(granular) structure that characterises the film 

I zme (Vernon, Trans. Faraday Soc. 1924, 19, 

18; 1927, 23, 159). 

The tamisfong of silver by sulphides is 
dependent on the presence of oxygen (Hahn. 
Z. anorg. Cbem. 1917, 99, 118). The loss of 
reflectivity of silver and silver alloys m indoor 
atmospheres is also greatly dependent on tbe 
surface condition (Vernon, 1924, ibui ). Reflec- 
tivity methods for following the tarnishing of 
copper, silver and nickel alloys have been 
developed by Kenworthy and Waldram (J. 
Inst Metals, 1934, 55, 247) and W. P. Digby 
(J. Boy. Meteorol. Soc., 1937, 63, 1C3). The 

reaction, 3SOj -> S-I-2SO,, which IB stimulated 

by light (Konstantmova Schlezinger, J. Phy*. 
Chem. (H.S.S.R.), 1935, 6, 601) may play a part 
in tarmshing processes, since silver and copjicr 
are known to be susceptible to attack by 
ekmental sulphur at ordinary temperatures 
and the main sulphur-containing impurity in 
air is normally sulphur dioxide. Light also 
stimulates appreciably the ” fogging ” o* 
nickel (ta/ra). 
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In the processes so far considered, rate of 
attack is controlled mainly by properties of 
surface films. Nickel provides an example in 
which relative humidity becomes a controlling 
factor (Vernon, J. Inst. Metals, 1932, 48, 121). 
In indoor atmospheres the polished surface 
frequently takes on a creamy-white film, a 
phenomenon conveniently described as 
“ fogging.” Here the mechanism is entirely 
different from that of tarnishing. First, the 
action depends on the presence of traces of 
sulphur dioxide as distinct from hydrogen 
sulphide (supra). But whereas the tarnishing 
effects of traces of hydrogen sulphide are 
displayed characteristically at low relative 
humidities, the corrosive effects of sulphur 
dioxide come effectively into operation only 
vhen the humidity exceeds a critical value in 
the neighbourhood of 70%. Thus, a polished 
surface of nickel either retains its brightness 
indefinitely or rapidly assumes a creamy film 
according as the relative humidity remains 
below or rises above the critical value. The 
initial mechanism most probably consists in the 
catalytic oxidation of atmospheric sulphur 
dioxide at the metal surface and the reaction 
of sulphur trioxide with water to give sulphuric 
acid. In the early stages the film contains free 
sulphuric acid and may be removed simply by 
wiping with a cloth; later it passes into a 
basic sulphate which cannot be removed without 
abrasion of the underlying metal. A similar 
process takes place with copper, but the magni- 
tudes involved are of entirely different orders. 
With copper a definite concentration of sulphur 
dioxide has been recognised (approximately 
0'9%), which must be exceeded for free sulphuric 
acid to appear; with nickel, this minimum 
concentration, although unknown, is excessively 
low and falls weU within the amounts normally 
present in the atmosphere. Thus, under 
ordinary conditions, above the critical humidity, 
the influence of sulphur dioxide is very marked 
on nickel, but trifling on copper, whilst below 
the critical humidity the influence of hydrogen 
sulphide is marked on copper and (within 
ordinary atmospheric limits) negligible on 
nickel. Copper-nickel alloys, therefore, may 
show either one effect or the other, falling off in 
intensity either from the copper or the nickel 
end of the series, according to the relative 
humidity of the atmosphere. 

The rusting of iron presents a number of 
points of contrast with each of the foregoing 
processes and constitutes a well-defined third 
type of attack. It is commonly stated that 
“ iron does not rust above the dew-point,” 
but this is erroneous for most conditions. 
For example, in an ordinary room atmosphere 
the relative humidity of which is kept at a 
low value by artificial means, an initially clean 
surface may undergo very considerable rusting. 
A distinguishing feature is that the attack 
commences at isolated, sporadically distributed 
centres ; even at a relatively advanced stage 
the discontinuous nature of the rust can be 
detected -ndth the aid of a lens. Two further 
points must be observed. (1) If, after the iron 
has been allowed to rust in the maimer described, 
the relative humidity is increased to a high 
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value (but stiU short of saturation) the rate of 
rusting increases enormously. (2) If the 
initially clean specimen is screened behind a 
single thickness of muslin (in form of a “ cage ”) 
so as to intercept suspended particles,' rusting 
does not occur and the original bright surface is 
maintained (Vernon, Trans. Faraday Soc. 1927, 
23, 169). It follows from (1) that critical 
humidity phenomena in the case of iron have a 
special significance, and from (2) that iron 
is extraormnarily susceptible to the influence of 
suspended (disperse) particles of solid or liquid 
matter in the atmosphere. The screened 
condition is favourable for the development of 
the primary invisible oxide film already dis- 
cussed, and if a specimen has been so exposed for 
a sufficient length of time, it enjoys a certain 
degree of immunity from rusting on subsequent 
normal exposure. After a considerable time-lag 
as compared with a freshly- cleaned specimen, 
the primary film breaks down and rusting 
proceeds in the usual discontinuous manner. 

The influence of both gaseous and solid 
pollution on the rusting of iron in relation 
•to the relative humidity of the atmosphere has 
been studied (ibid. 1935, 31, 1678) by experi- 
ments in which humidity was increased in steps’ 
from zero at the start to a maximum of 99%. 
The following conclusions are based on these 
experiments. A similar series of changes 
occurs either on initially clean specimens in 
atmospheres containing traces of sulphur dioxide, 
or on specimens initially “ inoculated ” with 
traces of various substances in an otherwise 
pure atmosphere. In either case primary and 
secondary critical humidities are exhibited 
(Fig. 2). The former, which occurs at 60 to 
60% R.H., marks the point at which breakdown 
of the primary film occurs and attack on the 
metal commences. The surface becomes 
gradually covered with a very fine “ rust,” 
beginning at isolated centres, but even prolonged 
exposure fails to produce severe corrosion ; 
the rust that is formed, however, is in a peculiar 
physical condition and is potentially extremely 
active. Thus, at the secondary critical humidity 
(approximately 80% R.H.) a relatively enormous 
increase in corrosion occurs, with the production 
of ordinary red rust. This greatly increased 
attack is due entirely to properties of the 
primary rust, for it proceeds just as rapidly if 
sulphur dioxide (when this is the initiating 
cause) is completely removed from the system 
just before the critical humidity is reached. 
The first critical point is associated with 
optimum atmospheric conditions for the com- 
mencement of rusting. The second point must 
be associated with certain physical properties of 
the initially formed rust; it is explained by 
Patterson and Hebbs (Trans. Faraday Soc. 
1931, 27, 277) on the basis of Zsigmondy'^s 
theory of gel structure. At the lower humidities 
water is held closely within the capillaries of the 
gel (the primary rust) and there is a state of 
mutual compression between rust and water; 
at the secondary critical humidity the capillaries 
are filled, the state of compression is released, 
and water is free to pass from the surface of 
the rust to the surface of the metal. As a 
matter of practical interest it may be observed 
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that the phenomenal increase in attack at this 
pomt probably contnbutes materially to the 
removal of a protective coating, when, througli 
porosity, rusting once occurs beneath it 
Particles of solid matter which commonly 
enter into atmosphenc pollution fall, from the 
corrosion standpoint, into three groups; (a) 
intrmsically active (dissociating mmeral salts) 
such as ammonium sulphate in the neighbour- 
hood of towns or sodium chloride near the eea; 
(6) intrmsicaUy neutral hut capable of adsorbing 
active gases from the atmosphere, t g. vanous 
forms of amorphous carbon; (e) intrinsically 
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neutral with negligible capacity for adsorption, 
such as crj’stalhne sihcs. Only particles of the 
first two types are important in atmospheric 
corrosion. With the first, the combined presence 
of traces of sulphur dioxide in the atmosphere 
and particles at the metal surface produces 
effects at the secondary critical hnnudity that are 
almost exactly additive. When, however, the 
particles are capable of adsorbing sulphur 
dioxide and so increasing its local concentretiOD 
at the metal surface, the effect is more than 
additiv e ; for example, charcoal particles have a 
relatively enormous stimulative influence in the 
presence of traces of sulphur dioxide. Doubtless 
a similar effect is produced under service 
conitions by carbonaceous particles normally 
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present in urban atmospheres. These several 
peunts are iUustrated by the curves in Fig. 2. 

The influence of carbon dioxide on the 
atmospheric corrosion of iron has m the past 
been regarded as of considerable importance. 
Accordmg to the old *' acid theory,” a trace of 
carbon dioxide permits unlimited attack for 
the reason that the first.formed product, 
assumed to be ferrous bicarbonate, hydrolyses 
to give ferric hydroxide, with liberation of 
carbon dioxide, whereby a further equivalent 
cpiantity of iron is attacked. Investigation 
(Trans. Faraday Soc. 1935. 31, 1693; see aho 
Proc.C^em. Eng. Group, SCI, 1937, 19, 19) has, 
however, shown this view to be untenable. So 
far from stimulating the corrosion of iron, carbon 
dioxide, at concentrations in the neighbourhood 
of and also considerably higher than the 
normal atmospheric content, has a marked 
repressive effect at ordinary temperatures 
This has been shown for a variety of conditions, 
both “ supersaturated ” and unsaturated, and 
including the case where traces of sulfur 
dioxide (by which the attack is initiated) 
remain in the system. The effect appears to be 
directed towards the suppression of the extra* 
ordinary change at the secondary critical 
humidity. For most conditions the corrosion 
actually observed must depend on tbo balance 
between carbon dioxide and sulphur dioxide in 
the atmosphere. The influence of carbon 
dioxide on the corrosion of ttne, particularly 
under “ supersaturated ” conditions, is m 
marked contrast. In the absence of sulphur 
dioxide the effect is repressive, as for iron, 
although not to such a marked degree ; when, 
however, sulphur dioxide is already present the 
addition of car^n dioxide stimulates further 
corrosion. 

OpKK-ArB Corrosion.— M any of the fore- 
going remarks apply equally to indoor and to 
open air corrosion, except m so far as the latter' 
IS affected by rain. The influence of this 
factor is not necessarily adverse ; it may even 
be favourable if it removes a corrosion product 
that is acid or hygroscopic m character, as with 
nickel, or if ram la able to assist in the develop- 
ment of a product having protective qualities, 
ae with copper. .On the other hand, the rate of 
attack may be increased by the breakdown or 
removal of an otherwise protective coating. 

In this country rain invariably carries dissolved 
sulphates ; sulphur dioxide in slight traces is 
also widely disseminated and may be regarded 
as a normal atmospberic constituent (Both 
eohd and gaseous pollution are maximal in 
wmter and minimal in summer.) The primary 
constituent of atmospheric corrosion products 
w in consequence usually the normal metallic 
sulphate which, by hydrolysis, may yield either 
hydroxides or basic sulphates, or in some cases 
carbonates through contact with carbon dioxide. 
Near the seaboard, cblondcs or basic chlorides 
may predominate unless a town is near. It is 
evident that the attack on the metal may 
involve either the removal of a soluble salt or 
the asaimilntion of an insoluble deposit. To 
denote such processes as these Friend^ has 
proposed the terms “ erosion ” and “ surrosion ' 
(Ft. awr, on). By erosion is usuaUy xmderstood 
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the removal of a metal entirely by meehanical, 
as distinct from chemical, processes. Neverthe- 
less, in atmospheric corrosion some distinction is 
useful because frequently the two processes take 
place simultaneously, and hence the ultimate 
change in weight of the specimen or structure 
is the resultant effect of the two. The endurance 
of a metal may thus depend on its ability to 
develop a covering, in inland atmospheres, of 
basic sulphate, or in marine atmospheres of basic 
chloride. ' 

The green patina on copper, the corrosion 
product after exposure (in this country) of some 
10 to 20 years, was formerly thought to consist 
of basic copper carbonate and was attributed 
to the action of carbon dioxide as present in 
unpolluted air. Analyses of typical patinas 
show that in inland districts the product 
consists essentially of basic copper sulphate, 
associated with a minor proportion of basic 
carbonate, the latter being highest in town and 
least (typically 2-75%) in country samples 
(Vernon and Whitby, J. Inst. Metals, 1929, 42, 
181 ; 1930, 44, 389; Vernon, ibid. 1933, 62, 
93 ; J.C.S. 1934, 1853). Near the seaboard 
the sulphate ion in the patina is replaced by 
more or less chloride, but when urban and 
marine conditions coincide basic sulphate greatly 
predominates over basic chloride. In all cases 
the patina contains a certain amount of ex- 
traneous wind-home material. Basic copper 
carbonate is thus accessory either to basic sul- 
phate or basic chloride and is most probably 
formed by partial hydrolysis of the initially- 
formed characteristic salt in the presence of 
carbon dioxide. Copper is not converted to 
green basic carbonate, as usually supposed, 
merely by exposure to moist air containing 
carbon dioxide ; either the metal must be 
completely immersed in the aqueous solution or 
the attack must be initiated in some other 
way. Small amounts of organic carboxylic 
acids are particularly active in facilitating the 
formation of secondary basic carbonate and are 
probably largely responsible for the relatively 
high proportion of basic carbonate in urban 
samples. In districts sufficiently remote from 
both to\vn and sea (a condition not realised in 
this country) the green patina does not appear. 

The formulse to be ascribed to the basic salts 
in the copper patina depend on the period of 
exposure, maximum basicity being reached only 
after about 70 years. In the case of basic 
sulphate and basic chloride 1 molecule of the 
normal salt is then associated with 3 mole- 
cules of copper hydroxide. The formulre thus 
correspond with the co-ordination compounds, 
[Cu{( 0 H)i.Cu} 3 ]S 04 and [Cu{(OH)5,Cu}3]Cla 
each of which is represented in nature by a 
mineral, brochantite and atacamite respec- 
tively. Associated basic carbonate has a 
limiting basicity of only 1 : 1, as in the mineral 
malachite, CuC 03 'Cu( 0 H) 2 . Younger pro- 
ducts contain higher proportions of normal salt, 
considerable amounts of which (sulphate or 
chloride) are leached out in the early stages by 
the action of rain ; it is this process which 
gives rise to the familiar disfiguration of stone- 
work underlying copper or bronze structures. 
On the other hand, the green basic salt, long 


OR METALS. 

before its final basicity is reached, is insoluble 
in water, and affords protection to the metal. 
This accounts for the longevity of copper roofs 
and suchlike, of which there are many notable 
examples. There is, however, some evidence 
that an imderlying thin film of cuprous oxide 
may play a part in the protection. Arsenic is' a 
usual constituent of these old roofs, and this 
element has been found to reduce the corrosion 
of copper sheet in the comparatively early 
stages. 

An important directional effect, associated 
■with the influence of prevailing winds, should 
be noted. Many copper structures have the 
green patina developed more perfectly on the 
■windward side, particularly if this is directed 
towards a distant town or towards the sea. A 
similar principle will obviously apply to other 
metals in which the corrosion product is not of 
the protective type, with less desirable effects. 

The tendency to build up a protective, 
insoluble coating on exposure to the open air, 
very strong in the case of copper when once 
the early stages have been passed, is usually 
negligible for ordinary iron and steel. (This 
statement refers to conditions in this and other 
industrial countries; but cases are on record 
where solid and gaseous pollution have been 
sufficiently low to permit the formation of a 
protective coating in the course of long exposure. ) 
Under sheltered conditions, depending largely 
on meteorological and pollution factors, the 
first-formed rust may actually accentuate 
subsequent corrosion. Under conditions, how- 
ever, such that from the outset the air is almost 
continuously saturated with moisture, an 
approximately linear relationship with time 
is followed when once the specimen is covered 
■with rust. Similarly, on prolonged e.xposure to 
the open air, the initial effect observed under 
less drastic conditions forms only a small part 
of the .total corrosion, and again an approxi- 
mately linear relationship between corrosion 
and time is followed, the total corrosion being 
roughly directly proportional to the total 
amount of pollution that reaches the specimen. 
The atmospheric conditions prevailing in the 
very early stages of exposure exert, however, 
a very great influence in determining the 
snbsequent rate of attack. The importance of 
this factor in tarnishing has been mentioned. 
In open-air corrosion it was demonstrated by 
J. C. Hudson (Trans. Faraday Soc. 1929, 23, 
177, 475) for a series of non-ferrous metals 
which yielded the following mean relative 
values ; summer, 100 ; autumn, 187 ; winter, 
261 ; spring, 154. Similar seasonal effects for 
ferrous materials have been reported by 
Schramm and Taylerson in the United States 
(1934, infra), while Daeves' in Germany (Natur- 
■wiss. 1936, 23, 655) has observed marked 
differences in country and town atmospheres. 
G. Schikorr (Z. Elektrochem. 1936, 42, 107) 
reported on two parallel series of field tests 
carried out in Berlin and in the Gnmewald, 

7 km. distant. Fresh specimens of iron were 
exposed month by month and rate of rusting 
correlated ■with meteorological data ; hygro- 
metric conditions were very similar, relative 
humidity in each case being maximal in ■winter 



374 


CORROSION OF JIETALS. 


and minimal in summer. In the purer atmo- 
spheres the fluctuations in relatire humidity 
produced comparatively Uttle effect on rusbng, 
but In the city there was a marked degree m 
paralJeLsm between the monthly corrosion 
values and the means of the montUy humidity 
readings. These results are in harmony with 
laboratory work which shows that increase of 
relative humidity, up to saturation, has either 
a negligible or a profound effect according as 
gaseous or solid pollution is absent or present. 

The influence of climatic conditions has been 
investigated for marme atmospheres in long 
penod field tests of the Institution of Cinl 
Engineers (specimens of various irons and 
steels exposed at Halifax, Auckland, Plymouth 
and Colombo) the results of which have been 
described by J Newton Friend in a senes of 
reports, the 10 year testa were the last to be 
described in detail (“ Deterioration ofSlnicturea 
Exposed to Action of Sea Water,” XVth Rep , 
Inst. Civ, Eng, Xiondon, 11 hl.S 0 , 1935) 
representing up to 15 yeara' esposure They 
have been surveyed generally by Robert) 
Haclfield and S A Nam (1936, 1 c ) Climatic 
conditions are also in course of investigation 
m a comprehensive senes of field tests estab 
hshed by tbe Corrosion Committee of the 
Iron and Steel Institute and the British Iron 
and Steel Federation, under the chairmanship 
of W, H Hatfield These tests, which are 
conducted at fourteen stations distnbuted in 
various parts of the world, have been deaenb^ 
in detailed reports by J. C. Hudson (e.^ Vth 
Corr Ctte , Iron and Steel Inst , 1938). 

The accompanying data (Table I) are taken 
from, a table given by Hudson (1937, tn/ni). 


Table I. j 

Raizs or Cokbosiom or Inaor Iboii awn Zno. ' 


Station 

Years' 

Hate ofeorro- 
aloti (I0“* la 
per year) 

Ratio. 

Iron 

Zinc 

Khartoum 

1 

42 

21 

20 

Khartoum 

5 

18 

8 

23 

Abisko, N. Sweden 

1 

172 

26 

C6 

Aro, Nigeria 

1 

449 

53 

85 

Basrab, Iraq 

1 

459 

38 

121 

Singapore . 

1 

010 

44 

13 9 

Apapa. Nigeria 

1 

815 

45 

18 1 

Bedcar . 

5 

1,590 

{531) 

(3 0) 

Famborough . . 

5 

1,840 

89 

207 

Llanwrtyd Wells . 

1 

2,100 

118 

17 8 

Calshot .... 

1 

2,450 

133 

J84 


1 

2,620 

174 

151 


1 

3,300 

185 

I7K 

Woolwich . 

1 

3,690 

149 

24 8 

Woolwich . 


2,690 

1&4 

16 4 

Sheffield . . . 

1 

4.390 

679 

76 

Sheffield University 

1 

6,040 

300 

16 8 


In the Fifth Report (supra) Hudson states 
that the results so far obtained do not indicate a I 
marked difference in the corrosion rates of mild j 
steel and ingot iron. The addition of 0 2-0 5% ■ 


copper reduces corrosion by about 30%, and the 
joint addition of approximately 0 5% of both 
copper and chromium by about 40 or 60%. 
The influence of alloying with larger amounts of 
chromium, etc., is discussed under “ corrosion- 
ceaistant alloys" (p. 388). Structural and 
extraneous factors must be borne in mind, 
particularly with respect to the incidence of 
wind and ram ; this aspect has been emphasised 
by Liddiard (Proe. Chem. Eng. Group Soe. 
Chem. Ind. 1937). Crevices, where water can be 
retained after the rest of the structure is dry, 
are particularly liable to become centres of 
corfosion, likewise any place which receives 
excessive impingement of ram falling from a 
relatively large catchment area. Contact with 
non ferrous metals should generally be avoided 
on account of the danger of enhanced electro- 
chemical attack, with ram water as elec- 
trolyte. 

Of other metals commonly exposed to t)ie 
atmosphere, lead, which shares wjth copper a 
wide application for roofing purposes, also 
resembles copper m developing a protectiie 
coating (probably mainly of sulphate) in 
industrial atmospheres and so assuring itself of 
of extreme longevity In comparison with 
copper, however, it suffers «stheticaUy owing to 
the absence of any pleasing patina Contact with 
new wood (particularly oak), likewise contact 
With mortar or cement, should be avoided, or else 
severe corrosion either from organic acids 
from the wood, or alkali from the cement may 
mult. 

Zme is also used successfully for roofing, but 
much more frequently (e tj. galvanised iron) as a 
protective coveting for iron, over which it has 
great superiority under most conditions of 
atmospheric exposure (supra). An acid type of 
atmosphere is the least favourable. 

Aluminium, unalloyed, is resistant to town 
atmospheres (a good example of its durability 
M afforded by the Eroa statue m Piccadilly 
Circus, London), but the magnesium aluininium 
alloy, containing from 2 to 6% magnesium, is 
advantageous, particularly with respect to the 
less rapid detcnoration of the polished surface 
Alloys of the duralumin type are liable to 
severe corrosion both in mdustrial and marine 
atmospheres, hut this may bo largely overcome 
by previous ‘‘ anodic oxidation ’’ whereby the 
t^caness of the natural oxide film is substantially 
mcieascd 

Magnesium js noteworthy inasmuch os carbon 
dioxide enters definitely into the corrosion 
reaction (Whitby, Trans. Faraday Soc. 1033, 29, 
844), for which there is a critical humidity, and 
cartonate normally predominates over sulphate 
in the (hydrated) product. Although this 
product has no protective quahties, the rate of 
corrasion.in the absence of alkali chlorides, is not 
so great as is commonly supposed. The fore- 
going metals and their alloys are also discussed 
under a later heading (p 388) 

Reference may be made to the following 
symposia on atmospheric corrosion in which 
many phases of the subject were discussed, 
t.e. in 1934 (Proc. Amer. Soc. Testing Materials) 
st^ in 1937 (Proc. Chem. Eng Group, Soc. 
Chem. Ind ). 



CORROSION 

Corrosion in Immersed Conditions. 

Although the corrosion of metals immersed in 
acids, salt solutions, or industrial Tvaters 
frequently follows an electrochemical course 
and is proportional to current flow as shown by 
Evans and Hoar (Proc. Rdy. Soo. 1932, 137, A. 
355), it is not necessarily so in all conditions. 
Patten (J. Physical Chem. 1903, 7, 153) has 
shown that hydrogen chloride dissolved in dry 
chloroform attacks zinc vigorously in spite of 
the fact that the chloroform has an extremely 
low conductivity, and experiments have shown 
that the corrosion of steel in “ conductivity ” 
water and dilute salt solutions of specially high 
electrical resistance must necessarily be largely 
Independent of current flow between attacked 
and unattacked areas. When the action is 
electrochemical a large number of factors may 
influence both the rate and distribution of 
corrosion. A particularly interesting question is : 
What are the factors which divide up the metal 
surface into areas that are anodic (relatively 
attacked) and cathodic (relatively protected) ? 
Answers that have been given are (1) physical 
differences in the metal resulting from the 
mechanical preparation of the surface, (2) dis- 
continuities or points of “ weakness ” in the 
air-formed film which overlies the metal, 
particularly emphasised by U. R. Evans, (3) the 
presence of different phases within the metal 
surface, (4) differences of concentration of 
oxygen, and of ions in solution close to the 
metal surface, (5) discontinuities such as 
crystal junctions. It seems probable that only 
slight differences are required initially to 
differentiate the metal surface sufficiently to 
start corrosion. Subsequently, the unequal 
distribution and the properties of the reaction 
products may he more important factors in 
deciding the distribution of anodic and cathodic 
zones, and this matter is discussed in more 
detail later. The nature of the corrosion 
products may also decide the rate of corrosion ; 
in extreme cases this rate may be either reduced 
to zero by self-stifling at the anodes or allowed 
to proceed at the maximum rate determined by 
such other factors as speed of oxygen supply, 
the concentration of hydrogen ions, etc., detailed 
in Table II. 

Table II. 

Factoes which may Influence Corbosion 
Rates. 

Metallic Factors. 

1. The electrode potential, which is deter- 
mined by the chemical and physical character 
of the exposed surface. 

2. The hydrogen overpotential.^^ 

3. The presence of different phases in the 
metal surface (especially in acids). 

Environmental Factors. 

1. The temperature. 

2. Partial pressure of oxygen. 

3. The rate of supply of oxygen. 

4. The concentration of H ions. 

6. The concentration of metal ions. 

^ This term is explained later, p. 370. 


OF METALS. 375 

6. The concentration and specific nature of 
other ions present. 

7. The electrical conductivity of the solution. 

8. The chemical and physical nature and the 
distribution of corrosion products. 

9. Relative movement of liquid and metal. 

For a given sample of metal at atmospheric 
temperatures and pressures the most important 
factors in approximately stagnant acid solu- 
tions are usually the concentration of hydrogen 
ions, the hydrogen overpotential, the presence 
of impurities, and the nature of the eorrosion 
product ; in many nearly neutral solutions and 
industrial waters the rate of oxygen supply is 
also important, and may be so even in dilute 
acids. In both types of condition the initial 
corrosive action may commonly be regarded as 
the passage of metallic ions, at anodic areas, 
from the crystal lattice into the solution leaving 
electrons in excess (Me ->■ Me"-f-2e) ; simul- 
taneously, an equivalent number of hydrogen 
ions, associate with electrons and leave the solu- 
tion at cathodic areas on the metal surface 
(2H'-I2e 2H). The hydrogen atoms thus 
formed may either build up molecules and appear 
as gas (2H‘^Hj) or they may react with 
any oxygen or other equivalent oxidising agent 
present to form water. 

2H‘-t-2e-l-0 -^HjO 

It will be evident that the depletion of the 
electrolyte of hydrogen ions will give rise 
to an excess of hydroxyl ions with consequent 
alkalinity in the neighbourhood of the cathode. 
Hoar (Proc. Roy. Soo. 1933, 142, A, 628) 
prefers to regard the process as a reduction of 
oxygen at the cathode 

0j-h2H20-l-4e-^40H' 

but on either view the net result is obviously 
the same. In weak acids and many salt solu- 
tions both hydrogen evolution and oxygen 
absorption may occur together, gas evolution 
being predominant in the acids and water 
formation in salt solutions. These actions can 
proceed rapidly with relatively base metals 
such as zinc and iron, and slowly or not at all 
with semi-noble or noble metals such as copper 
and gold. • Copper yields hydrogen gas only 
from boiling concentrated hydrochloric acid, 
but is corroded rapidly in many solutions in the 
presence of oxygen at ordinary temperatures 
with formation of water. Gold is attacked only 
by very powerful oxidising agents such as 
aqua regia, which evolves chlorine gas, or 
in the presence of oxygen by solutions in 
which it forms complex anions. The distinction 
between the “ hydrogen evolution ” and 
“ oxygen absorption ” types of reaction, not- 
withstanding many intermediate cases where 
the processes occur simultaneously, is of much 
significance and becomes especially important in 
the consideration of methods of protection. 

It is thus useful to consider metals from the 
point of view of their position in the Electro- 
potential Series, which is given in Table III. 
This shows the single electrode potential of 
each metal when in equilibrium with a solution 
of a normal concentration of its owm ions (t'.e. 
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of normal ionic activity) ; the potential of 
hydrogen, aa exhibited an electrode of 
platinum black eaturated with hydrogen at a 
pressure of one atmosphere, and plunged in a 
solution normal with respect to hydrogen ions, 
is used as the arbitrary zero point of a “hydrogen 
scale” in which the potentials of an other' 
metals are arranged. Ease metals, tr. those 
' below hydrogen in the table, are conventionally! 
regarded as possessmg a relatively negative 
potential, and noble metals a positive one. 
The base metals can displace hydr<^en from 
many solutions containing its lona, but the 
noble metals can only do so in epecial nrenm- 
stancea, tg. when the concentration of noble 
metal ions is kept extremely low in the solution 
by tbe formation of complex iona contauung 
the metal. The influence of concentration on 
the single potential may thus be important, and 
is expressed for any given ionic concentration, 
C, by the formula : 


E=E, 


iog,c-E.+£^5?ioe„c. 


at N.T.P., where Eg is the potential at normal 
ionic concentration, n is the valency of the 
ion involved, RT and F have their turaal 
meaning, and £ is the potential at concentra- 
tion C. 

Taels III. 

The Elcelro polentiol Serira oj Metals. 


Sletal 

Ionic state 

roteatlal (o 
volts (on 
hydrosen 
scale) 

Gold . , 

Au'" 

-(■136 

Platmum . . . 

Pf" probably 
over 

•f086 

Mercury . . . 

(Hg)," 

•fOSO 

Silver .... 


-t-OSO 

Copper . . 

Cu- 

-4-0 34 

Hydrogen . . 

H' (arbitrary 
zero) 

Pb" 

±0 00 

Lead .... 

-0 12 

Tin .... 

Sn" 

-0 14 

Nickel . . . 

Nl" 

-0 23 

Cadmium . 

Cd” 

-040 

Iron .... 

Fe" 

-0 44 

Chtoiaiuin . . 

Cr- 

-0 56 

Zinc .... 

2n” 

-0 76 

Aluminium . . 

Al- 

-1-33 

Magnesium . . 

Mg" 

-1-65 


(This table is a condensed form of Table XJCIV 
in “ Jletallic Corrosion, Passivity, and Pro- 
tection," by U. R. Evans. London, Edward 
Arnold* Co, 1937.) 

The expression "hydrogen overpotential ’’ 
which has already been used may now bo 
explained. Hydrogen gas is freely evolved from 
a surface of platinum black whenever the 
potential is made appreciably more negative 
than 0 0 on the hydrogen scale ; from the 
surface of other metals, however, a DOtaUy 
more negative potential is necessary before | 
hydrogen is produced either in the gaacoos or 


the dissolved state. The difference between 
tlm negative potential and the etpnhbnum 
potential is known as the overpotential of 
hydrogen at the surface concerned. It may be 
an important factor in determming the rate of 
corrosion in an acid ; for instance, a metal 
with a high overpotential, such as sine, will 
evolve hydrogen and corrode slowly or not at 
all if chemically pure ; but if it contains im- 
purities of low overpotential embedded in its 
surface it will corrode more quickly, smee 
hydrogen will be evolved in a continuous stream 
from the surface of such impurities. These may 
consist of another metal, alloy, metallic com- 
pound, or some form Of carbon. Metals which 
exhibit low overpotentials include platinum, 
gold, palladium and iron, while inercu^, zinc, 
lead and tin show the opposite phenomenon; 
the precise effect of any given metal, however, 
depends partly upon its surface condition 
(smoothness, etc ). 

The cause of overpotential has been the 
subject of much work and discussion, and seems 
to be connected with tbe sluggishness of one 
or both of the reactions . 

Hydrogen ion+Electron -►hydrogen (atom) 

r 2 Hydrogen (atoms) -► hydrogen (molecule) 

Referring to Table III, it will be noticed that 
tbe more generally chemically reactive metals 
have high negative potentiaU and occur at the 
bottom of the table, whereas the chemically 
elueguh metals occur at tbe top It might be 
deduced from this that tbe position of a metal 
in tbe potential series would give direct informs 
tion about Its " corrodibihty ” relative to other 
metab in the eeiies. The deduction would not 
necessarily bo true, because tbe rate at which a 
metal corrodes, i e. its corrodibility, is partly 
determined by factors independent of the metal 
Itself, such as composition and movement of 
the bquid in which it » placed, and the rate of 
oxygen supply: if, therefore, a metal bo placed 
in a solution other than that in which tho 
determination of its single electrode potential 
was made, both its position in the scries and 
its rate of corrosion may bo altered. 

From what has been said above it will have 
become clear that corrosion rates are largely 
determined by polansation at one or both 
electrodes. Polarisation at steel cathodes may 
bo duo to films deposited from certain salts in 
solution (e g. the sulphates and nitrates of zinc 
and lead) which either shut off tbe supply of 
oxygen OP other cathodic depolanser, or poison 
tho catalytic activity of the metal surface for tho 
oxidation of hydrogen to water (U. R. Evans, 
J.SC.I. 1024, 43, 32IT; Thornhill and Evans, 
Fifth Corrosion Report to the Iron and Steel 
Institute, 1038, 381). Polarisation at anodes 
may be due to the formation of “ insoluble " 
bodies m close contact with the metal surface 
or, perhaps, to a local high concentration of 
metal ions at that surface. 

The solutions chosen for the potential measure* 

ments are those in which tbe metals are freely 
•oluble and no secondary insoluble products are 
formed; in other solutions and in indiistnsl 
waters these conditions may not hold, and if they 
do not no opinion can bo gleaned from the 
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table as to the relative coirosion rates of the 
metals. To take as concrete examples the three 
metals iron, magnesium and zinc, the follow- 
ing is the order of their corrosion rates in 
the liquids mentioned, in presence of oxygen : 


Distilled water. NJIO KCI. 

Fe Mg 

Mg Zn 

Zn Fe 


Strong KOH. 
Zn 
Fe 
Mg 


The top metal in each column is the moat rapidly 
corroded and it will be noticed that any one 
of the metals may occupy any position in the 
list according to the selection made of the 
corroding Uquid. The general explanation is 
that the rate of corrosion depends largely 
on the properties of the corrosion products; 
thus, in distilled water the hydrated oxide 
formed affords less protection to iron than it 
does to magnesium or zinc, but in strong alkali 
the zinc oxide is dissolved and the metal 
is readily attacked, while the iron and mag- 
nesium oxides are almost insoluble and form 
films on the metal surface which are highly 
protective, at any rate for a considerable time. 
Iron may thus be said to become “ passive ” in 
strong alkali as well as in nitric acid and 
chromate and bichromate solutions of fairly 
high concentrations. The passivity in these 
solutions seems to be mainly due to the forma- 
tion of films of ferric oxide on the surface of the 
metal ; highly protective films are formed 
only when the precipitation of the metal as 
oxide occurs at the moment of its entrance into 
solution, and the essential condition for this is 
the presence of excess of the precipitating agent 
at the metal surface. Passivity has been 
specially studied by Evans and colleagues 
(J.C.S. 1927, 1020, and subsequent papers) and 
has been shown to occur with other metals and 
solutions, when the essential condition is fulfilled 
of the production of an-insoluble product (which 
is not necessarily an oxide) immediately at the 
metal surface and in the necessary physical state. 
Some examples of passivity may be regarded as 
the result of direct chemical oxidiation, others 
as caused by complete anodic polarisation. 
In general, a metal will only remain passive 
as long as it is immersed in the passivifying 
solution ; if removed to another liquid it will 
usually corrode because of a lowering of the 
concentration of the requisite precipitant at the 
metal surface. 

The influence of temperature on corrosion in 
neutral aqueous solutions depends in general on 
whether the system is open or closed. In open 
systems, as shown by Heyn and Bauer (Alitt. 
Kgl. Mat. Priif. 1910, 28, 62) and by Friend (Iron 
and Steel Inst., Cam. Sch. Mem. 1922, 11, 13), 
the rate of corrosion of iron increases to a maxi- 
mum in the neighbourhood of 80°, beyond which 
the normal stimulative effect of temperature is 
more than offset by the retarding effect due to 
expulsion of oxygen. In closed systems, on the 
other hand, the rate of corrosion increases 
continuously ivith rise of temperature (Speller, 
“ Corrosion, Causes and Prevention,” 1926, 
144). Nevertheless, if entry of oxygen is pre- 
vented, this initial rate must fall off rapidly 
owing to the using up of oxygen in the system. 


Thus, the total corrosion can only become 
serious if oxygen is replenished through any 
cause. Corrosion at higher temperatures, in 
strictly closed systems, when oxygen initially 
present has become exhausted, may still 
proceed toith liberation of hydrogen; the rate 
at which this reaction occurs, however, is 
usually so very much lower (with iron and 
steel and neutral or nearly neutral waters) 
that it cannot give rise to serious corrosion, 
although the presence of hydrogen from this 
cause may frequently be recognised in heating 
systems. 

The influence of light on corrosion, notwith- 
standing its theoretical interest, does not in 
general constitute an important factor in 
corrosion problems. Experimentally it is fre- 
quently difficult to separate the effect of light 
from that of temperature. General observations 
concerning the influence of light on the corrosion 
of iron in aqueous solutions have been made by 
Friend and others (Carnegie Schol. Mem., 
Iron and Steel Inst. 1922, 11, 116). Reference 
has already been made (p.370) to the influence of 
light on tarnishing and fogging phenomena. 
Under immersed conditions the particular func- 
tion of light appears to be the stimulation of 
electrochemical action. Vernon (J. Birm. Met. 
Soc. 1919, 7, 549) found that the illuminated 
areas of brass in .acid solutions became anodic. 
On the other hand, Bannister and Rigby (J. 
Inst. Metals, 1936, 58, 227 ; J. Iron and Steel 
Inst. 1936, 133, 293), in a systematic investiga- 
tion employing dilute solutions of potassium 
chloride, found that for several metals the 
cathodic process was stimulated, the effect in 
this case being dependent on the presence of 
oxygen. 

The influence of concentration of salt solutions 
is complex, but attention may be called’ to the 
fact that in the strongest solutions (concentra- 
tions exceeding, say, N/2) the rate of corrosion 
of mild steel (also zinc) falls off wdth increasing 
concentration, mainly owing to the lowered 
solubility of oxygen. Heyn and Bauer (1908) 
and Friend (ibid.) showed that in certain con- 
ditions there was a well-defined maximum or 
“ critical ” concentration, but the precisejbrm 
of the corrosion rate/concentration curve may 
be affected by various other factors (Bengough, 
Lee and Wormwell, Proc. Boy. Soc. 1931, 
134, A, 323 ; Evans and Hoar, ibid. 1932, 
137, A, 343 ; Bengough and Wormwell, Illrd 
Rep. of Corr. Ctte., Iron and Steel Inst. 1935, 
148). 

It will now be apparent that the rate at which 
a given metal can corrode in an approximately 
stagnant liquid depends partly on the com- 
position of that liquid, and that this rate may 
vary between zero and some very high figure. 
Magnesium, for instance, is passive in strong 
caustic potash solution, but ff placed in N/10 
sodium chloride will corrode so rapidly that it is 
difificult to measure the rate accurately. Iron 
is also passive in the alkali, but will not corrode 
nearly so fast as magnesium in N/10 sodium 
chloride. Reasons for this are the much more 
negative potential of magnesium, associated 
with its comparatively low overpotential so 
that hydrogen can be freely evolved on the 
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metal itself; this discharge of gas is so njnd 
that depolarisation due to oxidation of hTdrogen 
b/ dissolred oxygen plays no appreeiable part 
in the corrosion process. On iron, however, 
hydrogen gas la not eo rapidly discharged, 
and the rate of corrosion is largely detennmed 
by the rate of depolarisation, and this will 
depend on the speed of access of oxygen to the 
effective cathodic areas on the metal surface. 
This speed la determined by the convection 
currents and diffusion rates ui the particular 
expenmenial conditions studied, and if the 
N/IO sodium chloride be approximatdy stag 
nant it will be so slow that the corresponding 
corrosion rate will also be slow and far below 
that of magnesium in sinular conditions. If 
the solution be stirred the rate of corrosion of the 
iron will increase with the speed of stirring, 
but the rate of corrosion will not reach that of 
magnesium at any experimental speed so far 
tested. 

An objection to the foregoing argument might 
bo raised that owing to the rapid evolnti'on of 
gas from magnesium in N/lO sodium chloride 
the liquid can never be regarded as stagnant, 
and the companson with iron is, therefore, 
imperfect. This raises the question of the 
effects of the motion of salt solutions on 
conosion rates. 

It is not easy to produce complete stagnancy 
Id a solution since convection currents ate eel 
up by very small temperature changes and by 
evaporation, but with a minimum of motion 
corrosion rates may be low owing to two 
factors 1 

(1) Restriction of oxygen supply. 

(2) Restriction of the supply of ions to form 
soluble anodic products. 

Magnesium will not be affected by (I), emce 
oxygen plays no part m the process ; it might 
be affected by (2) if the supply of cblonde ions 
became very low in the solution owing to the 
formation of insoluble basic chlorides of mag> 
nesium. The mam corrosion product is, 
however, magnesium hydroxide, and usually 
corrosion proceeds rapidly. Iron resembles 
magnesium m not forming stable basic chlorides, 
but the rate of corrosion of zinc {in a compara 
tively limited volume of solution) slows down 
owing to the diminution of chloride ions and the 
increase of alkahnity in the solution (weak 
alkalis protect rmc, but very strong ones can 
attack It], 

With increased motion of the liquid the rate 
of corrosion of iron in A’/IO chlonde solution 
also increases, at first rapidly, and then more 
slowly, and this increase is, no doubt, mainly 
due to the increased amount of oxygen made 
available for depolarisation. The effect, how. 
ever, is not the same in all solutions ; for 
instance, in some types of hard water the 
effect of sLghtly increased motion is to raise 
the rate of corrosion, but more rapid motion 
depresses it almost, or quite, to zero (Mejro and 
Bauer, 1910, l.c.; Friend, 1922, fe.; Forrest, 
Roctheli, Brown, and Cox, Ind. Eng, Chem. 
1931, 23, 1010). Tbe distribution of corrosion 
is also gradually changed in the dirtction 
of greater localisation before complete suppres- 
sion 18 effected. This phenomenon eeema to be 


due to the formation of protective films con. 
sisting mainly of hydrated feme oxide at all 
the potentially ano^c areas. (In tbe presence 
of ions, such as chloride, iron will tend to 
travel an appreciable distance from an anode 
beforo it IS precipitated as hydrated oxide). 
Distilled water readily shows this peculiar 
form of passivity, which unfortunately resembles 
some of the other forms of passivity in the fact 
that it does not persist if the metal be removed 
irom the passivifying conditions; nor is it 
neceeaanly permanent in time even in those 
conditions. The protective film may gradually 
thicken and break down, and intense local 
corrosion may then occur. In tbe absence 
of tbo passivity just described, the rate of 
corrosion m ordmary salt solutions will mcrease 
continuously with speed of movement because 
of the large suppbes of oxygen available for 
depolarisation. Thus Speller and Kendall 
(Ind. Eng. Chem. 1923, 15, 134), using iron 
tubes which had not been ptevioualy freed 
from mat, found that corrosion increased con. 
tinuously with increase in the velocity of 
water flowing through them. 

Tho effect of motion in the case of solutions 
in which corrosion is mainly associated mth 
hydrogen evolution is different from that 
(uscus^ above. Tbe rate of conosion u 
usually depressed as the speed increases, 
apparently because of tbe rapid removal of 
hydr^en bubbles which uould otherwise form 
nuclei at which increases of gas formation 
could occur — in other words, gas is evolved more 
rapidly at an existing bubble than at a metal 
surface (Whitman, RusseU, WeQing, and 
Cochrane, Ind. Eng. Chem. 1923, 15, 672) 
Nevertheless, tbe rates of corrosion in sueh 
liquids are still so high that the possible effects 
of increased depolarisation by the rapid supply 
of dissolved oxygen are neghgible. 

Tbe effect on steel corrosion in alkali chlorides 
of oxygen pressures from one to twenty five 
atmospheres has been studied by Leo (Trans. 
Faraday Soc. 1932, 28, 707} and Bengougb 
and Wormwell (IVth Report of the Corrosion 
Committee, Iron and Steel Inst. 1936, 213). 
The effect depends largely on the experimental 
techiuqua used in raising tha pressure of tbe 
oxygen. It it be raised to two to five atmo- 
spheres before immersion of the steel in sodium 
chloride solution (N/2 or W/10,000) or in a 
hard tap-water, very Lttle corrosion occurs 
(less than 5 mg. in 10 days on a specimen with 
a surface area of 15 sq. cm ). If, however, 
the steel be first immersed in the liquid and the 
pressure raised subsequently the amount of 
corrosion m 10 days will be 120-170 mg 
according to the solution used. If air at 
10 atms. pressure be substituted for oxygen, 
t«. a partial pressure of two atmospheres of 
oxygen, the amount of corrosion in iV/2 NaCi 
will bo increased to about 36 mg. in 10 day* 
with the first method of exposure, as compared 
with about 90 mg. in the second method. _ It is 
noteworthy that the amount of corrosion in air 
is less than in oxygen at equivalent 
pressure. The amount of hydrogen evolved 
when tho second, or more usual, method of 
exposure is used is not greatly influenced by 
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increase of oxygen pressure, and the corre- 
sponding amount of corrosion is negligibly small 
in sodium chloride solutions. The corrosion/ 
time curves are straight lines which show 
increasing slopes with increased oxygen pressure 
up to about 20 atmospheres ; at higher pressures 
the corrosion rates increase but slowly, perhaps 
because the corrosion products become hardened 
and so tend to restrict the movement of oxygen 
and ions in solution. 

It will have become evident from the above 
discussion that the effect of increased supplies 
of dissolved oxygen may he negligible, stimula- 
tive, or repressive, according to the conditions of 
experiment. The fact that a high supply may, 
in certain conditions, ennoble, render cathodic, 
and protect a sample of iron or steel has led 
to the development of the “ Differential Aeration 
Principle of Corrosion.” Early work in this 
field was due to J. Aston (Trans. Amer. Electro- 
ehem. Soc. 1916, 29, 449), R. J. McKay {ibid. 

1922, 41, 201) and U. R. Evans (J. Inst. Metals, 

1923, 30, 239), the last-named having developed 
the subject in many subsequent papers. The 
principle states that a piece of metal tends 
to become anodic and attacked at places 
on its surface where the oxygen supply is 
least, and cathodic and protected where the 
oxygen supply is greatest. An example of the 
principle was considered to be the behaviour 
of zinc or steel half-immersed in, for instance, 
dilute sodium chloride solution. Since the 
oxygen supply wUl be most rapid to those parts 
of the metal surfaces which are nearest the 
liquid surface, these parts should be cathodic 
and protected, and those lower down anodic 
and attacked. Many experiments showed this 
prediction to be confirmed. It became clear, 
however, that the composition of the liquid 
affected the result ; thus, if ammonium chloride 
were substituted for sodium chloride no pro- 
tection was obtained near the water-Une. 
Accordingly, the -explanation was incorporated 
that the protection in the solution of the sodium 
salt is not due to oxygen per se but to alkali 
which is formed where oxygen unites with 
cathodic hydrogen to form -water. The alkali 
protects the metal by causing precipitation of 
ferric hydroxide on the metal at the moment 
iron ions enter solution. Thus the mechanism, 
as emphasised by Bengough and Wormwell 
(Proc. Roy. Soc. 1933, A, 140, 399), consists 
essentially in the preferential development of 
protective films at the most oxygenated areas of 
the metal. ' 

It was next found that the protection thus 
afforded -was not necessarily permanent and 
that both zinc and iron could become heavily 
attacked at, and near, the ivater-h'ne even in 
solutions of alkali chloride after long periods of 
partial immersion ; in fact, the attack might 
be so rapid as to overtake and surpass that which 
occurred at the less aerated parts of the metal. 
The e.vplanation seems to be that the film 
which is first formed is not completely pro- 
tective, but slowly thickens and finally breaks 
down owing to secular changes ; when this has 
occurred corrosion is very rapid at the breaks, 
because of the high supply of oxygen which, 
per se, normally acts as an accelerator of 
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corrosion in stagnant liquids exposed to the air 
at ordinary temperatures. An alternative 
explanation of this water-line attack -which 
begins after long periods of partial immersion is 
that the supply of alkali to the -water-line 
gradually falls owing to diminution of corrosion 
at more deeply immersed areas, which become 
covered with hardened and protective masses of 
corrosion product. 

The differential aeration principle has been 
used to explain many examples of the localised 
corrosion of iron and steel, often with little 
justification. Deposits of rust, for instance, 
have been stated to be not only the results of 
corrosion but also the causes of local attack; 
deposits of foreign bodies, such as sand, have 
been supposed to act similarly ; holes and 
crevices in metal, to which access of oxygen is 
restricted, are supposed to cause pitting. None 
of these ideas is correct generally, though 
each may be true in particular conditions. 
Differential aeration actually appears to be 
only one of the factors which can influence the 
distribution of corrosion over the surface of a 
metal in particular conditions, and is often not 
the most important (Bengough and Wormwell, 
J.S.C.I. 1937, 56, 349). Others are : - 

1. Differences in the surface conditions of a 
metal, e.g. roughnesses and phase-types. 

2. The chemical composition of the electro- 
lyte, which may become inhomogeneous when 
corrosion occurs. 

3. The geometry of the metal-electrolyte-gas 
system. 

4. Gravitational streaming. 

5. Interfacial tension effects. 

6. Breakdo-svn of protective films by “ ageing ” 
and other causes. 

7. The presence of foreign bodies, discon- 
tinuous mill-scale, etc. 

From what has already been said, it will have 
become clear that corrosion is a highly specific 
phenomenon both as regards metal and environ- 
ment, and corrosion velocities and distribution 
are difficult to predict from first principles 
largely because of the varying physical pro- 
perties of corrosion products. In a single 
experiment these properties may vary with time 
and may change, for instance, from being highly 
protective to completely non-protective. Hence 
the importance of a knowledge of long-period 
corrosion tests carried , out in many types 
of defined conditions. A series of such tests 
has been carried out (Bengough and associates, 
1926-1937) principally with zinc, iron, and 
carbon steels, and in stagnant conditions, but 
many more will be required before the subject 
can be considered to rest on a satisfactory 
quantitative basis. 

Corrosion Fatigue. — Discussion so far has 
been confined to the behaviour of metal in an 
unstressed condition. If a sample of steel, for 
example, be stressed to a definite extent and 
then immersed, the corrosion rate in acids 
is usually increased but in salt solutions is not 
much altered. If, however, the stress is 
frequently reversed during the corrosion 
process a somewhat complicated process of 
destruction or alteration of the metal may be 
set up, the result of which is not necessarily 
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identical with that which would be predicted 
from measuTeinents of the results of conoBicm 
and stress separately; it is usually touch 
more serious. Conditions that hare hMn par* 
ticularly studied are alternate tension and 
compression, alternate bending and attemating 
torsion. If by any of these means the stresses 
are varied in a regular manner through a nnge 
in u hich zero stress is the middle point, then the 
greater the range the smaller the number of 
alterations of stress a metal can withstand before 
fracture. In the absence of any appreciable 
amount of corrosion, t.e. if the erpenmentsare 
carried out in a vacuum or in a dry mcrt gas. a 
metal may be expected to withstand an infinite 
number of stress alterations provided the stress 
range is below a definite limiting value, which is 
known as the *' fatigue limit.'* Since the 
determination of this value is a very long and 
tedious process, another value, known as the 
“ endurance limit *' is often determined instead. 
This is merely a stress range which haa not 
produced fracture in a stated number of stress- 
cycles, and, as Gough (J. Inst. Metals, 1932, 
49, 17) has pointed out, has no meaning unless 
this number is given. Gough and tSopwith 
(tiid. 03) have shown that if testa be cam^ out 
in presence of air and moisture the curves 
showing the relation between stress range and 
number of cycles withstood (commonly called 
8N curves) he wholly below those conducted 
In a vacuum or mert gas, particularly with 
copper, brass, and mild steel , evidentlv corrosion 
has played a part m the result and the joint 
destructive action is an example of “ corrosion 
fatigue." hfucb more serious deterioration 
nay occur if a hquid corrosive agent, such as 
salt solution or some type of tap water, be 
present in addition to air. In such conditions it 
may be impossible to find any true " corrosion 
fatigue limit," because fracture of the metal 
may occur at extremely low stress ranges, or 
even in absence of stress, i e. by corrosion 
alone. The common practice is, therefore, to 
determine what is really an '* endurance limit ’’ 
at a stated number of cycles, but in much of 
the literature this is frequently called a 
“ corrosion fatigue ’’ limit. 

Fracture owing to corrosion fatigue begins 
with the formation of surface cracks which are 
narrow fissures with sharply pointed ends, and 
their formation and progress has been studied 
in detail by Gough and associates in a whole 
series of papers m recent years. In aluminium, 
the cracks appear to start owing to pre 
ferential corrosion along the sites of previously 
formed slipbands ; they are numerous and 
small, and are most thickly distributed "in 
the region of maximum resolved shear stress 
intensity ; they are thus directly related to the 
crystalline structure of the specimen and to the 
applied stress system." In general, the cracks 
do not follow the boundaries between the crystal 
grains, and do not necessanly start from the 
bottom of large surface pits produced by corro 
eioiu Nevertheless, stresa-eoncentration at the 
point of notches, etc,, plays a part in the 
propagation of cracks when they have once been 
started. In the opinion of Gough (i c.J the vastly 
increased velocity of corrosion under corrosion 


fatigue conditions, as compared with stresslesi 
corrosion, ia “ due to the effect of the cyclic 
strains on the porosity and rupture of tbs 
(wholly or weakly) protective films that fend 
to form under corrosive conditions.” Theie 
films are. in the writers’ opinion, identical with 
the anodic films which are believed, on quite 
other grounds, to be commonly formed on 
steel, for instance, when corroding in salt solu- 
tions or industnal waters. These films hmit 
the rate of stressless corrosion in presence of a 
particular rate of oxygen supply, but if they wers 
to suffer frequent rupture the corrosion fata 
with that same oxygen supply might be greatly 
increased. In this connection it is interesting 
to note that Speller, JlIcCorkle, and hlumna 
(Proc. Amer. Soc. Test. Mat. 1D38, 28, 
159; 1929, 29, 238) have shown that certain 
passivifying agents, such os chromates, an 
able to reduce liabihty to corrosion fatigue, 
doubtiess by repairing the anodic protective 
film aa fast aa it is fractured. 

For steel parts operating in water, the pre 
vention or amehoration of corrosion fatigue by 
various surface treatments (t g. nitridmg, 
coatings of zinc, cadmium, synthetic resms. 
etc ) or by additions to the water (e p. sodium 
dickromate and various emulsifymg oils) bos 
been discussed by Buchholtz and Krekeler 
(Stahl u. Eisen, 1033, 53, 671) and msiw others 
(ue especially, Sopwith and Gough, J. Iron and 
Steel Inst. 1037, 135, 315) In the case of 
aluminium alloys complete immunity from 
corrosion fatigue under aalt spray conditions 
was reported by Gerard and Sutton (J. Inst. 
Metals, 1935, 66, 29) from a synthetio resin 
vanush applied to an anodically oxidiaed surface 
of duralumin and stoved for S houre at 150’ 
(see also under" Corrosion of Metals : Protective 
Measures") A. J. Go^d (Engineering, 1936. 
141, 495) has shown that the endurance of steel 
wire under corrosion fatigue may be con- 
siderabiy reduced by nse of temperature. 

Rejerences — General surveys of the subject 
of corrosion fatigue, with bibhographiea, have 
been given by H. J. Gough (1932, supra) and 
by A Thum and H. Ochs, " KorroBion owl 
Mauerfestigkeit." Berkn, 1937, V.D.I. Verlag. 

Season*Cracking. — A phenomenon allied to 
eorroeion fatigue is that of ** season-cracking " 
This 19 exhibited characteristically by fabricated 
articles of certain alloys, particularly high- 
zino brasses and nickel brasses (“ nickel silvers ''] 
following heavy workmg by rolling or drawing, 
or insufhcient anneahng; action may bo long 
delayed but may result in the disruption of tbe 
artivle, sometimes whilst still in storage. As 
with corrosion fatigue, corrosion and stress are 
the two mam factors, but the latter, being static 
rather than dynamic (a survival from the 
previous history of the specimen) must be 
distinguished from the alternating stresses of 
corrosion fatigue. The corrosive agents that 
promote season-crocking are usually highly 
qiecific— e p. caustic alkalis and strong nitrate 
•olutions for mild steel, and for brass traces of 
ammonia (sometimes other atmospheric im* 
purities) or mercury; a 1% solution of mer- 
Curoua nitrate, with 1% free nitric acid, i» used 
88 a reagent for rapidly detecting season- 
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cracking proclivities in brass. In further dis- 
tinction from corrosion fatigue, season-cracks 
follow an interciystalline rather than a trans- 
crystalline course, the internal stresses tending 
to draw the crystal grains apart, hence facilitat- 
ing penetration of the co^osive agent ; it has 
been suggested that a process of “ age-harden- 
ing,” whereby some constituent is rejected from 
sohd solution at the grain boundaries, may 
play a contributory part. Season-cracking may 
be prevented by excluding the corroding medium 
by means of suitable coatings ; much the 
sounder procedure, however, is to eliminate or 
to reduce to safe limits, by appropriate heat- 
treatment, the residual stresses within the 
material. Much of the work on season-cracking 
has been carried out by H. Moore and co- 
workers; present knowledge of the subject is 
surveyed by J. D. Jevons (Metal Industry, 1937, 
50, 431). 

Corrosion by Sea-water. 

Corrosion by sea-water is a matter of such 
great industrial importance that it has received 
much attention in recent years. The extensive 
investigations of the Sea-Action Committee of 
the Institution of Civil Engineers (“ Field 
Tests on Ferrous Materials,” by J. N. Friend) 
may be especially mentioned {e.g. XVth 
Report, 2.C., 1935). Early workers in this 
field believed that a solution of sodium chloride, 
the chief salt in sea-water, could be used 
for comparative tests instead of the natural 
water itself provided it was of equivalent 
(approximately half-normal) concentration. 
Bengough and Lee (J. Iron and Steel Inst. 1932, 
123, 285) carried out experiments with the two 
and found marked differences. In sea-water, 
the corrosion of mild steel is accompanied by a 
much larger proportion of hydrogen evolution, 
which, in stagnant conditions, might correspond 
to one-half the total corrosion, but in half- 
normal sodium chloride solution only to about 
6%. An increase of oxygen supply raises the 
corrosion rate of mild steel in sea-water by a 
smaller amount than in the pure chloride solu- 
tion, and this is due mainly to the fact that 
an increase of oxygen does not much alter the 
rate of hydrogen evolution. Corrosion/time 
curves for mild steel in stagnant sea-water 
fluctuate ' about a mean position and the 
mechanism of the corrosion is probably rather 
complicated. This is only to be expected, 
since sea-water contains, in addition to sodium 
chloride, chlorides and sulphates of magnesium 
and calcium, and traces of a large number of 
other salts and organic matter. Largely, no 
doubt, on account of the last-named, it has not 
been found possible to prepare from inorganic 
salts alone a solution which would reproduce 
the corrosive effects of sea-water on mild steel. 

The presence of bacteria in sea -water may also 
assume importance in certain cases. In the 
presence of nitrogenous organic matter, micro- 
organisms of the ammonia-producing type have 
been associated (Grant, Bate, and Myers, 1921) 
with a localised attack on brass condenser tubes 
caused by the selective solution of copper by the 
action of ammonia. Such organisms have 


obviously a limited field of activity, since copper 
is the only one of the industrial metals that is 
sufficiently susceptible to attack by ammonia. 
A more general vulnerability is probably 
offered to the action of sulphate-reducing 
bacteria which are very widely distributed 
(see “ Review of the Physiology and Bio- 
chemistry of the Sulphur Bacteria,” by H. J. 
Bunker, Department of Scientific and Industrial 
Research, Chemistry Research Special Report, 
No. 3, 1936), but restriction is here brought 
about by the fact that they are active only 
under anrerobic conditions. Particularly favour- 
able conditions are afforded in deep-seated sea- 
muds, as, for example, the extensive deposits 
in the Atlantic Ocean off Walvis Bay, South 
Africa. Periodic eruptions liberate large 
amounts of hydrogen sulphide, which not only 
can be detected by smell at great distances 
but have been stated to accentuate the corrosion 
of metal structures on land. These deposits 
have been investigated by Copenhagen (Union 
of South Africa, Dept. Comm, and Ind., Fish 
and Marine Biol. Survey Div., Investigational 
Report No. 3, 1934), who also found the mud 
at the sea bottom of Capetown Docks to contain 
iron sulphide formed by the reaction of hac- 
terially produced hydrogen sulphide with the 
excess of iron compounds present in the dock 
water. Corrosion associated with sulphate- 
reducing bacteria can be caused (1) indirectly 
by the action of liberated hydrogen sulphide in 
solution or otherwise, or (2) more directly by 
the presence of the metal structure in situ 
where anserohic reduction of the sulphates is 
taking place. In this case it is now believed 
that the metal itself may take an active part 
in the reduction process (see “ Corrosion by 
Soils,” infra). Examples of the first process are 
provided in harbours and docks, more par- 
ticularly in certain waters. The presence 
of metals at the sea bottom must usually be due 
to such adventitious causes as wrecks, and 
interesting cases have been described where 
cast iron cannon, long submerged in this way, 
have been completely “ graphitised.”^ Never- 
theless, the possibility of a stimulation of this 
type of corrosion by the presence of sulphate- 
reducing organisms must be borne in mind under 
any conditions in which the supply of oxygen, 
locally or otherwise, is likely to become depleted. 

The corrosion of marine condensers presents 
a number of problems that have been systemati- 
cally investigated over a number of years 
(Reports to Corrosion Committee of Institute of 
Metals by G. D. Bengough and co-workers, 
J. Inst. Metals, 1911 onwards). Corrosion is 
greater in harbour waters than on the high seas 
and increases with temperature and with speed 

^ The “ graphltisation ” or “graphitic softening" of 
cast iron may take place under various conditions such 
as encourage electrochemical action between iron and 
graphite in the system. It consists in the leaching-out 
of the soluble iron-rich anodic product with consequent 
enrichme'nt of the residue in graphite, which (together 
with smaller amounts of other insoluble constituents, 
carbides, silicidcs, etc.) remains behind as a skeleton or 
matrix, the interstices becoming filled with sufficient 
iron oxides and hydroxides (produced by corrosion) to 
cement the whole loosely together. The original shape 
of the object is retained, but the specific gravity is 
greatly reduced and the material is softened sufficiently 
to permit cutting with a knife. 
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of wording. Turbulence at the inlet end will 
produce rapid corrosion of brass tubes, par- 
ticularly if much entangled air is present, giving 
nse to characteristic “ impingement attack.'* 
Localised corro’‘ion may also occur through the 
eetlLng of vanous deposits in the tubes. The 
failure of brass tubes sometimes takes the form 
of BO called “ dezincifieation *‘; this has been 
shown to consist of an attack on the brass a: 
whole, followed by rcdeposition of copper 
stlu, and to be favoured by retention of the 
corrosion products as a membranous layer in 
contact with the metal (For ameliorative 
measures, tee p. 389 ) The present position of 
condenser tube corrosion has been surveyed by 
R. May (Inst JIanne Engineers, 1937,49, 171) 
Corrosion (and Protection) op Ships’ 
Hcixs — The corrosion of ships’ hulls comprises 
by far the largest scale practical problem 
associated with sea water attack and calls for 
special consideration It will be convenient to 
deal here nith methods of protection specific to 
this problem (methods of protection in general 
are discussed later, p. 385} Sea.water seems to be 
more corrosive than many types of fresh water 
towards mild steel Thus, ilontgomery and 
Lewis (Trans. Inst Engineers and Shipbuilders 
m Scotland, 1033, 75, 391) state that “vessels 
trading continuouslv m fresh water, as tn the 
Crest Lakes of North America, suffer practically 
no corrosion of hull structure.” Nevertheless, 
sea water is not necessarily tuore corrosive than a 
fresh water, for hard Teddington tap water (tern* 
porary hardness SI, permanent hardness " 
parts per 100,000) is actually more corrosive 
towards mild steel in stagnant con<Ltions 
Movement, however, depresses the rate of 
corrosion of the hard water but increases that 
of the sea-water, so that with rapid movement 
the sea-water is the more corrosive. 

Stainless steels of the type containing about 
18% chromium and 8% nickel resist the action 
of sea-water better than plain carbon steels, 
but are still too costly to use for ship con- 
struction. Paints are therefore used to protect 
hull structures, and if care is taken to apply 
them properly and periodically, shell-plating, 
frames, and beams should last 2C1~25 yeaiv at 
least. Special parts of the ship, such as tl 
scour area of ashes from an ejector or where 
discharge of water flows more or less con- 
tinuouslj-, may require renewal in much shorter 
periods. , 

There appears, however, to be a consensus of I 
opinion among British and Continental observers 
that the corrosion of both steel plates and of 
rivets in the structure of ships' hulls has 
assumed rather more serious dimensions during 
recent years In the absence of defloite 
evidence, changes in the quality of the metal i 
cannot be held responsible for the increased I 
corrosion of plates ; but with respect to rivets, I 
many people believe that the substitution of 
“rimming" steel for soLd steel or wrought 
iron m modern practice has had a prejudicial, 
influence. (The use of rimming steel for the' 
manufacture of rivets for ships’ hulls is now 
prohibited by the Committee of Llojd'sBegulcr 
of Shipping and certain other autbontics ) 

If anj-thiog, the nveta should be slightly I 


less vulnerable than, or sUghtly cathodic to 
the plates, since a more generally distributed 
corrosion on the plates is preferable to a locahsed 
attack on the rivets. The use of copper steel 
has been suggested; although the mfrinsio 
sttpenonty of this material is not so marked m 
seawater as it is m industrial atmospheres 
a special advantage is claimed for its apphea 
tion to ships' rivets, because it is slightly cathodio 
to ordinary mild steel when the two materials 
are in contact 

Turning to ships’ plates, there is considerable 
^idenM of changes in treatment, as distinct 
from changes in composition, which may have 
an important bearing on corrosion. U has lone 
been customary to expose the plates to the 
irealher, after leaving the rolls, with the 
object of removing mill scale, rormerly a 
generous time, amounting perhaps to many 
months, was allotted to this process; in recent 
years, however, the tendency seems to have 
to cut down this time and to use partially 
descaled steel m the ships’ hulls. It has been 
suggested, moreover, that the scale formed in 
modem practice is more difBcuIt to remove thia 
that formed in the older conditions ; this matter 
IS now being investigated under the auspices of 
the Corrosion Committee of the Iron and St«l 
Industrial Research Council. Removal of scale 
by acid pickling has not hitherto been gensrsllv 
adopted (except in the Navy), but this is s 
quick and eflicient method, particularly if 
an inhibitor be used to reduce attack cm the 
metal. The premature failure of paint coatinsa 
appbed to partially descaled steel is often due 
to the weakness at discontinuities in the scale 
and 18 aggravated by mechanical causes ; when 
once corrosion has started, deterioration of the 
Mint IS facilitated partly by alkali produced 
by corrosion and partly by a process of under- 
mining which may cause scale and paint to come 
away together. 

Besides incomplete removal of scale, the time 
allowed in modem practice for painting and 
particularly repainting is often quite inadequate 
to ensure efficient protection. The dry-docking 
of a vessel at the end of a cruise for the purpose 
of repainting the hull normally occupies the 
penod of a 12-hour tide. The operations which 
must bo completed within this time include the 
removal of marine growths, the removal of old 
pamt, tho drying of the metallic surface, the 
application of the anticorrosive paint and the 
entifouling preparation, and, finally, the drying 
of tho coating. So far as the last named proccM 
IS concerned, tho Paint Industry has responded 
to requirements by evolving special quick drying 
compositions The older linsced-oil typo of 
paints yields good results provided a euflicjent 
penod of drying is allowed, and combined with 
a red lead base it provides a priming coat 
that is satisfactory for general work. For 
shipe* hulls, however, such paints hare been 
largely replaced by compositions, typically 
dainar resins in solvent naphtha, that dry 
owing to the evaporation of a solvent, as distinct 
from the complex oxidation process that con- 
stitutes the " drying ” of linseed oil. In recent 
S^rs preparations with a bituminous (asphalt) 
base have come largely into use ; these have tho 
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advantage of being both quick-diying and 
insulating, and thus provide a suitable inter- 
mediary between the steel and the antifouling 
paint, which frequently stimulates rather than 
prevents the corrosion of contiguous metal. 
Recent practice in the United States appears to 
favour the use of coal-tar and rosin, both in 
anticorrosive and in antifouling compositions 
(Gardner and Hart, Amer. Paint and Varnish 
Manufacturers Assoc., Circ. No. 397, 1931); 
the following anticorrosive is now used in the 
U.S. Navy Department (values in pounds per 
100 gallons of paint) : zinc oxide 187, Venetian 
red 93, silica 93, rosin 146, coal-tar naphtha 
383, coal-tar 48, manganese linoleate 130, 
beeswax 3-3. For the painting of steel hulls for 
fresh-water service. Speller (Mech. Eng. 1935, 
57, 358) quotes good results from a mixed 
pigment (red lead 75%, lead chromate 12-5%, 
zinc chromate 12-5%) in a treated tung oil 
medium. J. L. Bedale (Proo. Chem. Eng. 
Group, S.C.I. 1935, 17, 89) gives the following as 
an average analysis of paint for protection of 
hulls in British Naval practice; 25% solvent 
(naptha, parafiSn or white spirit), 35% soluble 
medium (resins and drying oUa), 40% insoluble 
Bohd (zinc or iron oxide, etc.). 

Assuming a satisfactory paint composition 
the success of the operation largely depends on 
prevailing atmospheric conditions ; a film of 
moisture on the metal, even of invisible dimen- 
sions, will effectively lower the adhesion of 
the paint, whilst the occlusion of salt particles 
beneath the coating adds considerably to the 
difficulty. (Painting with white lead in the 
steel min while the metal is still hot has been 
found to be advantageous, see Fourth Report 
of the Corrosion Committee of the Iron and Steel 
Institute, 1936.) The factors that militate 
against the success of painting under ordinary 
dry-dock conditions are complex enough to 
deserve greater time and- attention than is 
usually accorded them if a satisfactory degree of 
protection is to be ensured. In practice the 
question resolves itself into one of economics. 
It is possible to secure not merely an equal 
but a definitely greater protection from corrosion 
than that obtained in earlier years ; but this is 
possible only by increasing the time and care 
expended on painting and drying with con- 
sequent greater cost. Which course to adopt is 
for engineers to decide ; but it may be asked 
whether economy would not be better served by 
greater attention to protective measures, with 
consequent reduced wastage of metal and pamt, 
of which latter enormous quantities are probably 
discharged into the sea soon after the ship 
leaves dry dock. 

ForaiNG OP Ships’ Hulls. — The “ fouling ” 
of ships’ hulls by the accumulation of marine 
growths is not necessarily related to corrosion, 
for the trouble is mainly associated with the 
serious reduction in speed for which such growths 
may be responsible, and any corrosion directly 
attributable to this cause is usually relatively 
nmmportant.^ Nevertheless, it is convenient to 

Hedley and McLean (J. Assoc. S. African Mech. 
Elect. Eng. 1930, 9, 223) report, however, that stain- 
less steel of “18/8” type undergoes severe attack at 
places of attachment of barnacles. 


discuss fouling together with corrosion, for the 
treatment of the ships’ hull must take into 
account both phenomena. The growths com- 
prise several main groups of organisms, chiefly 
barnacles and molluscs (both of which are 
commonly referred to as “ shell ”) and certain 
“ sea grasses ” (a term which seems to be 
applied indiscriminately both to hydrazqa 
and algae); many different species have been 
recognised (see comprehensive review by J. P. 
Visscher, U.S. Dept, of Comm., Bur. Fisheries, 
Document No. 1031, 1927). As illustrating the 
importance of the problem, Visscher states 
that “ after vessels have been at sea for 6 or 8 
months they frequently accumulate growths 
from 2-3 in. in depth, and vessels with from 
50 to 100 tons of fouling are seen quite 
frequently.” Growths up to 1,000 tons in weight 
have been reported, but these no doubt repre- 
sent cases where dry-docking has heen neglected. 
According to Visscher, speeds in regular practice 
are reduced by amounts up to 50% and fuel 
consumption increased up to 40%. The trouble 
also affects flying-boats, which, in the tropics, 
have sometimes been prevented from rising from 
the water. 

The treatment consists in applying over Ihe 
ordinary corrosion-resisting paint a preparation 
that ■ndll be inimical to tbe attachment of 
marine organisms or, more particularly, their 
spores; such preparations are usually described 
as “ paints,” but frequently they contain 
substances that would promote corrosion if not 
insulated from contact with the underlying 
metal. On the other hand, the bituminous 
primary coat that is commonly applied to ships’ 
huUs, whilst protecting the metal against 
corrosion, offers no resistance to the lodgment of 
marine organisms, certain kinds of which have 
been found to eat through the coating. Anti- 
fouling preparations in common use owe their 
value almost entirely to their poisonous content ; 
when this is exhausted, antifouling properties 
cease. The problem is, therefore, to ensure that 
the toxic matter is released by the “ paint ” in 
sufficient concentration over a reasonably long 
period of time. It is one of peculiar-difficulty, 
because widely different conditions must be 
met. For example, inoculation of the paint 
surface with the minute spores, which sub- 
sequently grow in situ to large dimensions, 
takes place almost entirely whilst the vessel 
is in port, motion being inimical to their attach- 
ment ; if, however, the solubility of the paint is 
adjusted to afford adequate protection during 
this period it dissolves at an inordinate rate 
whilst the vessel is cruising, with the result that 
its toxicity is rapidly exhausted. In practice 
a compromise is attempted and wide variations 
in the effective life of the antifouling paint occur. 
Visscher (i.c.) states that “ under optimum con- 
ditions vessels foul within 30 days of the time 
of dpr-do eking.” Orton (Trans. Inst. Marine 
Engineers, 1931, 43, 276) questions, however, 
whether this figure is capable of general applica- 
tion (see also H. W. Keenan, J. Oil Col. Chem. 
Assoc. 1933, 16, 67). Light has been found to 
be inimical to the groivth of many fouling 
organisms, particularly barnacles, which flourish 
most in “ shaded ” areas (Visscher, I.c.) ; 
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Wolfgang Neu (Intemat. Rev. ges. HjdrobioL o. 
Hydrogt. 1933, 88, 228) atatea that green 
colooia of wavelengths 600-558 fifi are atrongly 
avoided by cypnd larvte. The nae of anitah^ 
coloured preparations is therefore being advo- 
cated, also ^amuuum pigment (in/ro) foi the 
purpose of repelling growth-fonmng orgamsms. 

The properties of an antifonbng paint viil 
clearly depend largely on the nature of the 
medium or “ matni,'* which should resist the 
erosive action of sea-water for at least as long 
as the toxicity of the paint is maintauied; 
various varnishes, gums, and reams are used for 
the purpose. Special attention is usually given 
to the area exposed to alternate wetting and 
drying (m practice a belt about 3 feet ut width) 
where mechamcal conditions reach therr greatest 
seventy. The mixture applied to this part (the 
“ boot lopping composition ”) should have 
maximum toughness and resistance, for which 
purpose synthetic mins have proved especially 
valuable in modem practice. With regard to 
the toxic constituents, compounds of mercury 
and of copper have so far proved the most effec- 
tive, their jomt presence, in a fine state of aub- 
divisioD, being considered to be advantageous; 

E rne oil IS believed to add to the toxicity. M 
opes (Quim. Jnd 1929, 68, 222) states that 
copper resmate (a green powder soluble in paint 
mroia) u preferable to most substances hitherto 
used, and gives results much better than those of 
the earlier pamts. According to Keeoan (1 c ) 
there is some relationship Ktween molecular 
weight, erectile toxicity, and structure, the 
cyclic aromsticorgaoo-raetalljccompouodsbeing 
lets stable than the open-chain compounds 
Good results have been reported (Gardner and 
Hart. { e.) for an aatifoulmg pieparatiou used 
by the U.8. Navy Department, which is as 
follows (lb, per 100 gallons of paint): zinc 
oxide 812, silica 82, magnesium silicate 83. 
cuprous oxide 112, mcrcunc oxide 45, balsam 
rosin 202, coal tar 133, pine oil 74. The presence 
of coal tar and of rosin IS noteworthy. Opinions, 
however, are divided as to the efTectivenoss of 
coal tar in antifouling preparations and its 
use is not generally favoured in this country. 
J. Jj. Eedale (i e„ p. 383) states that tn modem 
Bntuh Naval practice the submerged part of the 
huB 18 ^ven two or more coats of anticorrosive 
paint, followed by one coat of antifoolmg com- 
position, the latter being appL'ed immediately 
before the dock is flooded, owing to lU deteriora- 
tion when exposed to air (the boot-topping com- 
position is appbed in the same way) j the anti- 
fouling com^ition contains solvents similar to 
those in the protective p»mt (npro) with 
additions of poisonous compaundii of copper, 
lead, arsenic or mercury. The use of chlorinated 
robter aa a medium, with additions of copper, 
mercury, zinc, arsenic or selenium, alone or in 
combination, has been introduced (Smith, 
Pomtt, and I^er, B.P., 1036}, aluminium 
powder being incorporate to give a light- 
coloured surface inimical to orgamsms. 

Corrosion by Soils. 

Although corrosion of metals embedded in 
soils is not in general so common as in the 
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atmosphere or under wafer, it neverthelra 
presents problems of eome magnitude iadus 
triaily. The economic importance of tie 
subject, aa it affects, for example, water tasias, 
electnc cables (sheathings), and suchhlie, u 
Rfleeted in the Urge scale organisations for lU 
investigation, particularly in the United SUUs 
and in Holland ; recently a committee with 
similar objects has been set up in this country 
under the auspices of the Institution of Cin] 
Engineers and further developments must be 
expected. 

The complexity of the conditions is indicated 
hy the large number of factors which nay 
enterinto the process, eg the content of oxygen, 
moisture, and soluble matter (solid, Lquid, and 
gaa). hydrogen ion concentration, electrical 
conductivity, particle size, drainage ; bacterial 
processes are in many coses of importance, 
likewise the presence of '* stray ” currents 
from electric railways, etc , which may Btimulate 
** electrolytic corrosion.” Fortunately many of 
these factors are interdependent, so that 
conditions relatively unfavourable to corrosion 
are by no means uncommon. Moreover, unless 
electrically stimulated from outside, and with 
the further possible exception of corrosion 
associated with bacterial action, the rate of 
corrosion generaOy tends to fall off with tune 
because of the ” self stifling ” of the anodic 
process 

Bums ond Sallev (Ind Eng. Chem 1030, 22, 
293) found that the corrosion of lead m moist, 
inert sands increased (within certain Louti) 
with increasing particle size, also with tnoistare 
content of the sand and with oxygen concentra- 
tion of the overlying atmosphere Bassett 
(J8C1. 1931, &0, 161) attributed diminiahed 
corrosive attack on steel specimens emb^ded 
(laboratory experiments) in salted soils to a 
restnction of oxygen diffusion. The conclusion 
might reasonably be drawn from such expen- 
mente that corrosion should become negligible 
when oxygen u completely or almost completely 
absent. Evidence u accumulating, however, 
(bat many examples of quite senoua soil corro 
aion in service occur under anserobic conditions 
and are therefore unconnected with the supply 
of oxygen. It has frequently been notro 
that the tendency for corrosion to ta'ke Vue 
form of pitting increases with the acidity of the 
eoii. It has also long been known that metsl 
•InictUTCB, particularly of coat iron, on 
frequently moro prone to undergo corrosion 
when embedded in heavy clay soil tbsn in 
porous sandy sod. This has usually been 
attnbuted merely to increased retention of 
water in the neighbourhood of the metal. 
Recent investigations, however, particularly 
by von Wokogen Kfihr and Van der tlugt m 
Holland (1934) and independently by Tbaysen 
and Bunker in this country (Chemical Research 
Laboratory of the Department of Scientiflc and 
Industrial Research), have led to the conclusion 
that such corrosion is in many coses attnbutable 
to the influence of sulphate-reducing bacteria. 
These are anxrobio organisms of the vibno 
type (H. J. Bunker. Vth Rep. Cotr. Ctte., Iron 
and Steel Inst. 1938, 431) which very commonly 
find in cUy the conditions {i.«. presence of sul- 
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phates and exclusion of oxygen, together with 
the presence of minute amounts of organic 
matter) requisite for their activity. The 
organisms have the peculiar faculty of reducing 
sulphates, normally with liberation of hydrogen 
sulphide ; they are typically anserobic, and 
while access of air does not destroy them they 
become active only when air is excluded. 
Their influence on corrosion imder such con- 
ditions arises from the fact that they enable 
dissolved sulphates to act as “hydrogen 
acceptors ” ; an alternative mechanism is 
thus provided for cathodic depolarisation 
which is normally dependent upon the supply of 
oxygen. It is probable that the process is 
also assisted by a certain amount of anodic 
depolarisation because (for example) iron ions 
entering into solution at the anode meet with 
hydrogen sulphide produced at the cathode 
and are precipitated as insoluble iron sulphide 
at some distance from the anode surface. It 
can be shown that the theoretical amount of 
iron converted to sulphide in this way is equal 
to one-quarter of the total iron corroded in the 
process ; and in fact the presence of a certain 
amount of iron sulphide in the primary corrosion 
product is a characteristic feature of this type 
of aneerobio corrosion. Cast iron is particiilarly 
liable under such conditions to undergo “ graphi- 
tisation ” (c/. deep-sea corrosion, supra) no 
doubt owing to the presence of graphite facilita- 
ting the expulsion of hydrogen. In practice the 
structures most commonly aflected in this way 
are cast iron water mains, and here graphitisa- 
tion proceeds from the outer smface (occasion- 
ally, also, from the inner, water, surface) leaving 
an irregular but approximately annular section 
of graphitised material. 

ftobably the most efieotive method of 
reducing the attack on iron and steel pipe- 
lines, as will he evident from what has gone 
before, is by attention to the method of laying. 
In clay soils the interposition of a layer of 
sand, gravel or ballast is frequently advan- 
tageous; cinders, however, should be avoided 
on account of the acidity that may arise from 
the oxidation of sulphurous impurities. Of the 
protective coatings applied to pipe-lines, 
bituminous materials, both coal-tar pitch and 
natural asphalt, are most Commonly used and 
are frequently reinforced with felt or hessian. 
The extensive researches on soil corrosion carried 
out in the United States by Logan and co- 
workers (U.S. Bur. Stands.) have been surveyed 
by K. H. Logan in a number of papers (e.g. 
flians. Electrochem. Soc. 1933, 64, 118 ; Trans. 
Amer. Soc. Civ. Eng. 1936, 101, 811 ; Bur. 
Stands. J. Research, 1936, 17, 181 ; see “ Corro- 
sion and Rrotection of Pipelhies in U.S.A.”, in 
“ The Science of Petroleum,” London, Oxford 
University Press, 1938, p. 747). In the corrosion 
of pipe-lines importance is attached to the 
influence of concentration cells caused by local 
differences, both physical and chemical, in the 
character of the soil in contact with the pipe ; 
this leads to localised attack, but various other 
contributory factors are recognised. (For 
methods of soil corrosion testing, see “Sym- 
posium on Corrosion Testing Procedures,” Amer. 
Soc. Testing Materials, 1937, 95). Under soil 
VoL. m. — 25 
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conditions little difference has been observed in 
the corrosion rates of cast iron, wrought iron, and 
steel (including low-alloy steels). Similarly R. M. 
Bums reports (Bell System Tech. J. 1 36, 15, 

20) that high purity lead, lead hardened with 1% 
antimony, 3% tin, or 0-03% calcium, when used 
as cable sheathing, show approximately the 
same resistance to corrosion, environment being - 
of far greater importance than variations in the 
composition of the metal. Copper and high- 
copper alloys, however, corrode Jess than most 
of the ferrous alloys, except in soils containing 
hydrogen sulphide. Of metal coatings applied 
to the protection of iron and steel in soil, zinc 
(hot-dipped) is most extensively used ; the 
rate of corrosion of galvanised iron is less than 
that of either steel or zinc alone and when the 
coating is perforated zinc gives a certain amount 
of cathodic protection to the underlying metal. 
Lead, on the other hand, has a greater tendency 
than zinc to develop pits, and when used as a 
coating tends to accentuate, if perforated, corro- 
sion of the contiguous iron. (See also “ Corrosion 
of Metals: Protective Measures,” e.g. bitu- 
minous coatings, p. 395). 

G. D. B. and W. H. J. V. 

CORROSION OF METALS: PRO- 
TECTIVE MEASURES. Methods of com- 
bating corrosion may be considered as falling into 
three groups according as the result is achieved 
by (1) the control of external factors, (2) the 
use of corrosion-resistant alloys, (3) the use of 
protective coatings. 

(1) Control of External Factors. 

Methods of protection depending on the 
control of external factors diSer considerably in 
detail. Frequently they consist in the removal 
of some harmful constituent from or the addition 
of inhibitive material to the corrosive medium. 

It follows from what has gone before that 
corrosive atmospheres can be rendered inoouous 
either by filtering out solid pollution or by 
suitably absorbing gaseous pollution ; but 
such measures can evidently be applied only in 
very special cases. A possible and obviously 
efiScacious method of approach is to remove 
the pollution at source and much progress is 
being made in this direction. In the light of the 
principle of critical humidity, corrosion can 
frequently be avoided by adjusting the relative 
humidity of the atmosphere so that it is main- 
tained consistently below the critical value. 

A knowledge of general principles is particularly 
important, since it is clear that the corrosion 
mechanism must be understood before the 
appropriate kind of “ brake ” can be devised. 

In the case of immersed corrosion, it is again 
evident that methods involving treatment of the 
corroding medium cannot in general be applied 
on the large scale ; but on limited scales and 
more particularly in enclosed systems such 
methods are, in fact, of great importance. 
The procedure to be adopted will depend upon 
whether corrosion is mainly of the hydrogen 
evolution or oxygen absorption type. As 
discussed in the general article the hydrogen 
evolution type of corrosion is encouraged 
by low pg. Certain acid types of natural 
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water may have their aggressiveaess removed] 
by suitable adjustment of pg, usually by ' 
addition of bme, which in effect displaces 
corrosion from the hydrogen evolution to the 
oxygen absorption range, the rate of attack 
being at the same time very greatly reduced 
(Whitman, Russell, and Altien, lad. Eng. 
Chem. 1024, 16. 665). 

In cases where corrosion is inevitably of the 
hydrogen evolution type, use may be made of 
overpotential. A famihar example is the 
amalgamating of zuvo electrodes for the pre* 
vention of local attack by the acid electrol^e; 
here the normal process, which would result lo 
the Lberation of hydrogen from the zinc surface, 
is suppressed because of the high overpotential 
of hycuogen in respect to mercury. An interest- 
ing practical apphcation occurs in the acid pick- 
hng of iron and steel articles for the removal 
of surface oxide (scale and rust). Attack of the 
acid upon the metal, as distmct from the 
oxide, involves the liberation of hydrogen; 
hence this part of the process can be suppressed 
by such additions as will increase the hydrogen 
overpotential For this purpose organic in- 
hibitors are used, of which a varied choice is 
available , heterocyclic nitrogenous substances 
(tff. p^idine) being particularly efficacious. 
Mann, Laucr, and Hultin (Ind Eng. Cbem. 1936, 
28, 159) examined the uihibitive effect of ah 
phatic amines on the acid attack of iron and 
concluded that the amount of surface blanketed 
by any given molecule (hence the efficiency of 
the inhibitor) is dependent on the length of 
the hydrocarbon ebama, the nitrogen atom being 
held responsible for the actual attachment 
to the metal. Many proprietary inhibitore 
used in pickling iron and steel are denved from 
by-products of industrial operations, especially 
coal-tar. W. Machu (Korroaion u. Metallsch. 
1937, 13, 20) in a comprehensive survey, 
suggests that the inhibiting action at the cathode 
IS due td the formation of a &lm havmg high 
electrical resistance. 

An application of the overpotential principle 
occurs in connection with magnesium-ncb alloys, 
the corrosion of which mvanably follows tbe 
hydrogen evolution type. One of the uses 
propo^ for these alloys la the maRufacture ' 
of fuel tanks for aircraft, but difficulties arise 
from the introduction of " leaded fuels ” for 
anti knock purposes. The lead is used in the 
form of lead tctra-ethyl, and ethylene dibromide 
is added for the purpose of removing the lead in 
the exhaust gases. In the presence of water a 
compLcatcd senes of reactions causes deposition 
of part of tbe lead on the surface of the alloy 
which then becomes attocked with Lberation 
of hydrogen. The organic inhibitor process 
consists in mixing with tbe fuel a small quantity 
of a petrol-soluble substance that will suppress 
tbe evolution of hydrogen from tbe alloy 
surface, and for this purpose quinohne, to tbe 
extent of about 1%, has been found to be ex- 
tremely effective ; attack is inhibited, whilst 
the anti-knock qualities of tbe fuel are un 
impaired (DSI.K, Rep. (Hicm. Res. Board, 
1934-7, London, IUI.S.O.. 1938). 

In the case of corrosion processes the rate of 
which IS controlled by tbe amount of dissolved 


oxygen, as commonly obtains with waters sod 
' neutral solutions under many service conditions, 
corrosion may be reduced to negligible imen' 
stons by the removal of oxygen from the system 
For this purpose both chemical and mechanical 
methods are employed. The former consist 
usually in the passage of water (which for 
economical working must bo heated) over s 
large surface of iron, special precautions being 
taken to prevent the choking of the system by 
the rust produced. Suitable plant is described 
by (Speller (“ Corrosion, Causes and Prevention,” 
2nd ed., 1935). Other chemicals, such as 
sodium sulphite, are sometimes used for tbe 
removal of oxygen, but considerable care is 
necessary to avoid excess and the content of 
dissolved salt is in any case increased. There 
ate many types of mechanical deaerators, from 
open heaters, m whicha current of steam sseeps 
over the surface of the heated water, to hesten 
of the EUiott type, in which water is introduced 
mto a chamber at reduced pressure, the sudden 
boiling on superheating serving to expel dis- 
solved gases. For the deaeration of water in tbe 
cold a fine spray is injected into a chamber 
under high vacuum. Mechanical deaeration 
has the advantage of removing carbon dioxide 
and other dissolved gases besides oxygen, but 
complete ebmination of the latter is probsbly 
best achieved by means of a supplementary 
chemical treatment. 

Further methods of water treatment include 
the addition of substances that will (1) suppreii 
the anodic as distinct from tbe cathodic process 
which IS tbe function of tbe “inhibitors" 
previously considered, (3) lead to tbe formation 
of a film or scale over tbe whole surface. Ths 
first group comprises olkab additions (sodium 
hydroxide, sodium carbonate, or calcium 
hydroxide] ; those become leas effective with 
increase in concentration of dissolved salts, 
particularly cblondea. It also includes ebrom 
stes, which are frequently added to brine solu 
lions for corrosion prevention. In either case 
sucb additions must bo made with caution, for if, 
os IS most often the case, the rate of corrosion 
IS under cathodic control, tneomplete suppressioo 
of the anodic process may result in its locahss- 
tion, with consequent pitting. (This point has 
been emphasised by Evans (T rans. Electrochcin 
Soc. 1936, 69, 213).) Sodium silicate has been 
used for the treatment of water intended to pass 
through iron and steel systems, but its success 
appears to bo dependent on the presence of 
calcium and magnesium salts, which assist in 
tbe deposition of a protective coating. In tbe 
case of a sahne water it must be reganied ia the 
same category as the alkalis (*upri) _ and 
appropriate care exercised m its sddition. 
Nevertheless, on lead, in various types of wstw, 
silicate additions of the order of about 10 parts 
per QiUion of sodium siLcatc, do undoubtedly 
produce strongly protective coatings ; this 
confirms very early observations (Crookes, 
Odhng. and Tidy, IH8C), that water Is “lead- 
procf ” when it contains dissolved silica. 

Organic colloids such as gelatine, agar, etc, 
also exert considerable protective influence in 
neutral solutions (Friend and Vallance, JC8. 
1921, 121, 4CC). the mcchamsiu consisting 
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presumably in adsorption of the disperse 
phase on the metal surface (such emulsoids are 
known to retard solvent action of various kinds 
when adsorbed at the solid/liquid interface). 
The comparatively long life of metal cooking 
utensils (particularly of aluminium) has been 
attributed to the coUoids present in food. 
Patterson and Culbert (J.S.C.I. 1935, 54, 327T) 
have described another type of inhibitor, 
represented by the restraining effect of poly- 
hydric alcohols on the corrosion of iron in 
potassium sulphate solutions. Adsorption of 
the organic substance on the corrosion product 
was believed to be responsible for subsequent 
retardation, which was found to depend upon 
the number of hydroxyl groups per molecule of 
inhibitor. 

Hard waters are in general leas corrosive than 
soft waters because of their ability to deposit 
surface films that are protective in character. 
Provided carbon dioxide is not present in 
excess, incipient corrosion will often favour the 
precipitation of films by reason of cathodicaUy 
produced alkali. In one successful method of 
water treatment for pipe-lines, just sufficient 
alkali is added to give a protective layer over 
the interior of the pipe. Very soft waters are 
sometimes treated with limestone in order 
to introduce film-forming constituents. The 
principles underlying the artificial treatment of 
natural waters for the controlled precipitation 
of suitable protective coatings have been 
developed mainly by TiUmans in Germany 
(c.g. Gesund. Ing. 1912, 35, 669 ; Gas u. Wasser- 
fach. 1931, 74, 1097 eeg.) and by Baylis in 
America (e.g. J. Amer. Waterworks Assoc. 1935, 
27, 220). In each case the primary object was 
the protection of the inner surfaces of supply 
pipes and the conditions sought were such as 
would produce a layer of calcium carbonate, or a 
mixture of calcium carbonate with rust. Till- 
mans’ work was based mainly on the conception 
of the aggressive action toward calcium carbon- 
ate of waters containing more than a certain 
amount of free carbon dioxide ; i.e. part of this 
carbon dioxide is required to keep bicarbonate in 
solution, hence it is only excess above this 
amount that enables water to attack calcium 
carbonate, so preventing the formation of a 
protective layer on the iron. The excess was 
called by Tillmans “ aggressive carbon dioxide," 
a term which, it should be observed, refers only 
to aggressiveness towards deposits of calcium 
carbonate and not ton ards metal, although that 
may follow indirectly. (The direct action on 
iron, at ordinary temperatures, of such couceu- 
trations of carbon dioxide that are likely to be 
present in natural waters is very much smaller 
than was previously supposed and is probably 
negligible in most instances, although it may 
become significant at higher temperatures as in 
closed heating systems.) Aggressive carbon 
dioxide may be removed by contact with marble 
or limestone. Baylis (l.c.) has described examples 
of the successful application of these principles 
and has given curves connecting the determined 
Pit of the water with equilibrium values for 
alkalinity in terms of ‘calcium carbonate. If 
for any given water the determined pg falls 
above this curve, calcium carbonate wiU tend 


to precipitate out from the water and form a 
coating, whilst if below the curve the water is 
“ aggressive ’’ and tends to dissolve calcium 
carbonate. Baylis emphasises that the curve is 
modified by other constituents, magnesium 
carbonate, etc., and it is necessaiy to determine 
the calcium carbonate equilibrium point for 
each particular water by direct experiment. 
Lime is usually used to treat the water but soda 
can be used if it is desired to avoid an increase in 
hardness. 

Problems connected with " external factors ’’ 
rmder soil conditions are discussed in the 
general article (p. 384). 

In power plants and in many industrial 
operations it is often necessary to use water from 
which scale-forming constituents have been 
removed in a softening process. Generally the 
need is dictated by objections arising from 
accumulations of deposits ; in boilers, however, 
the presence of magnesium salts is deleterious 
from the corrosion point of view and their 
removal therefore becomes important. For 
reasons already considered, however, the 
softened water should be rendered slightly 
alkaline ; small amounts of certain other 
materials are also commonly added for the 
purpose of producing protective films. Care 
is needed in using waters that have been softened 
by base-exchange processes because of their 
higher content of dissolved sodium salts ; 
contact of dissimilar metals, e.g. steel with copper 
or brass, should be especially avoided. A 
method of ameliorating the corrosivity of such 
waters is to by-pass a certain amount of the 
raw water so that the treated water may have 
the necessary minimum degrees of hardness. 

Corrosion in refrigerating systems, which 
affords good examples of protection by control 
of external factors, has formed the subject of a 
general discussion (Proc. Brit. Assoc. Refrigera- 
tion, 1936-7, 33, 35). Corrosion may affect 
either the ammonia (refrigerant) circuit or the 
calcium chloride (brinel circuit, but appreciably 
so only in the presence of water in the refrigerant 
or of oxygen in the brine. A third possible con- 
tingency is the leakage of refrigerant to the 
brine ; this must be especially avoided because of 
the formation of ammonium chloride, by which 
the hydrogen evolution (as distinct from oxygen- 
absorption) type of attack is actively promoted. 

Electrochemical Methods of Control . — Corrosion 
in aqueous solutions and natural waters being an 
electrochemical process (attaek on the metal 
proceeding from anodic points or areas) “ electro- 
chemical ’’ or “electrolytic” methods aim at 
countering the natural process by rendering the 
whole metal surface cathodic, for which purpose 
an external electromotive force is employed. 
The. principle is attractive and its application 
can be readily demonstrated by small scale 
experiments. Difficulties arise, however, on 
the large scale owing to the impossibility of 
distributing the current uniformly over the whole 
of a large area. For example, in condenser 
systems (in which electrolytic methods, at one 
time extensively tried, have been largely dis- 
continued) anodes were inserted in the water 
boxes at the ends of the tubes, which themselves 
constituted the cathodes j in practice, however. 
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no more than the first few inches of the tabes 
coold hope to receive protection (Bengoagh and 
May, J. Inst. Metals, 1924, 32, 245). Neverthe- 
less, for the protection of pipe-lines in soil, where 
the function of an electrolytic method is to 
supplement the protection afforded by the aanal 
protective coatmg, successful apphcation has 
been claimed. Examples are quoted by K. H. 
Logan (l.c. “ Science of Petroleum,” 193S). 

A method similar in principle to that of an 
extemally-appbed E 3I.F. is the use of protector 
blocks, as, for example, the zmc slabs attached to 
bronze propeUor blades and to the adjacent steel 
hull for the purpose of deflecting electro- 
chemical attack from the steel structure to the 
readily-replaceable zinc. The method is limited 
by the (normally) very short distance to which 
the cathodic protection can extend, to meet 
which obj’ection a senes of such slabs are 
usually fitted. Much greater effective distances 
for the protection of duralumin by zinc were 
found by Akimov (Korrosion u. Metallsch 1930, 
6, 84) and zmc plates are m fact used for the 
1 protection of the dnralumm portions of wug-tip 
‘ flosts of sircraft (W. H. Hatfield, J. Roy. Aeron 
Soc. 1935, 39, 664). In closed systems zmc 
may operate by usmg up available oxygen, 
for example, Bannister and Kerr (Trans. 
Liverpool Eng Soc. 1933, 54, 15) reported 
equally good protection from zmc blocks 
attached to steel boiler plates when electncal 
contact was prevented, showmg that in thu case 
protection was chemical rather than electro- 
chemicaL 

(2) Corrosion Resistant Alloys. 

It was formerly considered that increase in the 
corrosion resistance of a metal could be effected 
onlr by more complete jpunfication or by 
additions such as would render it more ” noble ” 
or intiinsicaUy more resistant. Much more 
commonly in modem practice the result is 
achieved by additions that are themselves 
intrinsically more reactive, the rapidly formed 
initial film imposing increased resistance to 
subsequent attaci . DIuch depends on environ- 
ment, and an alloy that will develop a highly . 
resistant film under one set of conditions may i 
fail to do so when the conditions are changed, a 
fact that must be borne in mind in the selection 
of materials for various purposes. 

Iron-neh Alloy$ (iStainfess SlteU, tic) — 
Industrial non-rusting steels fall into two mam 
groups: (1) Chromium steels, represented 
typically by ordmary “ stainless steel ” con- 
taining 13-14% chromium; these are capable 
of being hardened by quenching from a suitable 
temperature. (2) Austeoitio nickel-chromium 
steels containing typically 18% chromium, 8% 
nickel; these alloys cannot be hardened iy 
quenching. A third type, more recently 
introducra, contains 16-20% cbromiunt and 
about 2% nickel. As this is non-anstenitic it 
resembles the first group in its ability to harden, 
whilst in corrosion-resisting properties it is 
intermediate between groups (1) and (2). The 
typical alloy of the first group is similar in 
chromium content to Brearley’s original material 
(1913), but carbon now ranges from 0 1% (the 


so-called “ stainless irons ”) to about 0 3% u 
in stainless cutlery, and method of seat- 
treatment have been improved. There is con- 
siderable evidence that the stainless properties 
conferred by chromium are due to the presence 
of a tenacious oxide film, rich in chromium, that 
IS self-healing, provided that environmental 
conditions are sufficiently oxidising, and pro- 
vided also that the surface is smooth— prefersbl; 
“ bright polished.” Ordinary stainless steel u 
highly resistant to tap. water, fruit jmces, and all 
oxidising acids (contact with strong nitnc acid 
actually strengthens the passive film and 
improves subsequent resistance), but is readily 
attacked by non-oxidising acids (e g. hydro- 
chloric and sulphuric), by which the passive film 
18 destroyed. Particles of chlorides as in marms 
atmospheres and of soot in industrial atmo- 
spheres are inimical, and the surface shonld 
therefore be wiped frequently under sneh 
conditions In sea-water its resistance is only 
moderate and it is liable to anodic attack 
wben in contact with non-ferrous materials. 

The presence of nickel in the “ IM ” 
austenitic alloy, coupled with the fact that the 
added elements are in solid solution, gives s 
greater range of stability to the invisible passive 
film, and m particular a greatly improved 
resistance to sea-water with freedom from 
electrolytic corrosion in contact with ordinaiy 
eteeb and son ferrous materials. The alloy 
has also an improved resistance to sulphuric 
acid and, although to a much less ezteat, 
bydrochlone acid ; further resistance is obtained 
by the addition of molybdenum (typically 
2 5%) and certain other elements. Auatenltie 
stainless eteeb are especially resistant to oxida- 
tion at high temperatures, but if they are mam- 
tamed for any length of time at temperatures 
between 500^ and 900‘ (as in welding) they are 
liable subsequently to an intercrystalhne type of 
cortosioiv (" weld decay ”) due to the paitial 
rejection of chromium carbide to the graio 
boundaries. The condition can be removed by 
appropriate heat-treatment or, alternatively, 
may be prevented by the addition of sniaU 
amounts of certain elements (e g. titamum) 
which have the effect of retaining carbides 
, in eolution; niobium (about 10 times carbon 
content) being less eosOy oxidised than 
titanium) is recommended for steeb that have to 
withstand the most drastic weldmg treatment 
Heat resisting steeb have been surveyed, with 
extensive bibliography, by W. H. Hatfield, 
J.Inat Fuel. 1938, 11, 245. 

I For large-Bcale structural work, for which 
I stainless steeb would be too costly, copper 
■teels. containing 0 25 to 0 5% Cu, are avaflsble 
The increased resistance to corrosion (which 
has been identified with the formation of s 
copper-rich surface film) is more particubrly 
observed in mdustrial atmospheres high in 
sulphur dioxide. Rusting is not prevented, but 
it is less destructive m character. Moreover, 
such steeb provide an improved bond both for 
paint coatings and for galvanising. Chromium- 
copper mild steels, containing approximately 
1% chromium, 0 5% copper, are stated to show 
improved corrosion-resisting properties o«r 
ordinary copper steels (see p. 374). 
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High silicon cast irons containing from 13 to 
16% silicon (“ duriron,” “ tantiron,” etc.) are 
much used in chemical engineering for acid, 
pumps, etc. Their resistance to sulphuric and 
nitric acids is very high. A similar alloy 
(“ duriohlor ”) containing the same amount of 
silicon with 3'6% molybdenum is stated to be 
especially resistant to hydrochloric acid, its 
relative immimity being very probably due to 
the formation of an insoluble coating of molyb- 
denum chloride. (For handling hydrochloric 
acid in chemical engineering practice it is, 
however, generally advisable not to depend upon 
resistant alloys but to use where possible either 
glass-lined or rubber-lined equipment.) Austeni- 
tic cast irons, containing typically 14% nickel, 
6% copper, 2% chromium, have, besides greatly 
improved mechanical properties, a high resist- 
ance to many kinds of chemical attack, com- 
parable with and sometimes superior to that of 
phosphor bronze (J. G. Pearce, Proc. Chem. 
Eng. Gp., S.C.I. 1934, 16, 91 ; A. B. Everest, 
ibid. 1937, 19, 69). They have also high 
resistance to oxidation by heat, with freedom 
from “ growth,” to which ordinary cast irons are 
liable after repeated reheatings. 

Nickel-rich Alloys. — The high resistance 
exhibited by nickel towards many industrial 
liquids, particularly alkalis, is shared markedly 
by its principal alloys. Of these, monel metal 
(a " natural ” alloy of nickel and copper smelted 
direct from the mixed ore) is the most typical 
and most widely used. It contains approxi- 
mately 68% nickel, 28% copper, 2% iron, 
remainder manganese, siiioon, etc. Similar 
alloys are prepared synthetically. They are 
characterised by generally good resistance to 
non-oxidising acids, e.ff. monel metal is widely 
used for pickling equipment using hot dilute 
sulphuric acid. It is also very suitable for 
superheated steam fittings, pumps, etc. Monel 
metal has only a fair resistance to hydrochloric 
acid (although better than either nickel or 
copper alone) ; greater resistance is obtained by 
the substitution of molybdenum for copper, and 
this is the basis of certain proprietary alloys 
recommended for use with hydrochloric acid. 
All the “ non-oxidising acids ” have their corro- 
sivity greatly increased by aeration. This is 
shown by the following figures, due to Thompson 
and McKay (Ind. Eng. Chem. 1923, 15, 1114) 
(for specimens moving at 15 ft. per min. 
immersed in dilute sulphuric acid at 82°C.) : 

Corrosion Rate. 

Mg. per sq. dm. per day. 

Air-free (washed 

with methane). Air-saturated. 
Copper . 43 1,070 

Monel metal 64 700 

The advantage of an “ air-healing ” film as in 
18/8 chromium-nickel steel is shown by the 
further data (Searle and Worthington) quoted 
by Moore and Liddiard (Chem. and Ind. 1935, 
54, 787). 

Loss of wgt., mg. sq. dm. 
per day, in 3% sulphuric acid : 

Oxygen- With oxygen 
free. bubbled through. 

Monel metal . 17 630 

18/8 CrNi steel 442 4 
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Alloys of nickel with chromium (see also in 
General artiele under High-temperature Oxida- 
tion) are used in dairy and other food industries 
and in chemical engineering, where high corro- 
sion-resistance is required. “ Inconel ” contains 
approximately 80% nickel, 14% chromium, 6% 
iron. Nickel-rich (chromium-free) alloys are not 
good for oxidising acids (e.g. nitric acid) ; they 
have, however, extremely high resistance 
(not appreciably reduced by aeration) towards 
alkaline solutions, caustic soda and caustic 
potash. Aqueous amihonia is resisted if dilute, 
but stronger solutions are aggressive, particularly 
towards nickel-copper alloys. (For such con- 
ditions ordinary iron or steel, which is com- 
pletely passivated by ammonia, may be used). 
Nickel alloys have a very high resistance towards 
sea-water (.see “ copper-rich alloys ”). They 
are sensitive to attack by sulphurous acid 
solutions and by humid atmospheres containing 
traces of sulphur dioxide. 

Copper-Sich Alloys. — Copper-rich alloys fall 
into two main groups, (1) copper-zinc alloys or 
brasses, (2) alloys of copper with other metals — 
principally with tin (the true bronzes), with 
aluminium (aluminium bronze), and with 
nickel (cupro-nickel). Of these the corrosion- 
resistance of the first group is generally less than 
that of copper, whilst members of the second 
group are in this respect at least equal to and 
frequently superior to copper. Whilst the 
brasses, therefore, are generally selected 
primarily for economic or mechanical con- 
siderations, additions being made where neces- 
sary for increasing resistance to corrosion, the 
resistance of the other alloys is frequently of 
major importance and, together with their 
superior mechanical properties, dictate their 
application in chemical engineering. 

Brass is used extensively as tubes, etc., e.g. 
in evaporators and in condensers. Under 
certain conditions, particularly where insoluble 
corrosion product can accumulate in contact 
with the metal, as, for example, in marine con- 
denser tubes, so-called “ dezincifi cation ” may 
occur. The net result is a removal of zinc and 
enrichment of copper, but the process has been 
shoivn to consist in attack on the alloy as a 
whole followed by redeposition of copper, with 
consequent weakening of the materiaL De- 
zincification is more prone to occur in 60/40 
brass which contains crystals of a and )S solid 
solutions (the p zinc-rich constituent undergoing 
preferential attack) than in 70/30 brass which 
consists entirely of the o phase. The addition 
of 1% tin as in the Admiralty (70-29-1) alloy 
confers rather greater resistance, whilst com- 
plete immunity from dezincification is obtained 
under many conditions by the addition of 0-01% 
arsenic. Another type of rapid attack caused 
by the impingement of an aerated stream of 
water (“ impingement attack ”) has been over- 
come by the addition of 2% of aluminium, and 
this material (containing 76% copper, 22% 
zinc) is now widely used for condenser tubes; 
with the further addition of 0-02% arsenic for 
the suppression of dezincification, it has largely 
superseded Admiralty brass for condenser tubes. 
(For further information on marine condenser 
tubes, see references on pp. 381, 382.) 
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He copper-tin alloys find extensive applica- are “ Mg7 ” and ” Hydronalium ” (spprori. 
tion for pumps, valves, etc. end, wth the m&tely 7% m&gnesium). The addition oI stnaQ 
addition of a Lttle zmc (e g. Admiralty gan~ amounts of antimony aa in the German *' K.S. 
metal, S3 copper, 10 tm, 2 xine), for vanona Seewasser *’ alloy is claimed actually to increase 
marine and other fittings. Phosphor bronze ta a (by formation of antimony oxychloride) the 
copper-tm alloy to which a small amount of resistance of the natural film to sea-water. In 
phosphorus, up to 0 5%, has been added aa a alloys of the duralumin type the presence of 
deoxidiser. They have good general corrosion copper confers valuable age-hardening pro- 
resisting propeities. The alumimum bronzes perties, but such alloys, if the necessary heat- 
(copper with 6 to 10% Al), owing to the treatment has been imperfectly conducted, are 
formation of a surface film of aluminiom liable to undergo intercrystaUine corrosion, 
oxide, are useful in many conditions, as, for particularly in marine atmospheres. Aluminium 
example, in contact with hot and cold sulphuric and its alloys are used over a wide range of 
acid la moderate strengths; the alumina film conditions, atructural, architectural, industrial, 
also enables them to resist oxidation at high and domestic. For cooking utensils they hare 
temperatures. The copper-rich nickel alloys the advantage of complete non-tozity. Owing 
strongly resemble the corresponding nickel-nch tothesolubihtyofaluminiummalkahes.alkalins 
alloys in resistance to sea-water corrosion, conditions should in general be avoided; for 
particularly impingement attack (avpru), and the cleaning of aluminium utensils ordinary sods 
cupro-nickel tubes, approximately 70% copper, ehould be replaced by preparations containing 
30% nickel, are also widely used m martne sodium aihcate which is much less harmful, 
condensers. He greater h'ghtness and favourable Strength- 

All the coppez-nch alloys ace vulnerable to weight tatios of magnesium-base alloys (ej. 
mtno acid. Their response to non-oxidisuig “ elektron ” types ranging from 90 to 06% 
I acids depends in general upon whether or not the magnesium, with additions mainly of slumimum, 

' solution 18 aerated In the absence of sir, manganese, and zinc) have encouraged their use 
high resistance is shown, but severe attack may within recent years. The readmess, however, 
occur if air IS admitted (e/ behaviour of copper, with which magnesium oxidises superficially is 
Thompson and tlcKay, tupra]. Resistance to not offset, as with alumimum, by the resistance 
caustic alkali solutions is good, but not so good of the oxide film towards marine atmosphere! ; 
aa that of the nick«l-rich alloys. Ho copper moreover, attempts to produce a protective type 
noh allon resemble copper m eusceptibibty to of oxide film by anodic processes, as for alunim- 
attack by aqueous ammoua and their use lum, have so far proved unsuccessful. Other 
should therefore be avoided m the presence protective coatings are available {it$ " Frotee- 
of this reagent. The use of copper alloys in tion by Coatings,'’ tn/ra) that will resist serere 
chemical engineering baa been turveyed by aalt-spray conditions, but at present there u 
8 . Eaker (Pioc. Chem. Eng. Gp. S.C.1 , 1937, cooaiderable reluctance to displace the usual 
19, 41). aiumuiuffl alloys for aircraft, although in other 

Aluminium and Uegntnun AUojis >-\Vhilst dhectiona the use of magnesium alloys appears 
the use of alumimum and magnesium alloys la to be extending. Magnesium and magnesium- 
most commonly dictated by considerations of base alloys have extraordinary resistance to 
lightness and " strength-weight ratio," their bydrofioorio acid (through formation ‘of an 
resistance to corrosion may assume great inooluble film of magnesium fluonde) and also 
importance, as, for example, in aircraft exposed (in contrast with, aluminium) to alkaha and 
to sea spray. AJuminium differs from the alfcaline solutions. Other data are given by 
metals previously discussed in that ite highest L. Whitby (lod. Chem. 1931, 10, 203). Alloys 
corrosion resistance is chsractensticaUy ex- of the light metals have been surveyed by C. H 
hlbited in the unalloyed state ; this is because Desch (l^c. Chem. Eng. Group, S C.1. 1937, 19, 
of the continuity of the thin covering film of 79). 

oxide to which the metal owes Its normally good Lead ACo^.— The corrosion resistance of 
corrosion resistance, notwithstanding its mtno- lead, which nndor many conditions is the main 
eically reactive character. Recent develop- entenoa determining its use, is associated, in 
ments in the industrial electrolytic refinement of contradistmetion to aluminium, with a relatively 
aluminium have led to a product of highest low *' intnnaic " reactivity ; like aluminium, 
purity (exceeding 99 99%) from which extra however, the freshly-cleaned metal becomes 
ordinanly high resistance to chemical attack by rapidly coveml with a film of oxide which bos 
acids and hy sea-water has been reported (R. marked protective properties (Vernon, Trans 
Gadeau, Chem. et Ind. 1035, S4, 1021). Certain Faraday 8oc. 1927, 23, 156). In contact with 
of the alanunlum alloys having maximum sulpbunc acid this film is converted to relatively 
strength, duralumin, etc. {tee previous volume insoluble lead sulphate which protects the under- 

under "Aluminium”) contain such alloying lying metal from further attack, hence the great 

elements as copper and zmo which reduce the vsjne of lead in the sulphuric add industry- 
efficiency of the natural protective film ; ouch For this purpose high punty is essential, since 
alloys are best treated by the anodic oxidation most additions would impair the continuity of 
process or by a “ metal-claddiog process " (sea the film; a recent B8I. specification tor 
under “ Protection by Coatings,” »n/ra). Mag* “Typo A chemical lead" requires not more 
nesium and sthcoo, however, have a much Um than 0 01% total impurity. The addition, 
iDiunoTiB effect on the natu^ film and certain however, of 0-05% tellnriam (advantageous tor 
alloys containing these elements are much used mechanical reasons) is stated to increase greatly 
for atmospheric and sea-air conditions {examples the resistance of lead, and also of lead antimocy 
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alloys, to sulphuric acid (Singleton and Jones, 
J. Inst. Metals, 1933, 51, 71). Type B “ hard 
lead ” alloys contain usually from 10 to 15% 
antimony ; they are much used in chemical 
plant, particularly for acid pumps. Alloyed 
with 10 to 25% tin, lead is used as a covering 
for iron (“ teme plate ”) for roofing purposes 
(see p. 374). For cable sheathing, water-pipes, 
etc., lead is usually strengthened by certain 
additions, e.p. small amounts of antimony or tin, 
or traces of calcium ; high-strength ternary 
alloys, containing cadmium (0-25%) with 
either tin (1-5%) or antimony (0-5%), and 
characterised by freedom from intercrystalline 
failure to which pure lead is liable vmder con- 
ditions of vibration, have been developed in this 
country (S. J. Nightingale, Dev. Kept. D.3, 
Brit. Non-ferrous Met. Res. Assoc. 1931). 
None of these additions, however, appears to 
affect appreciably the corrosion-resistance under 
soil jionditions (see “ Corrosion by Soils,” p. 384) 
A similar conclusion probably holds good for 
most water conditions also; see, for example. 
Nightingale, ibid. ; F. Mayer, “ Wiener Hoch- 
quellwasser und Bleirohre,” Berlin, 1934. 
Nevertheless, the susceptibility of lead to 
corrosion in soils containing decaying organic 
matter, and the “ plumbo-solvency ” of lead in 
certain natural waters must be borne in mind. 
The behaviour of lead and lead-base alloys 
towards natural waters has been surveyed, with 
extensive bibliography, by H. Ingleson (D.S.I.R. 
Water Poll. Res. Tech. Paper No. 4, London, 
H.M.S.O., 1934). Reference has already been 
made (p. 374) to the need for avoiding contact 
with oak ; it is also desirable to insulate lead 
(e.g. by bitumen-impregnated felt) from contact 
with cement, which, in presence of moisture, 
may cause serious corrosion (D.S.I.R. Building 
Res. BuU. No. 6 (3rd ed.), London, H.M.S.O., 
1935). 

Tin Alloys . — For economic and other reasons 
tin is most widely used in the form of coatings 
on iron and copper, tinplate as used in the can- 
ning industry being the outstanding representa- 
tive ; familiar exceptions are tinfoil for the 
wrapping of foodstuffs, block tin for condensers 
(distilled water) and for the handling of 
beer, sheet tin for collapsible tubes (dental 
pastes, etc.). The principle tin-rich alloys are 
Britannia metal and pewter ; formerly Britannia 
metal contained from 6 to 8% antimony, and 
pewter from 8 to 15% lead. Modern pewter, 
however, contains typically 5% antimony, 1 to 
3% copper, and no lead. Prom the corrosion- 
resisting stand-point T. P. Hoar (J. Inst. Metals, 
1934, 55, 135) has shoivn that the presence of 5% 
antimony is desirable, but suggests that the 
further addition of 1 to 3% copper is dele- 
terious. 

Silver Alloys . — ^The appb'cation of silver and 
silver-rich alloys in chemical engineering is 
naturally limited by economic considerations, 
but a number of practical uses, particularly for 
resistance to attack by alkalis, both fused" and 
in solution, has been described by D. McDonald 
(Proo. Chem. Eng. Group, S.C.I. 1931, 13, 50). 
“Sterling silver” (92-5% silver, 7-5% copper) 
^dely used for silver plate and ornamental work, 
is prone to discolour by tarnishing through the 
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action of traces of sulphur compounds in the 
atmosphere. Reflectivity measurements (Ver- 
non, Trans. Faraday Soc. 1924, 19, 882) showed 
a reduced amount of tarnishing on sterling silver 
containing 1'76% cadmium, provided that the 
surface was brightly poh’shed. H. A. Sloman 
(J. Inst. Metals, 1934, 54, 161) found that the 
addition of as little as 0-5% beryllium to silver- 
copper alloys approximating in composition 
t) sterling silver conferred a marked degree of 
immunity to tarnishing under quite drastic 
conditions, owing to the formation of a protec- 
tive self-healing film of heryllia. 

Zinc Alloys. — ^Although alloys in which zinc 
is the main constituent have little application as 
corrosion-resisting alloys there are cases in which 
corrosion becomes an important factor in deter- 
mining their use. An example is that of the 
zinc-base die-casting alloys (approximately 
4% aluminium) which, unless special attention 
is given to the purity of the materials, are subject 
to a form of intercrystalline corrosion, par- 
ticularly under warm, humid conditions. The 
action is accompanied by a dimensional change 
or “ growth ” (for discussion, see Russell, Good- 
rich, and Cross, J. Inst. Metals, 1928, 40, 239) ; 
this growth is probably caused by oxidation of 
zinc at the grain boundaries, hence the high 
oxide/metal volume ratio of zinc (p. 369) would 
be expected to contribute to mechanical failure. 
Minute traces of impurity (particularly lead) 
are primarily responsible and no trouble what- 
ever is experienced when zinc of the highest 
purity (exceeding 99-99%) is employed. For 
zinc used as a protective covering to iron under 
urban atmospheric conditions the presence of 
lead is advantageous (W. S. Patterson, J.S.C.I. 
1927, 46, 392) no doubt owing to the accumula- 
tion of relatively insoluble lead sulphate in the 
product. 

References (Books dealing -with Corrosion- 
resistant Alloys) : J. H. G. Monypenny, 
“ Stainless Iron and Steel,” 2nd ed., 1931, 
Chapman and Hall, London ; McKay and 
Worthington, “ Corrosion Resistance of Metals 
and Alloys,” 1936, Reinhold Publishing Cor- 
poration, New York. See also works recom- 
mended under Cokeosion, Geneeai. (p. 368). 
Moore and Liddiard, “ Corrosion-resisting Non- 
ferrous Alloys,” J.S.C.1. 1935, 54, 786. 

(3) Protection by Coatings. 

Protective coatings may be classified according 
as they have or have not a chemical bond with 
the imderlying metal. The former include 
both “ natural ” and artificially stimulated 
coatings of oxide and certain corrosion products. 
The latter comprise chiefly (a) paints, varnishes, 
and such-like, (5) metal coatings. 

Natural Protective Coatings. — ^A number 
of commonly used metals have appreciable 
resistance to corrosion by virtue of a film of 
oxide with which they are normally covered. 
Aluminium, for example, has a heat of oxidation 
among the highest of the common metals and 
yet is comparatively stable under many con- 
ditions. The formation of invisible oxide dims 
on iron and copper has already been discussed ; 
the “ stainlessness ” of stainless steel is due to 
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t>ie presence of a tenaciooa oxide film that U self* 
heahng under slightly oxidising conditions. 
Such invisible protective films may not in- 
appropnately be called “natural vamidies” 
A feature common to them all is that the pro- 
tection breaks doTvn. sometimea apectacalaxly, 
if the external conditions alter in such a way that 
the oxide film cannot be maintamed. 

A good example of a “ natural paint ” is 
provided by the green patma on copper. This 
IS a genuine corrosion product and is character* 
istie of attack by ait charged either with salt 
spray at the seaboard or with traces of com- 
bustion products inland, the essential consti- 
tuent being basic copper chloride or basic 
copper sulphate, the latter, however, being 
much the more widely distributed (see under 
General article). The protective character 
of the patina is probably due largely to the 
continuity and msoIubiLty of these basic com 
pounds, although there is some evidence that a 
thin film of cuprous oxide, which is invariably 
found beneath the green deposit in immediate 
contact with the metal, plays an important part 
. Unfortunately, it is the exception for a natural 
.. corrosion product to behave in this way , 
frequently its presence encourages further 
/attack on the underlying metal. 

Artificial Coatings Reinforcing or Simu» 
lating Natural Protective Coatings. — 
Protective coatings of oxide may be produced by 
thermal, chemic&t, or electcochemiciu tceatment. 
Ab old-estabLshed example of the thermal 
method le that of the Bower-Barff process for 
UOQ and steel, with its various mo^cations 
(Gesner, Bontempi, etc.) the essential part of 
which consists of heating the metal with super- 
heated eteam. Copper and copper nch alloye 
may be protected against tarnishing by thin 
films of oxide produced by low-temperature 
heating m air (V>>nion, J.C.8. 1926, 2273); 
these may either retam essentially the ongina! 
appearance of the metal or, according to 
temperature and time of heating, give pleasing 
interference colours that are highly permanent 
as distinct from films of sulphide of similar initial 
appearance. Immersion in an oxidising liquid 
is sometimes employed, ss, for example, tbe 
“ chromate ’’ dip for magnesium and tbe 
M.B.V. (Modified Bauer-Vogel) process for 
aluminium ; but such coatings have tbe dia- 
advantage that they are necessarily very thin. 

The industrial importance of aluminium and 
iis alloys led to various attempts to increase tbe 
thickness of the natural oxide film by electro- 
chemical means. The first process for the 
anodic oxidation of aluminium was patented in 
1924 by Bengough and Stnart, under the 
Department of Scientific and Industrial 
Research. In this process the metal is made the 
anode in a 3% solution of chromic acid at about 
4Q°C., using a neutral cathode, usually of stain- 
less steel ; it is largely nsed for the protection 
of duralumin in aeronautical work (Sutton and 
Sidery, J. Inst. MetsU. 1927, 28, 24). Recent 
developments have been described by R. W. 
Buzzard (J. Res. Nat. Bur. Stand. 1037, 18, 251). 
The process can bo appLed to other aluminium 
alloys containing not more than 4% copper, and 
the alumina coating (which contains incorporated 
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chromium oxide) has good resistance to wearu 
well as corrosion. It also has tbe property of 
acting ss a mordant for dyes, and articles lo 
treated may receive coloured finishes by immer 
Sion in suitable dye solutions ; alternatively the 
protection may be reinforced by lanolino or 
varnish, for which the coating provides an 
efficient bond. An advantage of the anodic ss 
compared with cathodic methods of protection 

15 tlmt whereas large and inaccessible areas can 
readily bo made anodic, there is great difficulty, 
aa already pointed out (p. 387), in rendering s 
largo area effectively cathodic. IHore recently 
other anodic processes have been introduced 
with the more particulat object of increasing 
the intensity of the colours for decorative 
purposes, but this object is achieved at tbe 

I expense of somewhat reduced efficiency on 
I account of the increased porosity of the coating. 
Tbese processes depend on the use of two mam 
I alternative electrolytes, solutions of sulphunc 
I and oxalic acids respectively ('* Alumihte *' and 
Bloxyl processes). Duplex baths containing 
I chromic acid are also used ; other patented pro- 
cesses employ small amounts of morgamc salts 
for tbe production of coloured or black coatings 
I The treatment is followed by application of 
“ eealiDs compounds ” for the purpose of 
fixing the colour and increasing resistance to 
corrosion. 

Corrosion products other than oxide films are 
not often sufficiently protective to warrant their 
stimulation by artificial methods. The green 
Mtioa on copper is exceptional, and here the 
desire for the rapid production of the patina 
arises also from its testhetio value and tho 
long period of some 10 or 20 yean normally 
required for its development. An interesting 
artificial method (Vernon, J. Inst. Metals, 1932, 
49, 153 ; see alto Freeman and Kirby, Metals 
and Alloys, 1933, 3, 190) is that in which the 
specimen is made the anode in an electrolytic 
bath kept at 95^C. and containing magnesium 
sulphate and hydroxide, with potassium brom- 
ate as oxidising agent. In as short a time as 

16 minutes (or even sooner with appropriately 
high current density) a green patma is produced, 
which, however, at ^t consists of a basic 
sulphate, CuSO.-Cu(OH)}, analogous with 
malachite. On subsequent exposure, the colour 
is maintained, whilst the basicity increases m a 
eimdar manner to that of the naturM patina 
(supra). A further method (Vernon and 
Stroud, B.P., 1038, under Department of 
Scientific and Indnstnal Research), consisting of 
spraying the surface with thionyl chloride or 
other chlorine derivative of sulphuric acid, has 
the advantage that it can be applied in situ to a 
surface already blackened by exposure. 

More commonly, nature is imitated in the 
spirit rather than the letter by the development 
of a reaction product which, whilst protecting 
the underlying metal, finds no counterpart m 
any natural process. Such, for example, is th# 
case with the various photphale coaUngt on iron 
and steel. These originated in 1006 in the pro- 
cc^ of Coslett (Birmingham), whereby the 
articles were treated m a hot solution of 
phosphoric acid to which iron filings were added 
“ Parkensing,” employing a solution of 
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and manganese phosphates, gives a protective 
and decorative (blackish) coating having many 
practical applications. “ Bonderising ” (much 
used in the automobile industry) is similar, but 
the bath contains substances that greatly speed 
up the reaction and the coating is used mainly 
for increasing the adhesion and permanence 
of a subsequently applied paint or varnish. 

The protection of •magnesium and magnesium 
alloys, of importance in aeronautical con- 
struction, is limited almost entirely to chemical 
methods, with or without the subsequent appli- 
cation of paint. The “ I.G. chromate dip ” 
employs a hot solution of sodium dichromate in 
nitric acid, producing a yellowish iridescent 
film, the protective value of which is limited. 
A development of this is the alum-dichromate 
process of Sutton and Le Brocq (J. Inst. Metals, 
1931, 46, 53 ; 1935, 57, 199). The selenising 
process of Bengough and Whitby (ibid. 1932, 48, 
147 ; Trans. Inst. Chem. Eng. 1933, 11, 176; 

D. S.I.R. Rep. Chem. Res. Board, 1934-7, 
London, H.M.S.O., 1938) involves immersion of 
the metal for a few minutes in a solution of 
selenious acid or acidified sodium selenite and 
produces a surface film of selenium which has 
considerable self-healing properties. Under test 
with sea-water spray the difference in behaviour 
between coated and blank specimens is spec- 
tacular, for the latter may disappear entirely 
whilst treated specimens remain comparatively 
unaffected. In both the alum-dichromate and 
the selenium processes (both of which are 
covered by British patents) the coating appears 
to find its most promising application as a base 
for paints. 

Reference (Natural and Artificial Films). — 

E. S. Hedges, “ Protective Films on Metals,” 
2nd ed.. Chapman and HaU, London, 1937. 

Paint and Allied Coatings. — The preserva- 
tion of iron and steel by means of paint, for 
which, according to Jordan and Whitby (infra) 
some 40 million gallons of paint are used annually 
in Great Britain alone, involves many factors 
associated both with the paint and with the 
metal. A paint system is complex and its 
components — ^pigment, vehicle, thinner and 
drier — are interdependent in their contributions 
to the properties of the whole. It is usual, 
however, to classify protective paints according 
to the effect which the pigment may be expected 
to have per se on the corrosion of iron. Three 
types may be recognised, according as corrosion 
is likely to be (1) inhibited, (2) unaffected, 
(3) stimulated, by the pigment alone. 

Characteristic examples of inhibitory pigments 
are provided by chromates (e.g. basic lead 
chromate, zinc chromate) and in this case the 
mechaiusm almost certainly resembles that of 
similar inhibitors in immersed corrosion, tending 
to render the iron passive. They are most usefully 
employed as “ priming paints,” in immediate 
contact with the metal. By far the most widely 
used primer is red lead, but here the passivating 
effect is probably supplemented by the forma- 
tion, by reaction with the linseed oil, of lead 
compounds of high molecular weight which 
serve to cement the particles of pigment 
together. In practice, litharge normally present 
in commercial red lead is mainly responsible for 
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this reaction. “ Non-setting ” red lead, having 
the minimum content of litharge, has been 
deprecated for corrosion-protection, particularly 
of ships’ hulls, (A. McCance, Trans. Inst. Eng. 
Scotland, 1936, 333) ; on the other hand, J. C. 
Hudson states (Proo. Chem. Eng. Group, S.C.l. 
1937, 19, 32) that satisfactory results have 
been obtained from non-setting red lead in the 
Iron and Steel Institute Corrosion Committee’s 
tests. Probably the desideratum is a com- 
promise in which the optimum proportion of 
inhibitory and setting capacity (depending on 
the type of work to be protected) shall be 
retained. For many purposes red lead may be 
safely diluted by the addition of varying pro- 
portions of inert “ extenders,” e.g. barytes, 
or asbestine. 

Priming paints usually need to be reinforced 
by a top coating either for the purpose of healing 
mechanical defects in the undercoat or by 
effecting a more efficient exclusion of the 
surrounding liquid or atmosphere. For this 
purpose pigments of either groups (2) or (3) 
may he used. Red iron oxide is used extensively 
and confers good durability. Intrinsically 
neutral in character it may function either as an 
inhibitor or stimulator according as it is 
associated with alkaline or acid impurities from 
its manufacture. Recent developments include 
the use of red iron oxide with red lead or zinc 
chromate (mixed pigment) to give a combined 
priming and finishing coat. White lead (basic 
lead carbonate) and zinc oxide have mild 
inhibitive properties, but are more appropriately 
included with pigments of the second class ; 
excellent as finishing coats for many purposes, 
they shoidd not be used as primers where 
corrosion conditions are severe. The essentially 
chepiical and physical mechanisms underlying 
protection by red lead and red iron oxide have 
been shown by laboratory experiments (Lewis 
and Evans, J.S.C.I. 1934, 53, 29) and by field 
tests (Britton and Evans, J.S.C.I. 1932, 41, 215) ; 
they have also been demonstrated by an electro- 
chemical method (time-potential curves) hy 
Bums and Haring (Trans. Electrochem. Soc. 
1936, 69, 169). 

Pigments of the third class include such 
substances as graphite and certain metallic (e.p. 
bronze) pigments, which, on account of their 
cathodic nature, cannot normally be employed 
in direct contact with the metal. Their value 
lies either in their good weathering properties 
or in their ability to exclude moisture, and' 
hence they are employed with advantage 
as finishing coats. In the case of graphite, 
exclusion of moisture is due largely to the 
“ flakey ” nature of the particles, the flakes lying 
on the surface with their long axes parallel to. the 
metal. This property is also possessed -by 
micaceous iron ore, a neutral pigment that is 
stated to be specially resistant to tropical con- 
ditions. Aluminium in the metallic condition 
might be expected to undergo “sacrificial 
corrosion ” in contact with iron, but in practice 
the particles are probably sufficiently oxidised 
to render them neutral in character ; they also 
have the advantage, to an even more marked 
extent than graphite, of a “ flaky ” or “ leafy ” 
nature. Metallic lead pigments are relatively 
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inert and are durable under moat con* 

ditiona. 

Of aTaOable media, linseed oil ia b 7 far the 
moat TTidely used. Heat.treatmect of the oil 
reduces the penneabilitj of the paint film to 
water vapour and also its liability under certam 
conditions to act as a depolanser for nascent 
hydrogen and hence to facilitate corroaion. 
lloreover, the alkali reproduced at cathodes 
during corrosion in salt solutions ia more likely 
to produce '* alkaline peeling ” of the paint film 
if raw, and hence more saponifiable oil is cm* 
ployed. Permeability to water vapour may be 
atill further reduced by the addition of certain 
gums, waxes or resins. For special purposes, 
where high pcimeabilily to water is required, 
tung oil may be wholly or partially eubatituted 
for linseed oil. For moat oil paints there is 
probably an optimum ratio between medium and 
pigment content (J. N. Friend, J. Oil Col. Chem. 
Assoc. 1022, 5, 276), but if the pigment is in* 
hibitiTe (s g, red lead) rather than non-inbibitive 
{tg. red iron oxide) loner proportions are 
permissible without detriment to corrosion- 
protection (Bntton and Etsob, J S.C 1. 1032, Si, 
t 21 IT). Jordan and Whitby (m/ra) recommend, 
' however, even with inhibitive pnmera, a pig 
ment concentration as high as is consistent «im 
penetration of the paint into all crannies and 
irrenlanties. The proportion of “thinner” 
(if this IS the usual turpentine or aUematively 
white spirit) is important from the corrosion 
protection stand-point probably only m so far 
as It controls the thickness of the resulting 
paint film. “ Prving ”* of the Imseed oil in a 
paint film is catalysed by the “ drier ” (certain 
compounds of lead, cobalt, or manganese) of 
ubieh no more should be used than is necessary 
to ensure the drying of the paint within a 
reasonable time, depending on the conditions of 
exposure. A greater proportion of carefully 
selected driers is usually employed in paints for 
under-water service (see under *' Corrosion of 
Metals — Corrosion of Ships’ Hulls,” avpra). 

The preparation of the metal surface previous 
to painting is of greatest importance. If the 
paint coating is to have maximum life, all mill- 
scale or rust should be removed. The danger of 
mill scale is its Lability to peel on exposure carry- 
ing with it en lloe the overlying paint. As, 
however, the scale ia itself intrinsically resistant, 
there is hope of progress in the production of a 
thin scale that will have no tendency to peel. 
The danger of rust Lea in its hygroscopic and 
adsorptive character. If electrolytes are present 
on the surface beneath the paint film this may 
act as a membrane through which moisture may 
pass osmoticaUy from outside, even though the 
paint may bo thoroughly dried before exposure 
(BsTiell and Van Loo, led. Eng. Cbem. 192G, 
17, 10S2). Removal of scale may be effected (I) 
naturally, by weathering, (2) mecbamcally, by 
aand blasting (wire-bnisbmg is more suilalM for 
the removal of rust), (3) chemically, by pickling 
processes. Insufficient weathering often cansca 
trouble, since the flaking of residual scale may 
continue after the paint is applied. Sand Mast- 

* For the clwmlitry oC the drrtaa ptoces* aod of 
paints EcnersUy articles on ''Psint'' should he con- 
sulted. 


ing has certain Lmitatlons, but has the obvioui 
advantage of rapidity. J. C. Hudson (Vth Rep. 
Corr. Ctte. Iron and Steel Inst. 1033) states 
that pickLng, os compared with partial weather- 
ing and careful hand-cleaning, increased tbs 
Lfe of pamt films by more than 150%. PickLng 
la usually carried out ia a hot dilute solution of 
either hydrochloric or sulphuric acid, preferably 
the latter, with the addition of an mhibitor for 
the purpose of confining the attack to the scale 
and protecting the metal itself. Adequate nash 
ing. preferably in water containing alkali, 
ebould follow pickLng. The use of phospboiit 
acid, at suitable dilution and temperature, boa 
been advocated on the grounds that it leaves a 
film of basic iron phosphate, which increases tio 
adhesion of paints, and washing may then be 
dispensed with. Alternatively, scale may be 
removed by the cheaper sulphune acid, and a 
smaller amount of phosphono acid appLed 
after an intermediate washing (H. B. Footner, 
Vlh Rep. Corr. Ctte. ibid. 369). In any cose 
the surface should be thoroughly dry before 
painting is commenced, Moreover, adequate 
time should be allowed for any coat of pamt 
to " dry " or set before the succeeding coat is 
applied. The foregoing remarks have referred 
particularly to iron and steel surfaces. The 
painting of non ferrous metals may present 
special considerations, usually in tbs direetioD of 
providing a suitable cbemlca) bond to ensure the 
adhesion of the pamt: certain available methods 
have been discussed above. Trouble ii 
freqoently experienced m the pointing of 
galvanised surfaces (hot-dipped tins costings): 
this may be overcome either by a prehminaiT 
weathering of the sheets, or by a suitable 
etching treatment (Vth Rep. Corr. Ctte, ibid. 
303); see obo“Hot-dippli>g Processes”, p.S96. 

Oreatt CoaUngt and Slutking Comptymii’^ 
For the temporary protection of iron and steel 
articles, machine parts, etc., during fabrication 
or storage, coatings of grease am employed 
which may subsequently bo removed by an 
organic solvent. Foe this purpose lanohne is 
especially efficaceous and is usually employed 
ID the form of solution in white spirit or solvent 
naphtha, the evaporation of which leaves the 
grease film uniformly distributed. Alternatively 
the grease may be apphed in the form of sn 
emulsiQn with an aqueous solution of sodium 
dichromate, or even with soap solution, such 
mixtures being generally known as “ elushisg 
compounds.” 

Eeferenees (Paint Coatings).— Jordan and 
Whitby, “ The Presesvation of Iron and Steel 
by Means of Paint,” 1936, Research Association 
of Bntiah Faint, Colour, and Vnmisb Manu- 
facturers, Sixteenth Bulletin; L. A Jordan, 
**Tbe Preparation of Metal Surfaces for Point- 
ing,” Chem. and Ind 1937, 68, 361. (Fof 
Protection of Ships’ Hulls, including Anti- 
routing Preparations, see Cobsosiou, GesersU 
p. 38*. 383). 

L^uera and Varntahea. — For protection 
against tamiabing of polished surfaces, t g. of 
copper and silver and their alloys, transparent 
films of lacquer or varnish are employed. 
Formerly a natural rcem (usually BheUac) 
was the invariable component ; in a “ lacquer 
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this was dissolved in a volatile solvent {e.g. \ 
methylated spirit) the rapid evaporation of 
which yielded a film dry to the touch very 
quickly after application ; in a “ varnish ” the 
medium was a drying oil (incorporated by heat- 
treatment) the setting of which occupied a much 
longer time, the resulting film, however, being 
tougher and more elastic. Whilst this distinc- 
tion between a lacquer and a varnish is still 
roughly true, natural resins are now very 
largely supplemented by a wide range of so-called 
synthetic resins. (For detailed information, see 
“ Synthetic Resins and Allied Plastics,” by 
Barry, Britton, Langton, and Morrell, London, 
Oxford University Press, 1937. Also “ Modem 
Developments in Plastics,” by Sir Gilbert 
Morgan, Chemistry and Industry, 1937, 56, 103). 
These were at first of phenol formaldehyde type, 
available only in the form of the simple spirit 
solution (e.p. “ Novolak ”) but many t3rpe3 of 
oil-soluble resins are now employed in the 
manufacture of protective varnishes. Certain 
of the modified phenolic derivatives find use 
in protecting metal surfaces against industrial 
fumes. They are also used as storing lacquers 
for the protection of tinplate against acid 
juices, their freedom from odour and taste 
rendering them particularly valuable for the 
purpose. A. F. Brockington (J. Electro- 
depositors’ Tech. fioc. 1937, 12, 133) states, 
however, that the modified alkyd types of phenol 
aldehyde resins are seldom used in the un- 
pigmented state on metals since they have an 
acid reaction and tend to tarnish copper and 
hraSs during stoving. Other oil varnishes 
employing synthetic resins (e.g. those obtained 
from polystyrene and coumarone) have good 
alkali-resisting properties. 

“ Cellulose lacquers ” consist usually of a 
solution of cellulose nitrate in a mixture of 
solvents (amyl acetate, etc.), but in modem 
practice either natural or synthetic resin is 
usually incorporated for the purpose of improv- 
ing the adherence and gloss of the dried film. 
The mixture also includes, in common with 
other “ cold lacquers,” a certain proportion of 
higher alcohols, their function being to prevent 
too rapid volatilisation of the solvent with 
consequent “ blooming ” or “ blushing ” of the 
film; this term refers to a defect caused by 
precipitation of moisture when a lacquer is 
apphed under humid conditions. Cellulose 
lacquers, commonly applied by spraying, are 
particularly suited for highly polished surfaces. 
Both cellulose and gum lacquers may be tinted 
■with suitable dyes. The vamish-Iike nature of 
certain invisible oxide films (p. 392) may be 
recalled; it has been suggested (Vernon, Res. 
Rep. Brit. Non-ferrous Met. Res. Ass., Nov. 
1927, 9) that the production of such films by 
heat-treatment (e.g. on brass) might -with 
advantage precede the application of lacquer, 
thus reinforcing the protective effect (partly by 
pro-viding a better chemical “ bond ”) whilst 
retaining the natural colour of the original 
surface. The application of lacquers and 
varnishes to thicker (visible) films produced fay 
chemical treatment is common practice; they 
may either supplement the protective efect of 
the primary coating (e.g. protection of aluminium 
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and magnesium alloys, p. 392) or they may 
serve to protect a decorative coating (as pro- 
duced in certain metal-colouring processes) 
which itself may have little protective value. 

The lacquering or varnishing of tinplate for 
food containers has for its object not so much the 
supplementing of the protection of iron by tin 
as the suppression of certain reactions between 
tin and fruit juices which may cause either 
blackening of the tin or discoloration of the juice. 
Indirectly, indeed, the lacquer coating, if 
imperfect, may lead to local attack on the tin, 
and by concentrating the attack at the weak 
places may bring about the perforation of the 
container. Walker and Lewis (J. Ind. Eng. 
Chem. 1909, 1, 754) suggested that in such 
cases a varnish film might, by acting as a 
hydrogen acceptor, facilitate the depolarisation 
of hy£ogen even in the absence of oxygen and so 
accentuate the anodic attack on the adjacent 
bare places. Morris and Bryan (D.S.I.R. Food 
Investig. Reps. 1933, 145) conclude that the 
lacquer film in modem practice is inert although 
the tin coating beneath may play some part 
electrochemicafiy. They recommend (ibid. 1936, 
169) supplementing the usual pre-fabrication 
lacquering of the tinplate ■with a ^al lacquering 
of the can interior with a quick-stoving lacquer. 

Chlorinated rubber has within recent years 
received considerable attention as a protective 
coating (G. Schultze, Korr. u. Metallschutz, 
1936, 12, 249 ; J. P. Baxter, Chem. and Ind. 
1936, 55, 407). In the form in which it is 
typically applied — a solution in xylene or other 
solvent with incorporated plasticisers such as 
certain chlorinated hydrocarbons — it is analo- 
gous to a synthetic resin lacquer. Pigments 
may, however, be added, with or without a 
proportion of drying oil (e.g. tung oil) and hence 
certain mixtures resemble oil paints. The 
essential feature of the chlorinated rubber 
coating, besides its high elasticity, is its capacity 
of giving a high resistance to chemical attack, 
both acid and alkali; it appears to be well 
suited for under-water protection, particularly 
under tepid conditions, as in thermostats, etc. 

Bituminoue Coalings . — The simple “ bitumin- 
ous paints ” are not true paints as previously 
defined. They consist of either natural asphalt or 
pitch (petroleum residual or coal tar) dissolved in 
a volatile spirit (e.g. white spirit, solvent naphtha, 
etc.) BO that drying, as distinct from the 
“ drying ” of an oil paint, consists merely in the 
evaporation of the solvent. Such bituminous 
coatings afford good protection to iron and steel, 
sometimes under conditions such as would bo 
deleterious to ordinary oil paints (e.g. atmo- 
spheres polluted by chemical fumes) ; they are, 
however, adversely affected by excessive sun- 
light. They are widely used for stmctural work, 
for which purpose they are improved both 
aesthetically and in durability by pigmentation, 
particularly -with aluminium powder. Excellent 
results, for example, have been quoted for the 
use of tar paints containing 12 to 15% aluminium 
(Vth Rep. of Corr. Ctte., Iron and Steel Inst. 
1938, 320) ; the aluminium floats to the surface 
of the film which, when dry, has practically 
the' same appearance as an aluminium paint 
proper. A modification of bituminous paint, 
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oalngbitoineii together with dxyiiig oQ additiona, 
the coating being “ etoved ” after apphcatioiif 
results in black “ japan.” For the protection 
of pipelines underground, coabtar pitch, the 
basis of the well Imown “ Angus Smith com> 
pound,” is extensively employed. The original 
patent (1848) specified the use of linseed oil as 
an addition to the pitch to obtain the right 
consistency and elasticity. In modem practice 
the pipes are heated and immersed in the molten 
bath of refined coal tar pitch (sometimes with 
certain “filler” additions) and frequently the 
coating is reinforced with hessian or similar 
matenal. Pamage to this protective coating in 
transit from the mill to the trench may result 
ID local failures in service. For marine con- 
ditions, J, N. Friend (P S l.R. “ Petenoration 
of Structures in Sea-water,” XVth Rep. Ctte. 
Inst, CiT. Eng. 1935, 85) reports excellent 
results from the use of coal tar coatings on iron 
and steel, and states that coal-tar from bonzontal 
retorts was aupenor to that from % ertical retorts, 
whether apphed hot or cold , it was improved 
by the addition of slaked Lme (see al»o “ Corro- 
sion and Protection of Ships’ Hulls,” p. 382). 
“ Bituminous Materials in Pamt '* have been 
surveyed by L. A Jordan (Res. Assoc. Brit. 
Paint Manufac. 14th Bull. 1035); see alto 
Jordan and Whitby, 1036, #t/pra. 

Metal Coatings. — The non-ferrous metab 
most commonly applied m the fbrm of thin 
coatmgs for the protection of iron and steel are 
alumimum, lead, tin, and zme Methods of 
appheatlon include either purely metallurgical 
processes (rolling, hot-dipping, cementation, 
sprayine] or electro deposition. 

“ nolud-on ” ConUn^) — In the “ old Sheffield 
plate *' process (rendered obsolete by the intro 
auction of silver plate) thin sheets of silver were 
beaten on to copper, the operation bemg 
assbted by beat. Within recent years the prin- 
ciple has been revived m “ metsi cladding ” 
processes. Thus, copper-clad and nickel-cUd 
steeb are produced by rolling or drawing a 
heated billet of steel “ sandwiched ” between 
plates of the protecting metal Alummium clad 
steel has been proposed as a substitute for tui- 
plate in the canning of foodstuffs. A promising 
development b the rolling of a I encer of stainless 
steel on to an ordinary steel base Aluminium 
alloys of the duralumin type (having high 
strength but a susceptibihty to intergranular 
corrosion from which the weaker alumimum is 
free) arc similarly covered with pure alnmiiuum. 
The duplex material (Amencan “ Alclad,” 
British “ Aldural,” German “ Allautal ”) is 
used extensively in aircraft. Alternatively (aa 
m “ duralplat ”), a relatively resistant sthcon- 
aluminium alloy (free from copper) may bo 
used for the outer layer, the rather less resistance 
to corrosion being compensated by the greater 
resistance to wear. 

Hot-Dipping ProusseJ — Hot-dipping is em- 
ployed principally for coating iron and steel with 
tin or zme (tinplate and “ hot-galvanbing ” 
industries). In each case the bond with the 
underlying metal is provided by a certain 
amount of alloying. Exceedingly thin on tin, 
tho alloy layer reachea much grosser dimensions 
on zinc, where two and occasionaUy three inter- . 
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mediate layers can be detected, each character- 
bed by an intennetaUio compound. Advantage 
b claimed for a process of subsequent anneahsg 
forthe purpose of removing mechanical weabets 
set up by the presence of these byers. In aH 
cases scale 8.dhermg to the metal must be 
completely removed by pickling prior to the hot- 
dipping. The composition of both baab and 
covering metal b usually more rigidly controlled 
for tinplate than for galvanised iron. Metallic 
additions, for example, are not normally made 
to the tin bath, but to the zino bath very small 
quantities of either aluminium or tm are 
commonly made with the object of mcreaamg 
the fluidity of the bath or improving the appear 
once of the coatmg. Tinplate finds its wideet 
application in the manufacture of food contamera 
and dairy utensib, whibt galvanised iron b used 
for roofing and for much large-scale work exposed 
to the open air. (Hot tinning is also apphed to 
copper articles, particularly water pipes and 
cooking utensils.) Tm and zme are normally 
cathodic and anodic respectively to iron [ue 
“ Electro-potential Senes,” Table III, p. 376). 
Hence, in the event of the underlying metal 
becommg exposed at any pomt, in the presence 
of a auitable electrolyte, the iron ui contact with 
tm IS attacked preferentiaUy, leading to per- 
foration of the sheet, whibt a zmo coating, under 
sinuiar conditions, will nndergo “ sacrificial 
corrosion ” where the underlying metal is ex- 
posed and thus protect it from attack. Circum 
stances sometimes arise, however, m which a 
reversal of polarity takes place, as, for exai^Ie, 
with tinplato in the presence of certain fruit 
jnicea. it is important that a certam mmiiauni 
thickness of coatmg should be exceeded if a 
reasonable life is to be assured This is a general 
rule that apphes to all metallic coatings, which 
frequently depend for tbeir corrosion resistance 
on the ability to build up a protective film in the 
particolar environment m wkch they are 
placed. This normally involves an initial period 
during which the coating itself u contributing 
to the fonsation of the protective layer, and ite 
initial thickness should thus be at least sufficient 
to survive this mterim period. This sppLei 
equally to coatmgs of the anodic type, smee the 
conditions which result in “saerifieial” corrosion, 
and hence loss of the protective coatmg, should 
be avoided. 

Galvanised iron, when used for structural 
work exposed to the open air, is frequently 
further protected by painting. The unsatw 
factory adherence of pamt to the galvanised 
coating may bo overcome by a prelinunaiy 
period of weathering ; various solutions (< f 
oxalic acid), are abo employed for etching the 
freshly deposited coating prior to painting («« 
p.39t). 

Teme plate consbts of iron or steel sheet costed 
(by hot-dipping) with a lead alloy containing 10 
to 25% tin. (Lead itself does not give a satis- 
factory hot-dipped coatmg on steel owing to the 
absence of any alloy “ bond.”) It » largely 
used for roofing as a substitute for lead sheet or 
galvanbed iron, but painting is usually 
sary ; this b facilitated by the readiness with 
which pamt adheres to the material without any 
preliminary treatment. 
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Cementalion Processes. — ^The principal cemen- 
tation process (heating of the previously cleaned 
basis metal with the eoating metal, the latter 
in powdered form, usually “ diluted ” with 
oxide) is that of “ sherardising,” due to the late 
Sherard Cowper-Coles, in which iron or steel is 
coated with zinc. The process is particularly 
suited for small articles, such as bolts, nuts, 
screws, for whieh it has the advantage over hot- 
dipped coatings in respect to a considerably 
smaller dimensional change. The coating differs 
principally from the hot-dip coating in that 
there is usually only one alloy layer, whilst 
the outer layer of pure zinc is often not repre- 
sented at all. It is in the uniformity and con- 
tinuity of the alloy layer that the corrosion 
resistance of sherardised coatings principally 
depends. This alloy is normally anodic to iron 
but less so than zinc. 

The analogous process of cementation by 
means of aluminium (calorising) is used more 
particularly for protection against oxidation 
at high temperatures, where the protection is due 
to the refractory properties of the film of alumina. 
The coating is also useful for protection against 
sulphurous fumes. 

Metal-spray Processes. — The process devised 
by Schoop in 1910, whereby a spray of finely 
divided metallic particles is ejected from a 
blowpipe or “ pistol,” has within recent years 
assumed important industrial dimensions. 
Metal wire is supplied to the pistol, in which it is 
melted at the tip by an oxyacetylene flame, 
atomised by excess of gas, and carried forward 
at a relatively low temperature (actually below 
the ignition point of a match). Adhesive 
deposits of various metals may be sprayed on to 
steel, which should be previously sand-blasted 
to obtain the necessary “ keying,” since no 
appreciable alloying occurs. An obvious advan- 
tage of the method is its ability to apply a 
protective metal coating to structures, in situ. 
Recent modifications, as the Schori processes, 
have aimed at increasing the speed of working 
by supplying metal powder to the pistol instead 
of wire ; this process also sprays metal/glass 
mixtures which are claimed to provide flexible 
coatings of metal silicate resistant to sea-water 
attack. Marked resistance to corrosion in 
industrial and marine atmospheres has been 
obtained by the spraying of thin coatings of 
aluminium on steel by the ordinary method, 
particularly when the coatings have been 
subsequently treated with cellulose lacquer 
(W. E. Ballard, Trans. Manch. Assoc. Eng. 
1935, 113). The possibility of using sprayed 
metal coatings for the protection of ships’ hulls 
is referred to in the Fifth Report to the Iron and 
Steel Institute Corrosion Committee (Z.c., 219). 

Electro-deposited Coatings. — ^Much research 
has been carried out with the view to increasing 
the efficiency of electro-deposition processes, 
by which a wide range of protective metal 
coatings are now produced. It has been shown 
that interaUoying of coating and base does not 
take place, although in certain cases slow diffu- 
sion may occur subsequent to deposition. On 
the other hand, the relationship may be so 
intimate that the lattice of the basis metal may 
be continued and the structure exactly copied 
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by the deposit (A. W. Hothersall, Trans. 
Faraday Soc. 1935, 31, 1242). 

Electro-deposition has the advantage of pro- 
ducing a uniform coating under controlled 
conditions with little dimensional change. It 
is particularly suitable for small articles of 
irregular shape, but for special purposes may be 
applied to large-scale work. Small articles are 
frequently plated in bulk by the “ barrel ” 
method ; a rotating barrel dipping into the 
electrolyte contains the articles, the mutual 
contact of which ensures electrical connection 
and provides a certain burnishing action which 
improves the appearance of the deposit. 

Zinc coatings are produced commercially by 
each of the four main methods ; the term 
“ galvanised ” iron, however, almost invariably 
refers to the “ hot-dipped ” coating. Tin 
coatings are produced to a comparatively small 
extent by electro-deposition, which has, however, 
been recommended for supplementing the hot- 
dip process, the two operations yielding a coating 
that is practically free from pores. 

Nickel-plating on iron and steel is carried out 
on the largest scale. Excellent protection 
against corrosion is afforded under many 
conditions, nickel coatings being particularly 
suited for parts of equipment which must 
resist both eorrosion and abrasion. In atmo- 
spheres containing traces of sulphur dioxide, 
provided a critical relative humidity of approxi- 
mately 70% is exceeded, the polished surface 
undergoes a characteristic filming or “ fogging ” 
(see General article xmder Atmospheric Corro- 
sion). In modem practice nickel coatings are 
covered, for decorative purposes, with a film of 
electro-deposited chromium. This resembles 
nickel in its extreme hardness and resistance to 
wear, fine appearance, and ability to take a high 
polish, but has the advantage of freedom from 
fogging. (Small amounts of chromium alloyed 
with nickel also inhibit fogging, but the two 
metals cannot, as yet, be deposited simul- 
taneously.) An analogous recent development 
is the plating of a thin film of rhodium on 
electro-deposited silver. This retains the advan- 
tages of silver plate with freedom from tarnish- 
ing, to which unprotected silver is characteris- 
tically liable in atmospheres containing traces of 
sulphur compounds. 

The USB of electro-deposited cadmium is 
I increasing considerably. Whilst it appears to 
have no appreciable advantage over zinc for 
open-air conditions, its whiter and pleasanter 
appearance, particularly when polished, is 
advantageous for indoor purposes, as in electrical 
and radio parts. In the Udylite process, iron 
articles, after electroplating with cadmium, are 
i heated at 150° to 200° for several hours. 

I Arising from difficulties in producing coatings 
\ of lead by other methods (e.g. absenee of alloying 
in hot-dip and cementation processes and health 
; hazards in spraying processes) developments 
have recently taken place in the large-scale 
electro-deposition of lead on iron for roofing and 
constructional purposes (F. W. Hay, Metallur- 
gist, 1937, 11, 23). High resistance to industrial 
atmospheres is brought about by the formation 
of a surface film of insoluble lead sulphate. 
Developments in electroplating are surveyed by 
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8. Wernick (Cbem. and lod. 1934, 53, &18: 
Ind. Chem. 1935, 11, 233). Ste oIm vorica 
recommended below. 

TisTisa or MEXiLtio COiTrsos.— Many 
metboda ere in use for testing soondnees, thiclc* 
ness, and a^esion of metal coatings. One of the 
earbeat schemes for detecting pinholes was by 
means of the ferroxyl indicator of Cushman aM 
Walker. This is prepared by the addition of alittle 
potassium ferrieyamde and phenolphtbalein to a 
dilute solution of eulpbunc acid ; a con'venient 
method of carrying out the test is to use a lest 
paper saturated with the reagent, which is 
pressed on the surface. In the case of a cathodic 
coating (c g. nickel on iron) the position of the 
pinholes is indicated by a blue spot of ferrous 
ferricysnide where iron passes into solution. 
For tinplate, Macnaughtan, Clarke, and Pry- 
therch (J. lion and Steel Inst. 1932, 125, 159) 
recommend a solution containing aodium 
chloride with potassium femcyanide ; they also 
obtain excellent results from a simple “hot 
water test,” observing suitable precautions. 
Pinholes in anodio coatmgs (e g. zinc on iron) 
are more difficult to demonstrate, but usually 
they are of less consequence in practice. The 
thickness of zino deposits on iron is still deter- 
mined by the old eatahluhed Preece test ; this 
eonsists in repeated immersion of the samples 
(usually galvanised wire) m copper sulphate 
solution at one minute intervals, the number of 
immersions required to produce a deposit of 
copper on the basis metal giving an indication 
of the thickness of the costing. A number of 
methods have been proposed for overcoming 
certain objections to the Preece test. Britton 
(J, Inst. Metals, 1936, 58, 211) makes the 
sample the anode of an electrol^o cell at a 
fixed current density and notes the time taken 
to remove the coatmg from a given area. The 
tl^ckness of tin coats on iron is determined 
rapidly by Clarke by removal in a solution of 
bydrochlorio acid and antimony chloride, the 
Utter preventing attack on the iron. In tbe 
“ B.N.F. jet test” the thickness of the coating 
at any desired pomt is determined by measurmg 
the tune required for perforation of tbe coating 
by a jet of an appropnate solution which is 
aUowed to impinge on the surface at a conatant 
pressure. It is applicable to a wide range of 
coatings (8. G. Clarke, J. Flectrodep. Tech. 8oc. 
1036, 12. 157; 1937, 12, 1-18). Methods of 
testing zinc costings have been comprehensively 
surveyed by X» Kenworthy (J. Inst. Bletals, 
1037, 61, 143). 

jiefertncei (Books dealing with Metal Coatmgs) 
H. S. Rawdon, ” Protective Metalhc Coatwga,” 
Chemical Catalog Company, New York, 1928, 
li. Bablik. “Galvanising,” 2Dd ed. (English 
translation), E. & F. N. Spon, London, 1036; 
E. 8. Hedges, “Protective Films on Metals,” 
2nd C^pman and Hall, London, 1037. 

W. H. J. V. 

CORROSIVE SUBLIMATE. Mercuric 
chloride. 

CORUBIN. An artificial corundum (v. 
Aehasives and CoEOTnun.) 

CORUNDUM (Fr. Conndon ; Ger. Xorund; 
from the Hindi hinind, Sanskrit l-tiratin^). 
Crystallised alumina (AljOj). The c^stals 
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belong to the rhombohedral system, and an 
isomorphous with hiematite (Fe,0,). They 
vary considerably in habit, having the form 
of hexagonal pnsms, pyramids, or tables. In 
some crystals the combmation of six faces of the 
primary rhombohedron with two faces of the 
basal pinacoid produces a form stnluagly 
eimilar to the tegular octahedron. There i» ns 
true cleavage, but often the crystals and crystil. 
line masses show a pseudo-cleavage or parting 
parallel to the basal plane or to one or raott 
faces of the primary rhombohedron, due to 
lamellar twinning on these planes. On tbeu 
surfaces the lustre is sometimes pearly, but 
otherwise it is usually vitreous, or mchmag to 
adamantine in diaracter. The fracture is un 
even to conchoidal ; and the sharp jagged 
edges of the irregular grains give effect to tb» 
cutting power of the material when used assn 
abraAing agent. Analyses show the presence 
of 95-99% of alumina, with small amounts of 
feme oxide, magnesia, silica, water, etc, and 
sometimes traces of chromium. Sp gr. 3 9-4 1. 
The crystals are optically uniaxial and negative ; 
refractive indicesfor sodium-Ueht w 1'768, 1 1 760. 
The dichroism is marked. Next to diamond, 
It IS the hardest of minerals, being placed u 
No 9 in the scale of hardness , on this account 
It was formerly known as adamantine spar. 

A distmction is made between the trausparent 
“ precious corundum ” and the dull, opaque 
“ common corundum,” while a third still leu 

K variety is known as emery (v. Asiusrvta). 

division also corresponds with tbe econooia 
uses of the mineral, “ precious corunduo " 
being used for gem stones, and “ eommon 
contndum ” and emery for abrasive purposet 
The pure, well-crystaUised material is perfectly 
colourless and transparent with a high degree 
of brtilisncy. Traces of morganio impuritiei, 
however, produce a wide range of colours, 
which are more vivid in the stones of gem- 
quality, namely red (ruby), orange and yetiov 
(“ oriental topaz "), groen (“ oriental emerald ”), 
blue and rndigo (sapphire), and violet (“ oriental 
amethyst ”). Although such names are m 
popular use for jewellery, this mineral has, of 
course, no relation to topaz, etc. Parti-coloured 
stones are not uncommon. The colour of 
common corundum is usually grey or brown. 

Corundum is not a widely distributed minttil, 
but it is found in abundance at certain localities 
It occurs in igneous and metamorphio rocks m 
which DO free stiica is present as quartz, suck 
as syenite, gneiss, pendotite, and serpentise, 
and in ciystaliuie limeatonea. Matenal of geo- 
quahty is usually collected as water-worn 
pebbles in gravels denved from these rocks 
Material for gem-elones and that for abrasive 
purposes aro not, as a rule, mined in tbe eame 
locahtjes. Taking firstthelocahtiesforthegem- 
varieties, the foUowing may bo noted as a ft* 
of the most important. Tbe beat rubies art 
obtained from the famous mines near Mogok 
in Upper Burma, where they occur m a white 
eryatalline marble near its contact with 
they aro mined in the detntal deposits denved 
from this rock. Dark-coloured rubies art 
obtained with sapphire from alluvial deposiU 
in the provinces of Chantabun and Krst h* 
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Siam. Stones of good quality have also been 
mined together with common corimdum in 
Macon Co., North Carolina. The best sapphires 
come from the gem-gravels of Ceylon ; other 
localities of importance are Siam and Kashmir. 
Dark blue and greenish-blue sapphires occur 
abundantly in gravels near Anakie in Queens- 
land ; while paler stones of various shades 
(“ fancy stones ”) are plentiful in the neighbour- 
hood of Helena in Montana. 

Common corundum as used for abrasive 
purposes (apart from emery) was formerly 
mainly mined in the United States ; later the 
Canadian and South African deposits came into 
prominence ; while now the latter are being 
ousted by the artificial products carborundum 
and alundum. India has also since remote 
times produced a certain amount which has 
been largely used by the native lapidaries. 
In the United States the corundum deposits 
extend along the Appalachian Eange from 
Aabama to Massachusetts, reaching their 
greatest development in North Carolina and 
Georgia. Here they occur in peridotites near 
tbcir c.cv.te,ct wvtb. gneiss.. In Cennde a. belt nf 
corundum-bearing syenites (nepheline- and 
related alkali-syenites),' associated with the 
Laurentian gneisses, extends for 100 miles 
across Renfrew, Hastings and Haliburton 
counties in Ontario, the principal mining 
district being near Craigmont in Renfrew Co. 
Large rough crystals of corundum are abundant 
' in gneiss in Madagascar and at Steinkopf in 
Namaqualand, South Africa. More recently, 
important deposits have been discovered and 
• worked in the Zoutpansberg and Pieteraburg 

- districts in northern Transvaal. 

The corundum-bearing rook as mined is 
crushed between hardened steel rolls and the 

- heavier corundum separated in water by means 

- of jigs and concentrating tables. It is sifted 

■ into different grades of fineness and used (1) as 

f loose grains ; (2) mixed with glue or other 

soft cement as a coating on paper or cloth ; 

; and (3) as corundum-wheels for grinding. The 

; last-named are of three classes : (a) The 

■ “ vitrified wheel,” in which the corundum is 

i mixed with clay and baked at a high tempera- 
' ture, with the result that the grains of corundum 
: are sot in a matrix of porcelain. (6) The 

“ chemical wheel,” in which sodium silicate 
; is the binding material, (c) The cement 

t wheel ” with sheUac, rubber, linseed-oil, etc., 

i or magnesium oxychloride. Another use for 

r corundum, depending on its hardness, is for the 
pivot supports for watches (watch-jewels) and 
!f other delicate instruments, the poorer qualities 
•f of gem-material being used for this purpose, 
r Although corundum is the richest ore of alumi- 
[■: nium, there are difficulties in its use for the ex- 

■f traction of the metal. It has, however, been 

' used directly in the preparation of aluminium- 
, 1 ' copper and aluminium-iron alloys. 

^1 The artificial preparation of crystalh'sed 

y corundum was first effected by M. A, Gaudin, 

in 1837, by decomposing potash-alum with 

j-j charcoal. It has since then been produced by 

a variety of methods, and is now manufactured 
j t on a large scale both for use as gem-stones and 
for abrasive purposes. Beautiful cr 3 'stala of 


ruby uere prepared by E. Er4my and Fell, in 
1877, by heating a mixture of alumina and red- 
lead with potassium dichromate in a porous 
fireclay crucible ; a fusible aluminate.of lead 
was thereby formed, which was decomposed by 
the silica of the crucible with the separation 
of crystallised alumina. The crystals so ob- 
tained, though of some size, good colour, and 
perfectly transparent, were unfortunately too 
thin for cutting as gems. A far greater measure 
of success was achieved by A. Vemeuil in 1902, 
who has produced fine gems of all colours. 
Interesting experiments from a petrological 
point of view were conducted by J. Morozewioz 
in 1898, in which he obtained crystallised 
corundum in silicate magmas supersaturated 
with alumina. Artificial corundum, used as an 
abrasive under the trade name of alundum 
(aloxite, adamite), is now manufactured on 
a large scale at Niagara Falls by fusing bauxite 
in an electric furnace. Coruhin formed as a 
by-product in the Goldschmidt thermite process 
is also an artificial corundum. 

Reference. — ^A. E. Barlow, “ Corundum, its 
Occurrence, Distribution, Exploitation, and 
Uses,” Canada, Dept. Mines, Geol. Survey, Mem. 
57, Ottawa, 1916, 378 pp. (with special reference 
to the Canadian deposits) ; T. H. Holland, 
“ Corundum,” Manual of the Geology of India, 
2nd ed., Calcutta, 1898 (with special reference 
to the Indian deposits) ; A. L. Hall, “ Corundum 
in the northern and eastern Transvaal,” Mem. 
Geol. Surv. South Africa, 1920, No. 15 ; 
G. P. Merrill, “ The Non-metaUic Minerals,” 
2nd ed,. New York, 1910 ; J. H. Pratt, Bull. 
U.S. Geol. Survey, 1908, No. 269 ; J. H. Pratt 
and J. V. Lewis, North Carolina Geol. Survey, 
1905, i. ; M. Bauer, “ Edelsteinkunde,” 3rd ed., 
by K. Schlossmacher, Leipzig, 1928-1932, 
and English translation, “ Precious Stones,” 
by L. J. Spencer, London, 1904 ; " Abrasives,” 
Imperial Institute, London, 1929. 

L. J. S. 

CORYBULB I NE r. Cobydalis Alkaloips. 
Cobydabine Sub-Gboup. 

CORYCAVINE V . CoBYPALis Alkaloids, 
Cobycavine Sub-Gboup. 

CORYDALINE v. Cobydalis Alkaloids, 
Cobydaline Sdb-Gboup. 

CORYDALIS alkaloids.— The cory- 
dalis species belong to the Fam. Papaveracese ; 
there are about ten different species known to 
contain alkaloids, of which 0, cava (syn. tuberosa) 
is the most important (v. Wehmer, “ Die Pflan- 
zenstoffe,’’ Jena, 1929, p. 388). For references 
to early chemical investigations, v, Ziegenbein 
(Arch. Pharm. 1896, 234 492). The most 
important alkaloid corydaline was isolated by 
Waokenroder as early as 1826. 

Extraction. — ^According to Gadamer (Arch. 
Pharm. 1902, 240, 21) the finely ground coiydalis 
roots are exhausted ivith 94% EtOH. The 
solvent is removed by distillation, the oily 
residue is acidified with acetic acid and diluted 
with H^O. The aqueous solution is made 
alkaline with ammonia and extracted with 
EtjO, when all alkaloids pass into the solvent 
except eoryiuberine, which is obtained by 
evaporating the mother-liquor. By concen- 
trating the EtjO-solution a first crj'stalline 
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fraction (a) melting from 160-180^ is obt«med 
which contains corydaline, bulboeapnine, cory* 
catrtru, and corybtiUiine. This taiiturc ma^ bo 
separated by successively extracting tho cry- 
staDme mass with smaU amonnta of boiling 
EtOH. The ethereal mother-liquor from (a) 
is then completelyevaporated, whena frBction(6h 
melting from 130-140°, is obtained, which 
consists almost entirely of cor^alme. The 
fraction (6) is converted mto the hydrobromides, 
when first balbocapnme HBr separates; by 
fractional precipitation of the remaining hydro- 
bromides with ammonia coiydahne. corybolbine, 
isofofjfftuiiine, roryrfine, and corjcavme, and 
further amounts of bulbocapaine are obtained. 
The mother liquors are acidified with HCl when 
further ciystaUine fractions are obtained. He 
residue is transformed mto the rhodamdes. 
from which by extraction with EtOH cory- 
caramine rhodanide is left behind. 

Gadamer’a process is merely a general guidance 
and not an accurate prescription; it has often 
been modified if a special allialoid was sought 
after. The separation and purification of the 
different alkaloids is a very te^ous and labonons 
process ; also the yields of the different alkaloids 
vary to a great extent 

Other mvestigated corydalis species are : 

C, ambigua (Chinese C ) : hlakoshi (Arch. 
Pharm. 1008, 846, 3Sl), Chon (A, 1928, 927 ; 
i6id. 1929, 477. 1083 ; iM. 1933, 652 ; «6t<f 
1034, 1014). Huang Mmlon (Ber. 1936, 69, 
[B], 1737) (important paper) 

C. wmyt (Japanese C ) • Asahina and 
Motigase (J.C.S. 1921. 180, 1. 86). 

0. decumbene : Kfakoshi (Arch Fharm. 1908, 
246, 401) : Osada (Amei Chem Abatr. 1928, 
22, 092) 

C. lutea and C. nobUts : Schmidt (Arch. 
Fharm. 1908, 246. 075). 

0. aurta : Heyl (Apoth -Ztg. 1910, 25, 137) ; 
Eppeon (Amer Cbem. Abatr. 1933, 29, 2062). 

6. eolidai Haars (Arch. Fharm. 1903, 243. 
104). 

C. tenala Nakai (Korean C.) . Go (Cbem. 
Zentr. 1930, 1, 234). 

The arrangement of the corydalis alkaloids 
into three groups u due to Gadamer. Ziegenbem, 
and Wagner ; 

Group 1 : consista of weakly basic alkaloids, 
which are readily oxidised by iMine to berberme- 
like compounds (corydalme sub group). 

Group II : includes stronger bases which are 
attack^ by iodme solution (coryeaTme sub- 
group). 

The alkaloids of Group II are closely related 
to cryptopine and protopme, and contam the 
characteristic ten-membered ring-system. 

Group III : comprises the strongest bases of 
the senes, these contain free phenoLo hydroxyl 
groups and are easily oxidised by iodine (coiy- 
tuberme sub-group). 

Group III comprises alkaloids which belong 
to the aporpMne group {v. Gadamer, Oberim, 
and Schoeler, Arch. Fharm. 1025, 263, 81). 
The numbering of the tetrabydroprotoberbenne 
(Buck, Perkm and Stevens, J.O.S. 1925, 127, 
1462 : Gadamer. Sp&th and Mosettig Ar*^ 
Fharm. 1027, 265, 675) and the apotpbine 
akeletoD is the following : 



Group /. — CoaxBAtwz Scs^seoup.— T his 
comprues the weak alkaloids of the corydalis 
toot, T». eoiydalme, dehydrocoTydahne, coiy- 
bulbine, uocoiybnlbme, tetrahy^palinatioe, 
and corypalmine. They have u common ths 
property of being capable of oxidation with 
iodme to the debydro-compounds which an 
qoatenary bases dosely related to berberme ud 
palmaUne. 

Corydaline was first isolated from C. can 
by Wackenroder (Berz. Jaht. 1826, 7, 230], 
but It was Freund and Joseph! who gave it 
the correct formola. The yields vaty eoa< 
aiderably, Uartmdale (Arcb. Fharm. 1893, 236. 
215) gives 0 9%, Ziegenbem (ArcL Fharm. 
1896, 234. 497) quotes 0 57%. 

Corydaline (I), C„H|,04N, [«)” +3W* 
(m cUoroform), m.p. 135% crystallises from 
EtOH in colourless, short, six-aided prisma, 
sparmgly soluble in cold, but easily soluble m 
hot EtOH, Et|0, CHCl, and beawne. 
(I) contains 2 ssymmetrio carbon atoms ; it la 
slowly.oxidised by atmospberio oxygen to the 
yellow dehydrocoiydalme (II). For abeorplion 
spectra of (I) eee Dobbie and Lauder (JC.S. 
1903. 83, 605), Dobbie and Fox (JCJS. 
1914, 105, 1639). and Girardet (J.CS. 1931, 
2630). (I) gives two meihiodides : one being 
crystalline, m p. 233-240% [a]p -1-139 4% the 
other amorphous, m.p. 64^8% [oJd +H9’ 
(von Bruchhausen and Stippler, Aroh. Fharm. 
1927,265, 152). 

The salts of(I) orecrystaUme: B HCI-i-2H|0, 
columnar crystals from HjO, m p. 206-207* ; 
B HI, pale yellow pnams of indefinite xapS 
BHNOj, Ublets from EtOH. mp. 193*. 
sparingly soluble in H,0 ; B-HCNS colnmo* 
from EtOH, mp. 208“; platmichloride, brows 
dystals, m.p. 227® ; the tlhyt sulphate form* 
clwracteristic, large prisms, m.p. 152 5®. 

By oxidation of (I) with iodine {Ziegenbem, 
Arch. Fharm. 1890, 2^, 605), bromine (Slartm- 
dale. Arch. Fharm. 1898. 236, 238) or very dJu** 
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HNO3 (Bobbie and Marsden, J.C.S. 1897, 71, 
657) dehydrocorydaline (II) is obtained, -which 
is identical -with a natural base isolated from 
C. cava, vemyi, atnbigua, and solida. (II) is a 
yellow crystalline powder, m.p. 112-113“ 
(decomp.), the salts are crystalline, B-HCI, 
4H2O, yellow leaflets, soluble in H2O and 
EtOH; B-HBr,yellowneedle3,m.p.l26°; B-HI, 
2H2O, small yellow needles ; B-HAuCl4, red- 
brown needles from EtOH — HCl, m.p. 219°; 
B2'H2PtClc6H20, yellow needles from 
EtOH — HCl; (II) in solution is a quaternary 
ammonium base. In the free state it melts and 
decomposes at 112-113°, has the composition 
C22H25O5N and must be regarded as a i/r-base 
with the keto-oomposition containing the groups 
•CMeO and NH<; instead of -CM e:N-(OH)<; 
for it forms an oxime, orange-yellow crystals, 
m.p. 165° (Haars, Arch. Pharm. 1905, 
243, 171), it also unites with 1 mol. of CHCI3 to 
form a colourless crystalline compound m.p. 

162- 163° and an amorphous acetone compound 
(Ziegenbein, ibid. 1896, 234, 492). 

By reduction of (II) with zinc and sulphuric 
acid r-corydaline (III) m.p. 134-135° and 
r-mesocorydaline (IV) m.p. 158-159° ; m.p. 

163- 164°: Spath and Posega, Ber. 1929, 62, 
[B], 1029) are formed, which are both optically 
inactive (Gadamer, Arch. Pharm. 1902, 240, 
19; ibid. 1916, 254, 295). (IV) may be 
resolved into d- and I- forms by crystallisation 
of the d-camphorsulphonate, the d- form is not 
identical with natural (I) (Gadamer, ibid. 
1902, 260, 50 Haars, l.c.). (Ill) has not 
been resolved, but its sulphonic acid can 
be separated into d- and 1- forms by crystal- 
lisation of the brucine salts, the d- form is 
identical with the sulphonic acid prepared from 
natural corydaline (Gadamer, ibid. 1916, 254, 295). 

Insight into the constitution of (I) has 
principally been obtained by oxidation experi- 
ments (c/. Dobbie and co-workers, J.C.S. 
1897, 71, 657 ; 1902, 81, 145 ; Haars, l.c.). 
Oxidation with permanganate yielded hemipinic, 
m-hemipinic acid and corydaldine ; H N O3 
gave rise to the intermediate oxidation pro- 
ducts corydic, corydilio, and methylpyridine 
carboxylic acids respectively, and the ultimate 
products were pyridine-2:3:4:5-tetracarboxylio 
acid, hemipinic and m-hemipinio acids. Im- 
portant contributions towards the final elucida- 
tion of the structure of (I) were made by Spath 
and Lang (Ber. 1921, 54, [B], 3074), Gadamer and 
von Bruchhausen (Arch. Pharm. 1921, 259, 245), 
Lawson, Perkin and Robinson (J.C.S. 1924, 
631), and by von Bruchhausen and Stippler 
{l.c.). Cf. also KoepHi and Perkin (J.C.S. 1928, 
2989) where short survey is given. The follow- 
ing constitution for (I) has been established ; 
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Synthetical experiments were carried out by 
Pictet and Malinovski (Ber. 1913, 46, 2688), 
Spath and Lang {l.c. 1921), and Spath and 
Mosettig (Annalen, 1923, 433, 138), but they 
failed to give a product identical with (III) or 
(IV). P. von Bruchhausen (Arch. Pharm. 1923, 
26l, 28) was able to introduce the C-methyl- 
group into position 13, and he obtained (III) 
melting at 135-136° ; Spath and Holter (Ber. 
1927, 60, [B], 1891) obtained synthetic (III) and 
(IV) in connection with their work on corycavine. 
An interesting synthesis of (III) and (IV), 
starting from papaverine, was described by 
Spath and Kruta (Ber. 1929, 62, [B], 1024). 

Corybulbine and isoCorybulbine. — ^Corybulbine 
was first isolated by Freund and Joseph! 
(Annalen, 1893, 277, 1); isocorybulbine 

was found by Gadamer and Ziegenbein 
(Arch. Pharm. 1902, 240, 634). They occur 
in corydalis roots in an amount of 0-05% 
(Gadamer, ibid. 24), and 0-185% respectively 
(Bruns, Arch. Pharm. 1903, 241, 634). The 
yields vary considerably. Makoshi (Arch. 
Pharm. 1908, 246, 381) isolated (I) from a 
Korean corydah’s, possibly 0. ambigua (see also 
Chou, A. 1929, 1085). Both alkaloids (I) and (II) 
are sensitive to fight. 

Corybulbine (V), CsjHjjO^N, [0% -f 303-3°, 
m.p. 239-240°, crystallises from boiUng EtOH 
in colourless needles, sparingly soluble in EtOH, 
EtjO, and CHj-CO^Et, soluble in CHCI3, 
acetone, or hot benzene. (V) is a weak base. 

B-HCI, colourless prisms, m.p. 245-250°, 
slightly soluble in HjO ; platinichloride and 
aurichloride are amorphous. By oxidation 
rvith iodine optically inactive dehydrocory- 
bulbine, CjjHjjO^N (dark violet needles, from 
HjO, m.p. 175-178°), is formed. 

By reduction an optically inactive r-cory- 
bulbine is obtained, m.p. 220-222°, which has 
not been resolved with bromocamphorsulphonio 
acid (Bruns, Arch. Pharm. 1903, 241, 650). 

isocorybulbine (VI), CjiHjjO^N, [«% 
-f299-8°, m.p. 179-180°, crystallises from 
EtOH in colourless leaflets more soluble in 
EtO H than (V) ; by this property (VI) may be 
separated from (V). (IV) is a tertiary base -ndth 
1 O H and 3 O M e- groups. For colour reactions 
of (I) and (II), see Gadamer {ibid. 1902, 240, 52). 
(II) is oxidised with iodine to dehydroisocoiy- 
bulbine, which yields rac. isocorybulbine, m.p, 
165—167° on reduction. Dobbie, Lauder and 
Paliatseas methylated the phenolic OH -group 
in (V) and obtained corydaline (J.C.S. 1901,79, 
87), also (VI) on methylation yields corj-daline 
(Spath and Dobrowski, Ber. 1925, 58, [B], 1274). 
All 3 alkaloids give the same opocorydaline 
(hydrochloride, m.p. 220-222°) on demethy- 
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lation (Bruns, le.) This shows that (V) and 
(VI) are closely related to corydaline whidi ; 
is a methyl ether of (V) or (VI). Sp&tb and 
Dobrowski (I c ) succeeded in demonstrating 
the exact positions of the phenolic groups and 
both alkaloids were finally obtained by partial 
demethylation of corydahne (Spkth and Hotter, 
Ber. 1926,59, (BJ. 2800), (V) having the phenolic 
OH-gtcmp in position 3 and (V*!) in petition 2 
(e/. structure of corydaline). 

d-Telrahj/dropalmaline was isolated by 
SpAth, I^Iosettig, and Trothandl (Ber. 1923, 56. 
877) from C. cava grown near Vienna. The 
yield from dned cor^aha roots is about 0 4%, 
the extraction was effected by the method of 
Gadamer { Arch. Fharm. 1 902, 240,21). Separation 
of phenohefrom non-phenohe bases was achieved 
by usmg caustic soda , d-tetrahydropalmatme 
was separated from corydaline by the insolubility 
of its hydrochloride, 

Tetrahydropalmatine (VII), 

[a]’p +292 5® (in EtOH), m p. 142®, crystallises 
from dilute EtOH, is easily soluble in organic 
solvents, except EtjO and light petroleum. 
On exposure to air it is coloured yellow ; by 
oxidation with vodine, the quatetnaTy iodide 
of palmatine (m p. 233-239®) is obtained. 
Spath and Mosettig (Ber. 1926, 59. [B]. 1496) 
synthesised d.tetrahydropalmatine starting from 
d-tetrahydroberberine (j v ), removing the 
metbylencdioxy group with phloroglucinol aul* 
^urie acid and methylating the phcnoLc base. 

product obtained was identical m every 
reract with natural (VII). 

ror constitution of (VII), c/ palmatine (Cat- 
r»Ba Alkaloids). 

Corypalmlne (VIII), CjjHj50«N, m p 235- 
236®.(«]” +280® (m CHClj). was first isolated 
by Sp&tb, Mosettig, ond Trbthandl (Ber. 1923, 56, 
[B], 875) m a yieFd of about 0 005%. It forms 
small white crystals and is sparingly soluble in 
MeOK. By methylationof tbe 1 pbenoheOH- 
group withdjaiomethane, d-tetrahydropalmaUne 
(q.v.) is obtained. In a later paper (Ber. 1025, 
68, [B], 2133) Sp&th and Sloscttig demonstrated 
the exact position of (he OH groupin(VIII)and 
prosed it to bo d.tetrabydro jatrorrbizine 
(7 V. calumha alkaloids). ( VIII) was synthesised 
by Sp&th and 3Iose(tig (Ber. 1927, 60, 
[B], 383) from d-tetrobydroberbonne, the methy* 
lenedioxj -group ns replaced by O H groups with 
ph]orogIucinol-HtS04 and the resulting pheno- 
lic base was partially methylated; from the 
mixture of products thus obtained, (VIII) could 
be isolated. The phenolic OH-group takes the 
same position 3 as in corybulbme {q v.). 

There is evidence for the existence of ssocory- 
palrmne in C. eava, differing from corypalmine 
by the attachment of the phenoLc OK-group 
to C-atom 2 (d-tetrahydrocolumbamin), c/. 
Gadamer. SpMh and Mosettig (Ardi, Pharm. 
1927, 265, 675). 

Onvp /i.-^ORYCAViHE Sdb Gboub. — ^T lua 
group comprises the three alkaloids coryesvine 
(1), coryeavamine (II), and corycavtduie (III). 

(I) was first isolated by Freund and Joeephi 
(Annalen, 1893. 277, 1). (11) by Gammer, 
Zicgenbcin, and Wagner (Arch. Pharm. 1902 
240, 19). and (III) by Gadamer (Arch. Pharm, 


1911. 249. 30). (I) and (11) have both the laoie 
structure, (I) is the racemic form, (II) is optically 
active and is easily transformed into (I) by 
heatmg to above the melting-point («« F. T(i 
Bruchhansen, Arch. Pharm. 1925, 263, 601). 

Corycavine (1), C*iHj,O.N ; e/. Gadamer 
and von Bruchhausen (Arch. Pharm. 1922, 260 
97) where earher references are given ; st occurs 
m C. taio in amounts from 0 07% (Legerlotr 
Arch. Pharm. 1918,256,161) toO 11% (Gadamer 
and von Bruchhausen, %bid. 161). (I) crystal 
Irses from EtOH or EtjO m rhombic tablet!, 
mp. 216-218®, insoluble m cold EtOH and 
HjO. B'HCl needles (from H,0), m p. 219®; 
B HBr quadrangular flat plates from H,Oi 
B methiodide rhombic tablets, m.p. 218°. 

Resolution of (I) into d- and L (II) has not yet 
been effected. 

Corycavarnine (II) occurs in an amount of 
0 3% (Gadamer, Arch. Fharm, 1902, 240, 64) 
It crystallises in rhombic columns from ether, 
alcohol, or CH»-COgEt, m p, 148-149®, Wu 
+ 166® (tn CHClj), transformation (11) (1), 

set above. The salts except the sulphate 
crystalliss very easily, the mtrate is sparingly 
soluble and is used to purify (II) ; B HCI, small 
needles, soluble in H,0 ; B HBr sparingly 
soluble needles ; B HI, yellow volaminoui, 
sparingly soluble needles. 

Corycavidine (III), CjjH.gOfN, occurs in 
an amount of 0 05%, [oL +203 1® (m CHCI,), 
m p. 212-213®. crystaluses from CHClj-EIOrl 
in transient, colourless crystals with 1 moL of 
CHCt], practically insoluble in EtOH sod 
EtjO. C^stalline hydrochlonds and spanagly 
soluble lutrate. By continued beating at 
(III) IS transformed into an optically inactive 
form, melting at I93-1D5®. 

Pseudocorycavine (see Gaebel, Arch 
Pharm. 1910, 248, 249) is a mixture of (I) and 
(III) (c/. Gadamer, Arch. Pharm. 1911, 249, 
231} which IS dilEciilt to separate, hut it can be 
effected by recrystallisation of the hydro- 
cbloiideB. 

Subject to a sLght modification of (1) bySpSth 
and Holter (Ber. 1927, 60, [B), 1891), tbe consti- 
tutions of (I), (II), and (111) have been con- 
clusively proved by F, von Bruchhausen (Arch 
Pham. 1925, 263, 570). 



(I)and{n): Ri+R,= CH, ; Fi+Ra-CH, 

s,o ^ 

/O 

(111)! Ri+Rt=CH, ; R,= R4=OMe 

'^O 

Tbe three alkaloids dii not react with W®* 
reagents. 



COSTOL. 


Pharmacologically the three alhaloidu are of 
little importance (c/. Gadamer, Arch. Pharm. 
1905, 243, 147). 

Oroup III. COBYTUBERINE SuB-GrOXJP. 

Besides bnlbocapnine {q.v.) this group comprises 
the closely related phenolic aporphine alkaloids 
eoryluierine (I), corydine (II), and isacorydine 
(ni). (I) and (II) occur in G. cava (0-7-1 -5% and 
0-3% respectively). (Ill) and the lavo-form of 
(11) were found in a Korean corydalis by Go 
(Amer. Chem. Ahstr. 1930, 24, 620) ; (11) and 
(in) have been isolated from Dicentra canadensis 
and D. oregana (Manske, Canad. J. Ees. 1932, 7, 
258; 1934, 10, 765). Dicentra fornwsa contains 
0-02% of (I) and 0-03% of (H) (Manske, Canad. 
J. Res. 1934, 10, 521). 

For preparation of (I), cf. Gadamer, Arch. 
Pharm. 1911, 249, 645 ; for preparation of (H), 
Arch. Pharm. 1902, 240, 96. 

Corytuberine (I), Ci5H2i04N,6H20, [a]“ 
+282-6° (in EtOH), m.p. 240°, crystallises from 
hot H2O in silky needles, soluble in EtOH 
slightly soluble in CHCI3 and CHs-COjEt, 
insoluble in benzene and Et20. The salts 
are crystalline but somewhat difficult to prepare, 
because (I) is a weak base and probably forms 
a phenolbetaine (Gadamer) ; the hydrochloride is 
sparingly soluble in H2O. 

(II) and (III) are obtained by methylation of 
(I) with diazomethane ; Gadamer experienced 
great difficulties in completely methylating (I); 
he only succeeded by doing it with diazomethane 
»n elate jwsceadi in amyl ether solution {l.c. 1911). 

Corydine (H), C20H23O4N, Mp +204-4° 
(in CHClj), m.p. 124-125° from dilute EtOH 
with J mol. of EtOH or m.p. 149-150° (dry). 
It is readily soluble in CHCI3 and EtOH, 
soluble in EtjO. Methiodide, m.p. 190- 
191° (228-230° according to Manske, l.c. 1932), 
[a]p° +154-6°, easily soluble in H2O. By 
iodine (U) is oxidised to the quaternary dehydro- 
coiydine iodide (m.p. 248°) ; subsequentreduction 
yields racemic corydine, m.p. 168°, which can be 
resolved with tartaric acid into d- and Worms 
(1-coiydine, m.p. 161°, [a]^ —206°). 

(II)-HCl, m.p. 258°, is sparingly soluble in 
H2O ; separation from the hydrochloride of (III) 
is thus possible. 

isoCorydine (III), C20H23O4N, [a]p +195-3° 
(in CHCI3), m.p. 185°, crystallises in 4-sided 
tablets from CHg-COjEt-MeOH. (Ill) is 
less soluble in Et20 than (II) ; (III)- H Cl is 
more soluble in H2O than (II) -HCI. Methicdide, 
m.p. 213-214° (decomp.), [a]“ +143-3°, 
sparingly soluble in HjO. No crystalline pro- 
duct was obtained by oxidation with iodine 
solution. For differences in colour reactions 
cf. Gadamer (l.c. 1911, 676). 

Gadamer (l.c. 1911, 641, 669) on the basis of 
his investigations assigned structures to (I), 
p), and (III) which had to be modified later 
in minor details. By synthesis of (I)-dimethyl- 
ether (GuUand and Haworth, J.C.S. 1928, 1834, 
and Spath and Hromotka, Ber. 1928, 61, [B], 
1692) it was demonstrated that (I) belonged to 
the aporphine alkaloids. Spath and Berger (Ber. 
1931, 64, [B], 2038) sj-nthesised corydine starting 
from bulbocapnine (q.v.) and conclusively 


403 

demonstrated the arrangement of the OH and 
MeO groups in (I) and (HI). 



(I) : Rj and R4=MeO ; R2 and R3=OH. 

(II) : Rj, R2 and R4=IVIeO ,- R3=OH. 

(ni) : Rj, R3 and R4= M eO ,- R2=OH. 

Recently Isoiated Coeydaus Alkaloids 
— (a) Non-phenolic bases. — ^From £7. cava grown 
near Vienna, Spfithand Julian (Ber. 1931, 64, [B], 
1131) isolated i-ietrahydrocoptisine, [a]” +310°, 
m.p. 203-204° (for constitution, see Coptisine), 
d-canadine, [a]p +299°, m.p. 131-132° (for 
constitution, see Besbeehte) and hydrohydras- 
tinine, m.p. 66°. 

(b) Phenolic Bases. — Gadamer, Spath and 
Mosettig (Arch. Pharm. 1927, 265, 675) isolated 
the 2 alkaloids : d-tetrahydrocolumbamine, 
m.p. 240-241° (for constitution, see Coltjmba- 
MniE) and 2-Q-dihydroxy-3-10-dimethoxytetra- 
hydroprotoberberine (for numbering, cf. General 
Introduction to this article), m.p. 195°, 
which on complete methylation with diazo- 
methane yielded d-tetrahydropalmatine. For 
new bases isolated from Corydalis ambigua, 
see Huang-Milnon (Ber. 1936, 69, [B], 1757). 

Schl. 

CORYDINE V . Corydalis Alkaloids, 
Corytuberine Sub-Group. 

COFIYNANTHINE, one of the Yohimboa 
alkaloids. 

CORYPALIVI I N E v. Corydalis Alkaloids, 
Corydaline Sub-Group. 

CORYTUBERINE v. Corydalis Alka- 
loids, Corytuberine Sub-Group. 

COSTENES. The sesquiterpene hydro- 
carbons, a- and P-costenes, C15H24, were isolated 
by Semmler and Feldstein (Ber. 1914, 47, 2692) 
froifa the roots of Saussurea Lappa. These 
hydrocarbons, the homogeniety of which is 
doubtful, have the following constants : a-, 
b.p. 122-126°/12 mm., 0-9014, 1-49807, 

Mo -12°; P; b.p. 144-149°/18 mm., d^^ 
0-8728, 71^ 1-4905, Md + 6°. No crystalline 
derivatives have been prepared. 

J. L. S. 

COSTOL. The primary sesquiterpene al- 
cohol, costol, CijHjjO, b.p. 169-171°/H mm., 
0-9803, no 1’5200, Mn +13°> i^as separated 
by Semmler and Feldstein (Ber. 1914, 47, 2687) 
from the oil from the roots of Sattssurea lappa. 
The alcohol, which is probably dicyclic, gives 
on oxidation with chromic acid an aldehyde, 
^-P- 164-165°/16 mm., 0-9541, 
no 1-50645, Mn +24°, semicarbazone, m.p. 
217-218°. ^ 


J. L. S. 





COTTON TLOWERS. 
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gives the ■p-tolumesulphonyl derivative, m.p. 
112°, of hydrocotoin (2-hydroxy-4:6-dimethoxy- 
benzophenone) (Karrer and Lichtenstein, l.c.). 

A number of polyhydroxybenzophenone de- 
rivatives, including products found in coto bark 
and related to cotoin, have been prepared by 
W. H. Perkin and Robinson (Proc. Chem. Soc. 
1906, 22, 305). 

A. G. P. and E. J. C. 

COTOIN V . Goto Bask. 

COTTON FLOWERS. The flowers of the 
cotton plant, according to Watt (“ Dictionary of 
the Economic Products of India ”), are used as 
a dyestuff in the Manipur district. 

The colouring matters present in the flowers 
of the ordinary Indian cotton plant, Gossypium 
herbaceum, have been studied by Perkin (J.C.S. 
1899, 75, 826 ; 1913, 103, 650), who isolated a 
mixture of quercetin and gossypetin by digesting 
a concentrated alcoholic extract of the flowers 
with boiling dilute hydrochloric acid. The 
mixture was acetylated and the acetyl deriva- 
tives of the colouring matters separated by 
fractional crystallisation from acetic anhydride, 
in which acetylgossypetin is less soluble. 

Quercetin, the aglucone of the glucoside 
quercitrin, the colouring matter of quercitron 
bark, is 3:5:7;3':4'-pentahydroxyflavonol ; 



HO 


HO-C 6 H(OEt) 3 -CO-COOH, yellow needles, 
m.p. 154-155°. 

As a result, Perkin concluded that goss 3 q)etln 
is hydroxyquercetin : 



I. 


By the oxidation of quercetin with chromic 
acid, Nierenstein and Wheldale (Ber. 1911, 44, 
3487) obtained quercetone, which, on simul- 
taneous acetylation and reduction and subse- 
quent saponification, yielded hydroxyquercetin. 
To this substance, which is not identical with 
gossypetin, formula (I) was assigned, and its 
synthesis was described by Nierenstein (J.C.S. 
1917, 111, 4). On the other hand, Baker, 
Nodzu and Robinson (ibid. 1929, 74) obtained 
results which confirm the work of Perkin but 
are irreconcilable with that of Nierenstein. 
These authors synthesised gossypetin by vera- 
troylation of the trimethoxyresacetophenone 
(II). The hydroxypentamethoxyflavone (III) 
thus formed gave gossypetin (I) on demethy. 
lation. 

MeO 



MeO 


Gossypetin, CijHioOg, yellow needles, m.p 
311-313°, closely resembles quercetin in appear- 
ance, and is readily soluble in alcohol, but only 
very sparingly soluble in water. Concentrated 
alkaline solutions dissolve it forming orange-red 
liquids which, on agitation and dilution ■with 
water, become green, then blue, and finally 
assume a dull bro'wn tint. Alcoholic lead acetate 
gives a deep red precipitate in the cold, passing 
into dull bro^vn at the boiling-point, and with 
alcoholic ferric chloride a dull olive-green liquid 
is obtained. 

Gossypetin forms crystalline compounds with 
mineral acids and yields a monopotassium 
derivative, CijHgOjK, with alcoholic potassium 
acetate. Hexa-acetylgossypelin, colourless 
needles, melts at 228-230°. By fusion with 
alkali, gossypetin gives protocatechuio acid and 
a phenolic substance which has not yet been 
identified. 

When gossypetin hexamethyl ether, colourless 
needles, m.p. 170-172°, is hydrolysed -with 
alcoholic potash, protocatechuio acid dimethyl 
ether and gossypitol telramethyl ether, CjjHjgOg, 
needles, m.p. 115-116°, are produced. In a 
similar manner, gossypetin hexaethyl ether, m.p. 
144-146°, yields protocatechuio acid diethyl 
ether and gossypitol tetraethyl ether, 

HOCeH(OEt)3-CO-CHjOEt, 

m.p. 110-111°. The latter forms an oxime, 
m.p. 127-129°, and when oxidised 
■with permanganate gives gossypetonic acid. 


II. 



Gossypitone. — ^When an alkaline solution of 
gossypetin is exposed to air, the blue liquid on 
acidification yields a reddish-brown precipitate 
which, on gentle warming, becomes crystalline. 
Again, if benzoquinone is added to a solution of 
gossypetin in cold absolute alcohol, a similar 
reaction occurs. On keeping for a few minutes 
crystals begin to separate, and by then heating 
to 50° a semi-solid mass is obtained. This 
substance, gossypitone, CjsHjOH, consists 
of microscopic needles of a dull red colour, which 
are difficultly soluble in the usual solvents. 
It dissolves in dilute alkalis with a pure blue 
coloration and its solution in concentrated 
sulphuric acid is dull brown. Sodium bisulphite 
solution reconverts it into gossypetin. Gossypi- 
tone possesses strong dyeing properties, and gives 
the following shades on mordanted woollen 
cloth : 


Aluminium . 
Chromium 
Tin . 

Iron . 


. Orange-brown. 
. Dull brown. 

. Orange-red. 

. Deep olive. 
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These shades are Identical ^rith those given in 
these dpcumstances by gossypetin itself, and it 
Is accordingly evident that during the dyeing 
operation oxidation of the latter to gossypitone 
takes place. 

The glucoaldes present in cotton fiovers have 
been examined by Perkin (J.C.S. 1900, 9S. 2181), 
who in the first place employed the Egyptian 
variety. The Egyptian cottons appear, accord- 
ing to the researches of Messrs. Flet^er and 
Balls, to be derived from natural crosses of 
brown Peruvian cottons with the Sea Island 
variety. ' 

Thrro glncosides, ^ueretmeritriR, ^ossypi/nn, 
and isOTuerciirin were isolated, with difficulty, 
from a concentrated alcoboLo extract of the 
fioners. 

Querclmentrin, CtiH.oOj,,3HjO. small, 
glistening, bright yellow plates, m p. 247-249®, 
13 insoluble in cold and fairly readily soluble 
In boding water. Its alkaline solutions possess 
a deep yellow tint ; with aqueous lead acetate 
it gives a bright red precipitate, and with feme 
chloride an oUve-gietn coloration. Ocia-ocelyt- 
^ireimtTxlrxn forma needles, m p. 214-216®. 
By hydrolysis with dilute sulphuno acid querci- 
mentrin yields quercetin and glucose 
On mordanted woollen doth, quercimentnn 
gives the following shades : 

Aluminium . . . Orange yellow. 

Chromwm . . Reddish brown. 

Tin . . . Bright orange 

Inn . . . Ohve-brown. 

With the exception oT the iron mordanted 
pattern, which is of a rather browner character, 
the colours thus produced cloaelv resemble those 
given by quercetin itself when dyed in a aimilar 
manner, and are widely different from those 
given by rutin and quercitnn. I 

The position of the sugar group in quetcimeri- ' 
tnD has been determined by Attrce and Perkin 
(J.C.S. 1927, 234). With diazometbane the 
glucoside yields almost colourless needles of the 
ptntamtthyl ether, C,iHijO,(OMe),,2H,0, . 
m.p. 203-205®, sintering at 197®. By hydrolysis. I 
colourless needles of a sparingly soluble quercetin 
letramlhi/l ether, m.p. 284-285°, are obtamed. 
the autyl derivative of which melts at 174-176®. 
As this, when digested with alcoholic potash at i 
180®, readily gives veratric acid and phloro-l 

t lucinol monomethyl ether, it is evidently the ' 
itberto unknown 3‘5.3'.4'-tctramethoxy'Coto- 
pound. Quercimentnn, therefore, has the 
formula : 

OH 


C|H„Oj-0 



!OH 


which is in harmony with its dyeing propettks. 

Quercimeritrin is also present in the flowers 
of the Prunus emarfinata t (Finnemore, Pbarm. 
J. 1910, (iv), 3i, 604) and Ilelianlhus onnuut 
(Sando, J. BioL Chem. 1926, 68. 407), 
Gossypitrin, C.iH,oO|,, yellow needles,, 
m p. 240-242°, {+H,0) m.p. 200-202®. dis- 
solves in alkalis with a pale yellow coloration. 


and gives with lead acetate a deep red preclpi- 
tats. It is almost insoluble in boibng acetone, 
a property which readily distinguishes it from 
quercimeritrin, which is fairly soluble in this 
solvent. When hydrolysed with dilute suI- 
phono acid, gossypitrin yields gossypetin and 
gloeose, Aeetylsossi/pitrin, 

CjiHiiOijiCO-CHj),, 

colourless needles, m.p. 226-223°, is almoit 
insoluble m alcohol. 

Gossypitrin reacts, like gossypetin itself, with 
benxoquinone and forms a quinone, gossypdront, 
CgjHjfOjj, maroon-coloured needles, which 
possess no definite melting-point although fusion 
of the product occurs about 255-259®. By the 
action of warm dilute sulphurous acid solution 
it 13 reconverted into gossypitrin. 

Identicsl shades are given by gossypitrin and 
goseypitrone on mordanted wool : 


Alumtntum 
Chromium 
Tin . . 


. Dull yellow. 
Reddish-brown. 
Bright orange. 

Dark olive brown, 
and it IS thus evident that the former is con 
verted into the latter during the dyeing process 
The sugar residue of gossypitrin is probably 
attached to the hydroxyl group m the 7-positian 
IsoQuercltrin. C},H.nOjt.2H|0, pale yel- 
low needles, m p. 217-219®, is sparingly soluble 
in water and dissolves in alkaline solutions with 
a deep yellow tint. It gives a bnghtyellow 
precipitate with aqueous lead acetate and when 
hydrolysed yields quercetin and glucose. 

Bv methylating isoquercitrin with diazo- 
methane, Attree and Perkin (i.e.) obtained pale 
yellow, flat needles of a methylated derivative, 
m.p. 150-162®, which on hydrolysis gave 
6.7:3'i4'-tetramethoxyflavonol. feoQuereitrm 
thus has the structure : 

O 

Hor''V' "^c-/ \ OH 


HO C,H„0, 

On mordanted wool isoquercitrin gives the 
following shades which are entirely distinct 
from those given by quercimeritrin ana, although 
ebgbtly paler, resemble those yielded by 
quercitrin : 

Aluminium . . . Golden yellow. 

CAiwnium . . Brownish-yellow. 

Tin Lemon-yellow, 

Iron Brownish-obve. 

isoQuercitrin has also been isolated from 
brown-husked maize (Sando and Bartlett, J 
Biol. Chem. 1922, 64, 629) and from mulberry 
leaves (Oku, J. Agric. Chem. Soc. Japan, 1934, 
10. 1029). 

Among tho types of cotton flowers there ere 
rod, pink, yellow and whit© flowered plank 
Perkin (J.C.8. 1916, 109, 145) examined the 
following types : red flowered, O. arbortun 
Linn. 5 pink, O. tanguinevm Harsk ; 

■nd white, two varieties of O. negleetum Tw. 
nsnally now treated as one species but originally 
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described as G. negleclum and 0. rosarum. As a 
result it was found that the red flowers of O. 
arborenm eontain isoquercitrin, whereas in the 
yellow flowers of O. neglectum, gossypitrin and 
fsoquereitrin were present. On the other hand, 
the white flowers of O. neglectum and the pink 
flowers of O. sanguineum gave amounts of 
colouring matter too small for complete identifi- 
cation, although the respective products ob- 
tained resembled in their properties apigenin and 
quercetin. 

An examination of the ordinary Indian cotton 
flower, 0. herbaceum, available only in small 
amount, showed the presence of gossypitrin and 
tsoquercitrin. On the other hand, Neelakantam, 
Rao and Seshadri (Proc. Indian Acad. Sci. 1935, 
2, A, 490) find that the petals of 0. herbaceum 
from Coimbatore, South India, contain gossy- 
pitrin, quercitrin (instead of isoqueroitrin), and 
a flavonol glucoside herbaciirin, m.p. 247-249°, 
with small quantities of goss 3 petin. Herba- 
citrin forms an octa-aceiyl derivative, m.p. 214- 
216°, and on hydrolysis yields herbacetin, m.p. 
279-281°, identical with 3:5:7:8:4'-penta- 
hydroxyflavone synthesised hy Goldsworthy and 
Rohlnson (J.C.S. 1938, 66). The colour re- 
actions of herbacitrin indicate that it is the 
7-giucoside of herbacetin (Neelakantam and 
Seshadri, Proc. Indian Acad. Sci. 1937, 5, A, 
357). 

According to Neelakantam, Rao and Seshadri 
(ibid, 1935, 1, 887), quercetin and quercimeritrin 
are present in the flowers of O. hirsulum in 
proportions which vary with variety, locality 
and season. From the petals of 6. indicum, 
Neelakantam and Seshadri (ibid. 1936, 4, A, 64) 
isolated gossypin, m.p. 230° (decomp.), which 
by hydrolysis yielded gossypetin and glucose 
and a non-glycosidio substance, CuHjoO,, 
m.p. 255-257°, the acetyl derivative of winch 
melts at 186-187°. In addition, gossypitrin, 
herbacitrin, and quercetin were isolated. 

Goss 3 petin is also present in the flowers of the 
Hibiscus sabdariffa or “ red sorrel ” of the West 
Indies, a small shrub which is widely cultivated 
throughout the hotter parts of India and Ceylon 
(Perkin, J.C.S. 1909, 95, 1855). The stems 
yield the “ Eozelle hemp ” of commerce. 

A. G. P. and E. J. C. 

COTTONSEED, COLOURING MAT- 
TER OF. Cottonseeds contain, in addition to 
cottonseed oil, a highly toxic phenoh'c substance, 
gossypol, whieh remains dissolved in the oil when 
this is expressed. 

By extracting the oil with caustic soda and 
neutralising the extract, a voluminous precipi- 
tate of the colouring matter admixed with fatty 
acids and the products of its own oxidation 
separates. Marehlewski (J. pr. Chem. 1899, [ii], 
60, 84) isolated gossypol from a partially purified 
preparation of this character by extraction with 
ether and repeated ciystalliaation from acetic 
acid. The small yellow prisms melted at 188°, 
and dissolved in sulphuric acid with a cherry- 
red coloration, a reaction by which the presence 
of gossjpol in cottonseed oil can be detected. 
Gossypol dissolves in alkalis forming yellow 
solutions which are readily susceptible to air 
oxidation and rapidly become violet and then 
slowly fade. An alcoholic solution of gossypol 


gives with ferric chloride a dark green coloration 
and with neutral and basic lead acetate a deep 
yellow precipitate. According to Marehlewski, 
gossjpol appears to possess 2 hydroxyl groups, 
but contains no methoxyl groups, and is not a 
glucoside. It dyes iron-mordanted material a 
grey shade, and can be employed on cotton as 
a mordant for the basic colouring matters. 

Carruth (J. Amer. Chem. Soc. 1918, 40, 647) 
isolates gossjpol from the decorticated cotton- 
seed kernels which have been crushed by 
rollers before they are “ cooked ” in the oil mill. 
From these a considerable amount of oil is 
removed by percolation with light petroleum, 
and the residue is extracted with ether and the 
extract concentrated. The product is treated 
with acetic acid and, on keeping, crystals of 
gossypol acetate separate. To obtain gossypol 
itself, an ethereal solution of the acetate is 
treated with water and the ether distilled off. 
The gossjpol thus remains suspended in the 
water as crystalline crusts. 

A second interesting method consists in adding 
aniline to an ethereal extract of cottonseed. 
The solution, after warming on the water-bath 
and standing, gradually deposits an orange- 
yellow’ microcryatalline precipitate which ap- 
parently consists of an aniline salt of gossypol. 
The yield is practically quantitative, and the s 
process may be used to estimate gossypol in 
extracts of cottonseed products. To regenerate 
gossypol, the aniline compound is dissolved in 
hot alcoholic potassium hydroxide, the aniline 
removed by steam distillation, and the gossypol 
precipitated by acidifying the alkaline liquid. 

Gossypol has been examined by Clark (J. Biol. 
Chem. 1927, 75, 725 ; 1928, 76, 229 j 77. 81 
78, 169 ; J. Amer. Chem. Soc. 1929, 51, 1476, 
1479), who isolated the substance by the method 
of Carruth (l.c.). After removal of acetic acid 
the product separated from a mixture of ether 
and light petroleum in crystalline form, m.p. 214° 
(decomp.). Analysis gave the formula CggHggOg. 
Gossjpol yields a dioxime, m.p. 315°, and by 
acetylation a hexa-acetyl derivative, m.p. 276- 
277°, four of the acetyl groups of which are readily 
hydrolysed, whilst the remaining two are more 
resistant to attack. Gossjpol thus contains 
2 carbonyl groups and 6 hydroxyl groups. 

Gossypol acetate, C3oH3g08’C2H402, m.p. 
189-190° (decomp.), a molecular compound 
of gossjpol and acetic acid, is evidently the 
substance described by Marehlewski as the free 
colouring matter. It is a comparatively stable 
substance, and when heated does not evolve 
acetic acid readily below 180°. The absorption 
curve shows maxima at 3,780 A and 2,390 A 
and a minimum at 3,220 A (Grunbaumowna and 
Marehlewski, Bioohem. Z. 1936, 286, 295). 

When heated at 215°, gossypol loses 2 mols. 
of water and forms anhydrogossypol, m.p. 268° 
after softening at 229-230°. ' 

With aniline, gossjpol forms a dianilide, m.p. 
302-303°, apparently a condensation product 
of 1 mol. of gossjpol with 2 mols. of aniline and 
elimination of water, but not a salt of gossj-pol 
as Carruth (l.c.) has suggested. 

According to Karrer and Tobler (Helv. Chim. 
Acta, 1932, 15, 1204), gossypol, m.p. 199° 
yields a quinoxaline derivative, m.p. 298° (after 
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sintering and decomposition), and is thus an 
a diketone or, more probably, an o qninone 
The dihydrazant derivative, m p. about 283*, 
gives with sodium ethoxide at 180* a tubstance, 
CjjHjjOjN,, which contains the grouping 


— C:N NH, 

Two of the hydroxyl groups ofgossypol titrate as 
acids, and two are resistant to hydrolysis when , 
estenfied. I 

Oxidation of gossypol with cold alkabne per- 1 
raanganate yields formic, acetic and taobutync I 
acids. The yield of the last named is approxi- 
mately one molecular proportion, and this is con- 1 
eidcrc^ to indicate the presence of an uobutyl 
groupin the side-chain of gossypol With chtonuc 
acid, hexa-acetylgo9sypol gives a bright yeUow 
substance, letra aeelylgosiypoloM, 

C„H„0,(0Ac),. 

which chars at 230*. This reaction suggests the 
removal of CgHf from, and the formation of two 
additional quinone groups in, the gossypol 
nucleus (Clark, f e ). With ozone, gossypol 
yields goaiypohe acid, probably (C|tH|40«){, 
m p 24T, which u shown by colour reactions 
to be an a hydroxy-acid Mathyt mttkylgoisy’ 
[CuHijOilOMelilr. mp. 142*, gives 
rntthylgoatypolic and, m p. 223*, by bjrdrolysis 
(Karrer and Tobler, I c ). 

Schmid and Marguhes (Monatsh. 1035, 65, 
301), by catalytic reduction of gossypol, obtained 
hydrogoasypol, C,oH,,Og. decomposing at 320*. 
which Coes not form an additive compound with 
acetic acid but yields a htza aectyl derivative 
(decomp 233*) on acetylation. When distilled 
with aino dust it gives isoatnylnaphthalene and 
A iubalanu contaming oxygen, m p 234-238*, 
bp. 1S0°/13 mm By oxidation of hydro 
gossypol with alkaline peroxide, butyric acid 
u obtained together with unidentified com 
pounds 

By extracting cottonseeds with chloroform, 
Podolskaya (Diochem Z. 1936, 284, 401) isolated 
a red crystalhne gossypol which diifera from 
yellow gossypol in its absorption epectrum. On 
the other hand, both yield the same ondnte 
derivative, and the red pigment changes to tbe 
yellow m alcoholic solution It is suggested i 
that the red colouring matter is present m tbe I 
seed, and is changed to the yellow under the ' 
inllueneo of reagents. 

opoGossypol. — By heatmg gossypol with 
40% sodium hydroxide at 100*, upogoaaypol, 
CigHjgO., is obtained together with formic 
acid resulting from the ehmination of the 2 
carbonyl groups originally present. opoGossypoI 
is considerably less toxic than gos^poh It 
yields a hexamtlhyl elher, m p. 259®, and a hexa 
acetyl derivative, m.p. 291®. 

Oxidation of bera-acetylapogossypol in acetic 
acid with chromic acid yields Mra oeetyZapo- 
goasypolont, C]}H]40,(OAc)|, m.p. 230®. apo- 
Gossypol hexametnyl ether is oxidised in a 
similar manner to yellow gouypolon* Mra- 
methyl elher. C„H,,04(0Me)*, m.p 210®. 
This change is consiaerw to involve the for- 


mation of 4 quinone groups without loss of 
carbon from the apogossypol skeleton, 

6- and C-Gossypols. — t^Tien gossypol is 
heated to 186-100® it fuses with tbe evolation 
of vapour, and then solidifies to a black mass 
On treating tbe residue with ether, a sparingly 
soluble yellow crystalline compound, B-gostypol, 
separates, which is much less toxic than gossypol 
and melts at about 246-248®. Again, by fusion 
with alkali, a second new crystalline substance. 
C-gossypol, can be obtained, and this, which ii 
soluble in alkalis with a blue colour, is probablv 
closely related to the purple oxidation prodort 
of gossypol referred to above. 

D-Gossypol, — Colton seed meal which has 
been submitted to the “ cookmg process ” loses 
much of its toxic property, and then contains 
practically no gossypol. By extracting this 
product svith aniline, the aniline compound of 
D-gossypol can be isolated (yield, ] 2%) 
Alcoholic potash converts this substance into 
I D-goasypdl, yellow crystals which darken and 
I soften at about 256° (Carnitb, I e.). 

I Sherwood (J. Agric. Bes. 1926, 82, 793) 

I observes that durmg the manufacture of cotton- 
seed meals 75% or more of the gossypol pmsenl 
I IS converted mto the leas toxic V gossypol, 

I and this he suggests is a hydrolysis product of 
tbe unstable gossypol According to Gallup 
(Ind Eng. Chezo 1027, 20, 39), the extent tn 
I which gossypol » converted into X> gossypol 
depends on temperature, time of heating, and 
amount of water present. Continued heating, 
especially in the presence of water, destroys the 
^-gossypol, finally giving a product free from 
both forms of gossypol and almost non toxic 

According to Clark (I c.). D gossypol yield* 
diaoilinccossypol with anilioe. 

A. G. P. and E. J. C. 

COTTONSEED OIL, an imporUtit by- 
product of the cotton industry is preparM 
on an enormous scale from the seeds of the 
several species of the cotton plant, Ooasypiutn ip , 
which grows wild as a perennial shrub in tbe 
tropics, and is extensively cultivated (as an 
annual crop) for the sake of the fibre in hot but 
non-tropical regions in many parts of the world 
In the United States the “ Upland cotton," 
O Airsvt am L , m which the seed is covered with 
a short fazxydownf" inters ’7raadditioa to the 
longer cotton fibre, is cultivated, whereas in the 
Sea Islands and Egypt, 0. barhadenae is grown, 
which furnishes “naked" or “bald" seeds, 
from which all the cotton fibre (bnt) can readily - 
be atripped. The Indian and Asiatic vsnetiei 
of cotton include the ill-defined species 
O. herbacaum, O, arboreum, Q. indicum and 
O. neglecium, whilst the indigenous Sou^ 
American cotton plants are frequently classified 
as Beparate species O. acumirutlum {=0, 
manum Cav.) and O. braailienae Macf. (—O. 
jienivtanuTTi Engl.). ^VhiIst the native cotton* 
yield almost naked aee^, fuziy seeds from 
cultivated varieties of “ Upland ” cotton are 
also exported from Brazil. 

For classification of the cottons, ate Watt, 
“Wild and Cultivated Cotton Plants of the 
World,** 1907 ; Kew Bull. 1926, No, 6, 193; 
1027, No. 8, 321 ; J. B. Hutchinson, Men. 
Cotton Res. Stat. Tnnidad, Scr. A (Genetics), 
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No. 12, 1935 ; T. H. Kearney and G. J. Harrison, 
J. Agrio. Ees. 1928, 37, No. 8, 465 ; H. B. 
Brown, “ Cotton,” 1927 ; Angelasto, Boyle, 
Meloy and Stine, “ The Cotton Situation,” 
U.S. Dept. Agrio. Year Book 1921, 323). 

In this country,^ cottonseed appears to have 
been first expressed in 1847, and refined edible 
cottonseed oil was being produced in France, 
from Egyptian seed, in the middle of the nine- 
teenth century. In the United States, however, 
the development of the industry, hampered as 
it was by the lack of proper methods for decorti- 
cating the seed and for refining the oil, and 
further checked by the Civil War, was very 
slow ; prior to 1860 practically the whole of 
the seed not required for planting was wasted, 
and although numerous attempts at oil produc- 
tion were made from 1820 onwards, the com- 
mercial establishment of the cottonseed industry 
in America and its rapid progress may be said 
to date only from as late as 1867-1870. (For 
the early history of the cottonseed industry, cf. 
Lambom, “ Cotton Seed Products,” New York, 
1904.) Since then, and especially within the 
present century, the industry has expanded to 
such enormous dimensions that the United States, 
which formerly exported large quantities of 
cottonseed oil to Great Britain and Europe, now 
not only consumes internally the whole of her 
vast crop of over 3^ million tons p.a. of seed 
(equivalent to about 510,000-700,000 tons of 
ofi.), but imports in addition a considerable 
amount of cottonseed oil (57,000 and 86,600 tons 
in 1936 and 1937 respectively) from the United 
Kingdom (from one-third to one-fifth of the 
total), Japan, Brazil and Egypt. The annual 
import of cottonseed into the United Kingdom 
(chiefly from Egypt, Sudan and British East 
Africa, and Brazil) amounts to some 600,000- 
700,000 tons, and the export of oil to some 
23,000-40,000 tons. India, which was formerly 
an important supplier of seed to this country, 
has ceased to export seed since about 1932, the 
whole crop (c. 2,000,000 tons p.a.) being con- 
sumed locally and only the expressed cake being 
exported. Large quantities of cottonseed are 
also grown (chiefly for local use) in South Russia 
(c. 850,000 tons p.a. from 1931-1934) and China 
(c. 1,250,000 tons p.a.). 

About 1,000 lb. of seed are obtained per bale 
(500 lb.) of cotton fibre produced. The seed 
consists of about 40-55% of shell (“ hull ”) and 
45-60% of kernel, and contains as a rule from 
6 to 12% of water, 15 to 25% of oil, 19 to 24% 
of proteins, 24 to 31% of carbohydrates, 14 
to 21% of crude fibre, and 3 to 4-5% of ash. 
The proportion of oil varies with the origin of 
the seed as well as with local climatic conditions ; 
thus on the average, whilst Egyptian seed con- 
tains up to 24% of oil and South American seed 
from 20 to 21%, East Indian seed averages 
about 18% and American seed about 19'5%of 
oil. For commercial statistics, the oil equivalent 
of cottonseed is taken as 17 or 18%. 

A distinction must be made in practice 
between the “ naked ” or “ bald ” seed from 

^ As early as 1783-1789 a prize was offered by the 
Society of Arts of London for a satisfactory process 
for the preparation of oil and cattle-cahe from cotton- 
seed, but this was never claimed. 


Egypt, etc., which is processed in England, 
France, etc., and can be crushed and expressed 
directly, and the seed from the “ fuzzy ” varieties 
of cotton which need to be decorticated before 
expression, since, even after ginning and delint- 
ing, the seed-htills retain a fuzzy coating of 
short fibres, the presence of which in the seed- 
cake would be undesirable. After removing as 
much as possible of this “ Unters ” (which is 
used in the manufacture of 'guncotton, paper 
and other cellulose derivatives) in gin-like 
“ delinting ” machines, the seeds are passed 
through “ hollers ” in order to crack the hulls, 
which can then be separated from the kernels 
or “ meats ” by sifting through shaker screens. 
Chemical methods of removing the linters, 
e.g. by treatment with acid fumes (see Ardashev, 
Ind. Eng. Chem. 1933, 25, 575 ; Ardashev and 
others. Cotton Ind. Trust, U.S.S.R., CoU. Papers, 
1933, No. 1, 38, 40, 55, 83), are less frequently 
resorted to except for analytical purposes. 
The “ meats,” or in the case of the “ bald ” 
varieties the whole seeds, are then crushed 
and “ cooked ” (i.e. heated in the presence of 
open steam) before expressing the oil in hydraulic 
presses. Both the Anglo-American and the cage- 
type of press are commonly employed, but, of 
recent years, the continuous-acting expeller 
t 3 rpe of press has also been employed in the 
United States ; such “ expeller ofi ” is stiU 
frequently denoted by the misleading term 
“ cold-pressed oil,” although, in fact, the crushed 
seed is nowadays steamed and pre-heated before 
being passed into the expeller. 

The extraction of the oil from the seed by 
means of solvents has also been proposed [see 
D. 'Wesson, Oil and Fat Ind. 1933, 10, 151 ; de 
Baedt, Mat. Grasses, 1935, 10673). 

Any “ foots ” or fragments of crushed seed- 
meal are separated or filtered off from the oil 
before storage for sale as “ crude cottonseed 
oil.” The separated “ hulls ” may be used 
as bedding for cattle, as a fertiliser, or as fuel ; 
according to Jamieson (“ Vegetable Fats and 
Oils,” A.C.S. Monograph, 1932 ; cf. Kress, 
Cotton Oil press, 1930, 3, No. 12, 33) increasing 
quantities,, after removal- of the “hull-fibre” 
(linters) in special machines, are ground to make 
“ hull-bran,’’ which is added to the expressed 
seed-cake intended for use as cattle-food. 
Proposals have also been made to work up the 
hulls by destructive distillation (see Randolph, 
Grove and Tucker, J. Elisha MitcheU Sci. Soc. 
1932, 48, 26) or for the recovery of pentosans, 
furfural, etc. (see Zakoshikov, Ivanova and 
Kurennova, Cotton Ind. Trust, U.S.S.R., Coll. 
Papers, 1933, No. 1, 87 ; Zukervanik and others. 
Bull. Univ. Asie Centr. 1935, No. 21, 69 ; Kao 
and Yii, J. Chem. Eng. China, 1936, 3, 
331). 

Expressed cottonseed cake (or meal) serves as 
a valuable ingredient of cattle-food, whilst 
inferior grades are employed as fertiliser ; the 
use of cottonseed meal for human consumption 
has been suggested (see Wesson, Oil and Fat Ind. 
1926, 3, 121 ; Baumgarten, Cottonseed Oil 
Mag. 1924, 40, No. 10, 28). 

Standard methods for the analysis and evalua- 
tion of cottonseed, including determinations of 
oil, nitrogen, etc., have been published by the 
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Amer. Oil CHem. Assoc. (Standard llethods of 
Analysis) ; U S. Dept. Agnc., Service and Beg. 
Annonncemcnts, Bur. Agr. Economica, No. 133, 
1032 ; Assoc, of OS. Agnc. Chem. (Official and 
Tentative Methods of Analysis) ; gee Jamieson 
and McKinney, Oil and Fat Ind. 1930, 7,291; 
Meloy, ibid. 135; 1031, 8. 187; for the deter- 
mination xjf “ lint " and “ hull fibre,” «e aUo 
Freyer, Oil and Soap. 1935, 12, 208. 259; 
McKinney and Jamieson, ibtd. 1936. 13, 139. 

Baw cottonseed kernels are etudded with 
cells containing a deep red brown coionnog 
matter, with which is associated a highly toxic 
phenolic substance “ goasypol,” (see 

CoTTOs Seed, Colouring Matter of) 

Some of this toxic material, which occurs to 
the extent of about 0 4-1-2% of the kernel (tee 
Schwartze and Alshcrg, J. Agnc. Bea. 1923, 2S. 
285; Gallup, Oil A Soap, 1936,13, 191). may 
pass into the oil, if this is really expressed in tlie 
cold ; however, under the action of moist heat, 
incidental to the “ cooking ” process in com- 
mercial od recovery, the gossypol appears to 
combme with the seed protems and is converted 
into a harmless substance known as “bound 
gossypol ’’ or “ D gossypol,” eo that the 
industrial press cake, if properly prepared, 
should not possess any toxic properties (see 
Clark. J. Biol Chem 1926, 76, 229, Oil and Fat 
Ind. 1928, (5), 237 ; 1029, 6. No. 7. 16 , Menaul. 
J. Agile Bes. I923, 26. 233 ; Oil and Fat Ind 
1028, 6, 333. N.B —The til effects occasionally 
observed to arise from the over feeding of cattle 
on cottonseed meal, which were formerly attri' 
buted to the action of gossypol, are now con- 
sidered ic be, m large part at least, due to the 
lack of certain protema and other dietary 
factors in the meal, and can be remedied by 
the addition of appropriate food supplements 
to the feed (eee Clark, I e. ; Gallup and Reder, 
J. Agnc. Res. 1935, SI, 259 ; 1936, 62, 65) ; for 
the determination of total and " bound ” 
gossypol m cottonseed meal, see J. 0. Halverson 
and Smith, Ind. Eng. Chem. {Anal], 1933. 6, 
319; 1034,6,356; 1937,9,516. 

Correspondingly, only traces of the order of 
0 05% of gossypol (J ” bound ’’gossypol) are to 
be found in commercial hot-pressed crudecolton- 
seed oil see Boyce, Oil and Soap, 1933, 10, 
183 ; 1934, 11, 116) ; larger amounts (up to 
1%) have been found in expeller-pressed and in 
eolvent-extracted oils. However, any gossj-pol 
present in the crude oil is completely removed 
during the normal refimng treatment with 
alkali. 

Owing to the presence of the colouring matters 
(which mclude plant-pigments and resins, tee 
Jamieson, Oil and Fat Ind. 1925, 2. 101 ; 
Thornton, jun , ibid. 1934, 11, 209), ernde cotton- 
seed oil has a ruby-red to almost black colour, 
the depth of the colour depending in the first 
instance upon the freshness of the seed. Seed 
that has been stored for a long period may under- 
go deterioration (“ heating ”), which is reflected 
in the inferior quality of the oil obtained theri- 
from. Crude cottonseed od is valued and 
graded according to its flavour, acidity, refimng 
loss, and the qu^ty of the refined oil producible 
from It ; in the American trade, 6 grades from 
“ Prime ” to “ Low-Grade " m addition to 


” Extracted ” and “ Cold-Prcssed " (i «. ex- 
poller.) oils are recognised (we “ Book of Rules ” 
of the National Cottonseed Products Assoc) 
Standard methods for the examination of crude 
cottonseed oils, including determination of 
“ refimng loss " and the behaviour in bleaching 
tests are issued by the above body ; cf. abo 
Official Slethods of the Amer. Od Chemists' 
Society. The usual determmation of “ refimng 
losa” has been modified by McLeod (Oil an? 
Soap. 1936, 13, 67) in order to render it apphcable 
to the examination of English pressed oils. 

The crude oil is refined by treatment with 
dilute caustic soda at a temperature not ex 
cecding 120‘T. (49®C.), whereby the free fattj 
acids are neutralised, and the soap formed 
(“ soap stock ”) falls to the bottom of the 
vessel, carrying with it the brown colouring 
matter end other impurities, so that the super- 
natant neutral od is of a bright yellow colour 
This oil, which is washed to remove traces of 
eoap, IS known as “ summer yellow oil,” and 
may be bleached with adsorbent eart^ and 
deodorised as required. Ods intended for 
technical purposes may be treated with chemical 
bleaching agents. 

The best qualities of refined od, which havs 
not been bleached with chemicals, are consumed 
in enormous quantities for edible purposes | 
thus It IS estimated (Jamieson) that of the total 
ptoduetton of cottonseed od in the United States. 
16% is employed as a salad or cooking od, 2% 
for margarine manufacture, and 70% (much of 
It after hardening by catalytie hydrogenation) 
ID the manufacture of aborteiungs (lard sub- 
etitutea) ; the balanca of 12% of teebnical oil, 
and also the fatty acids recovered by working up 
the “soap stock,” are chiefly utilised in the 
manufacture of various types of soap and soap- 
powders. The Indian and Egyptian cottoasera 
ods are used to a greater extent m soap-maluRg 

By the destructive distillation of cottonseed 
oil combustible gases and hydrocarbon oils tas 
be produced {eet Egloff, Ind. Eng Cbem 1932, 
24. 1426 ; Martin, Bull, Mat. Grasses, 1932, 16, 
97), and it is possible that the application of 
such processing to low-grade crude ods, or to 
cottonseed itseS, may have a certain commercial 
significance in remote districts, such as Central 
Africa, where imported petroleum products are 
abnormally expensive. 

Refined cottonseed od (” eummet od”) is, at 
ordinary temperatures, a pale yellow od of 
characteristic but not unpleasant flavour; on 
standing at about 12*C. a deposit of “ stearin,” 
• e. higher melting glycerides, is formed. As this 
''stearin” would be objectionable in the case 
of oils intended for use as table or salad oiU, it is 
removed on the large scale by chilling the oU 
toa low temperature (5*C. or lower) andfiltenng 
off the deposited glycerides ; the filtered oil, 
known in commerce as “ winter od ” C deiMr- 
garinated " or “ deatearmated ” od), is required 
to remain clear and bright when kept ^ » 
temperature of O'C. for 5} hours ; the discaidsd 
“ stearin ” is used in the manufacture of 
shortenings. The specific gravity of refined 
summer cottonseed od ranges from 0 923 to 

0926atl55°C. ; the saponification value vsnM 

from 100 to 196 and the iodme value from 103 



COUMABANE. 


411 


to 116 ; about 1% of unsaponifiable matter is 
present. On the whole, the oil from Egyptian 
seed tends to have a lower density and iodine 
value than the North American product 
{see Jamieson and Baughman, J. Amer. Chem. 
Soc. 1920, 42, 1197 ; Oil and Fat. Ind. 1926, 
3, 347 ; 1927, 4, 131 ; Perdrigeat, J. Pharm. 
Chim. 1930, [viii], 12, 307) ; thiocyanogen values 
of63-64'8 are recorded for three Egyptian oils by 
Atkinson (Analyst, 1934, 59, 399). Analyses 
of cottonseed oUs by Jamieson and Baughman 
(l.c. 1927) and Hilditch (Hilditch and Rhead, 
J.S.C.I. 1932, 51, 200T ; HUditch and Jones, 
ibid. 202) show that the fatty acids of cottonseed 
oil contain from 19 to 22% of palmitic acid, 
24 to 34% of oleic acid, and 39 to 50% of linoleio 
acid ; only from 1-5 to 2-5% of stearic acid is 
present together with small amounts (0'5-3%) 
of myristio acid (?) and arachidic acid «1%). 
Practically the whole of the palmitic acid is 
associated with unsaturated fatty acids in 
mixed glycerides, only about l-5% of fully 
saturated glycerides being present ; the balance 
of the oil appears to consist of about 60% of 
mono-palmito-glycerides, 16% of di-palmito- 
glycerides, and 24% of mixed triglycerides of 
oleic and linolio acids (Hilditch and Jones, 
J.S.C.I. 1934, 53, 13T). S. Ueiio and Iwai 
(J. Soc. Chem. Ind. Japan, 1935, 38, Suppl. 602) 
report the following composition for the fatty 
acids in a sample of fully hydrogenated cotton- 
seed oil : myristio acid, trace ; palmitic acid, 
17%; stearic acid, 76%; higher saturated 
acids (arachidic acid), 7%. 

Besides the sterols (unsaponifiable matter, 
which includes )S-sitosterol, stigmastanol and 
waxy matter, see E. S. Walh's and Chakravorty, 
J. 6rg. Chem. 1937, 2, 335 ; Anderson and 
Moore, J. Amer. Chem. Soc. 1933, 45, 1944), 
traces of plant pigments (flavone derivatives), 
and phospLolipins are also present in the refined 
oil ; these occur in greater amount in crude 
cottonseed oil, together with a number of other 
minor components — raffinose, pentosans, pro- 
teoses, peptones, phytosterolins, inosite phos- 
phates, etc. (Jamieson and Baughman, J. Oil 
and Fat. Ind. 1924, 1, 31 ; 1925, 2, 101 ; 1926, 
3, 163, 347) ; a small but bulky precipitate 
(known as “ settlings ”) which occasionally 
settles out from a filtered crude oil consists 
of a mixture of such adventitious “ im- 
purities.” 

Cottonseed oil typifies a semi-diying oil : in 
the Livache test it absorbs 6-9% of oxygen in 
24 hours. By blowing air through cottonseed 
oil at a temperature of 90-100'’C., oxygen is 
absorbed with the formation of a small amount 
of “ oxidised acids,” while the acetyl value, 
viscosity, and density rise considerably. This 
reaction can be applied on the large scale to the 
preparation of blown cottonseed oil which was 
formerly used to a considerable extent in 
admixture with mineral oil to form lubricating 
oils of the marine oil type. 

As stated above, hydrogenated (hardened) 
cottonseed oil is used to an enormous extent as 
an ingredient of shortenings. 

For the identification of cottonseed oil, and 
for the detection of it in other oils and fats 
(down to 1% in favourable circumstances), the 


Halphen colour test ^ is most useful, this teat 
is usually carried out as follows : 1-3 c.c. of 
the oil is dissolved in an equal volume of amyl 
alcohol ; 1-3 c.c. of a 1% solution of flowers of 
sulphur in carbon disulphide is added, and the 
test-tube is immersed in boiling water (or, better, 
boiling brine) ; the heating is continued for 2 
hours or until a red coloration. Indicating the 
presence of cottonseed oil, appears (usually 
within 20-30 minutes) ; the intensity of the 
colour depends in the first instance upon the 
proportion of cottonseed oil in the sample, but 
also varies somewhat with different specimens of 
this oil. The reagent which produces the colour 
appears to be an impurity in tbe amyl alcohol 
(Gastaldi), and the test may be rendered more 
delicate by replacing this solvent by pyridine ; 
in this way, it is claimed that 0-25% of cotton- 
seed oil may be detected (Gastaldi, Ainali Chim. 
Appl. 1914, 2, 203 ; Pieraerts and Simar, Mat. 
Grasses, 1928, 8222, 8312; see “German 
Standard Methods for the Analysis of Oils and 
Fats ” (Wizoeff). According to Shelley (Analyst, 
1925, 50, 132 ; see Gastaldi, l.c. ; “ British 
Pharmacopoeia,” 1932) betterresults are obtained 
with the original Halphen reaction if the test- 
tube is sealed before heating. Although the 
Halphen test cannot be used for quantitative 
analysis, it must be considered, if positive, as one 
of the best means for the quabtative detection of 
cottonseed oU; a negative result, however, is 
no conclusive proof of the absence of this oil in 
a mixture, as the colour-producing constituent 
may be destroyed by heating or blowing the oil, 
or even by rancidification on prolonged storage ; 
the test may also fail with hydrogenated cotton- 
seed oils. 

E. L. 

COUCH GRASS. Associated in couch 
grass with triticin (a carbohydrate resembling 
inulin) are dextrose, mucilage, mannitol, and 
inositol) {v. AgeoPybtjm). 

COUMARANE. Coumarane, or hydro- 
coumarone, is prepared by reducing coumarone 
in alcoholic solution with sodium (Alexander, 
Ber. 1892, 25, 2409). It forms a colourless 
oil, b.p. 188-189°, and gives in svdphuric 
acid by addition of ferric chloride a violet 
coloration. 




CsH,C^ ^CH 
CH 

Coumarone. 


Cld; 

Coumarane. 


' Actually, this test Is not specific for cottonseed oil, 
as the seed oils from most plants of the family Malvacea;, 
and of certain allied families of the cohort Malvalae 
(Bombacaceoe, Tiliacese, etc.) give positive reactions 
of greater or less intensity (see S. Ivanov, Ber. deut. 
pharm. Ges., 1927, 45, 588 j Pieraerts, Mat. Grasses, 1927, 
7980). or such oils, however, only kapok oil (which 
Is not yet Imported into America) is of any commercial 
importance. According to Melenbacher (Oil and Soap, 
1936, 13, 136) the presence ofkapokoilmay be detected 
by a characteristic turbidity which is formed when a 
chloroform solution containing kapok oil is treated with 
alcoholic silver nitrate. It may be noted, also, that 
the body-fat (e.g. lard) from animals which have 
been fed on cottonseed cake may give a weak positive 
Halphen reaction : in such a case, the suspected 
presence of cottonseed oil must be confirmed by the 
phytostcryl acetate test. 
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GOUUARIN. 


COUMARIN, 


Cc. 


CH 

*%CH 


wa* obtained by Vogel {Gilb. Ann. 1820, 64, 163) 
from the tonka bean, from tnehlot, and iiom 
woodruff but was miataken for benzoic aad. 
It was first recognised as a distinct sabstance 
by Guibort, who gave it the name coumarin 
It is a normal constituent of lavender oil and 
is very widely distributed m the plant kingdom 
(Gildemeister and Hoffman, “ Die ftthenseben 
Ole,” 1928, Vol. I, p. 652). It occurs in plants 
as a glucosido which is hydrolysed by an enzyme 
present in the plant , i^or its determmation in 
plants, see Dnnean and Dustman, Ind Eng. 
Chem. (Anal ]. 1934, 6. 210. 

It is prepared from tonka beans with 80% 
alcohol, followed by precipitation with water 
(Whhkr, Annaleo, 1856, 88, 66} ; it may also 
conveniently bo extracted melilot (Ober- 

mayer, Z. anal. Cbem 1013,52,185) 

It was first prepared synthetically by Perkin 
byheatmg the sodio derivative of eabcylaldehyde 
with acetic anhydride (J C S. 1808, 21, 63) or, 
better, by boding together eabcylaldehyde, 
acetio anh) dride and anhydrous sodium acetate 
(idem, t&id 1887, 51, 383, see Ttemann and 
HeRfeld, Ber. 1877, 10. 284). Yanagisawa and 
Kond6 (J, Pbara Soc Japan, 1821, 498) have 
desenbM an improved method, using lo^ne os 
a tatolyatiwbich is claimed to give a 70% yield 
Perkin's method is that most frequently used 
for the technical production of coumarin. A 
variant of the process consists is the treatment 
of aalieyUldehyde with acetic anbydndo at 180* 
(Beychler. Bull. Soc chim. 1897, (ui). 17. 51$). 

Aaothcc method used commercially is the 
condensation of sabeyUldehyde with malotue 
acid in acetic acid, followed by decarboxylation 
by heating the coumarin 3 carboxybe acid 
formed (Stuart, J.C S. 1880, 49. 367). 

Coumarin is also formed by heating a mixture 
of phenol and mabc acid with sulphuric acid or 
zinc chloride (von Fechmann, Ber. 1883, 16. 
2119 ; 1884, 17, 929, 1049) , this may be ex 

phenol homologues being employed (are Bailey 
and Boettner, Ind Eng Cbem. 1931, 13, 905) 
The most important method of obtaining 
substituted coumanns is by the condensation of 
phenols with ethyl acetoacetato or its alkyl 
denvatives in the presence of sulpbnric and ; 
thus, phenol and ethyl acctoacetate yield 4 
metbyicoumarm (von Fechmann and Diiubeig, 
Ber. 1883, 16. 2127 ; von Peebmann and von 
Krafft, thid. 1901, 34, 421 , Peters and Simoms, 
ibid. 1008, 41, 831). Phenols containing alkyl, 
hydroxyl, or dialkylamino groups in tbo tn. or 
2:4* positions give good yields in the reaction, 
but condensation is prevented by tbo prescDee 
of nitro, carboxy 1 or carbethoxy groups (Clayton, 
J.C.S. 1903, 03. 2018). Phosphoric acid is md 
to be supenor to sulphuric acid as a catalyst 
for thia reaction (Chakravartt, J. Indian Chem. 
Soc. 1031. 8, 619 ; 1935, 12. 636) while ethyl 
atcohobo hydrogen chlondo brings about con- 


densation in good yield when the ordmin 
method fads (Appel, J.C.S. 1935, 1031). 

Coumarm forms rhombic crystals, inp. 7o* 
bp. 291'’. It has a pleasant aiomstic odour 
and IS sparingly soluble in hot water, resdilj 
eolubte in boiling water, and very soluble ti 
alcohol and ether. Crude coumarin nay {« 
purified by repeated cryatallisation from lijh 
petroleum (Claassen, Pharm. J. 1897, 4, 181) 
Hot concentrated alkalis convert coanawi 
mto salts of coumano acid (ets-o hydroxy 
cumamic acid) from which coumarin la re formd 
by heating with acetio anhydride. Redurtioa 
of coumarm with sodium amalgam in water or 
alcohol or with zinc and sodium hydmiidr 

{ lelda meblotic acid (Zwenger, Annalen SuppL 
867,5, 122 ; 1872,8,32 ; Fries and Pickewirtli 
Annalen, 190S, 362, 30, 35). On nitration 6 
nitrocoumarm is the prmcipal product (Peli 
lande, tbid 1842, 337 { Morgan and 

ftlicldethwait, J.C S. 1904, 85, 1233) together 
with a small amount of 8 nitrocoumann (Dey 
and Krishnamurthi, J. Indian Chem. Soc. 1917, 
4, 107), Sulphonation yields, first, coumarm 6 
sulphonic acid and then the 3 : B.disulphonlc acid 
(Perkin, J.C S. 1871, 24, 52 ; Sen and Chakn 
varti, J. Indian Chem. Soc. 1928, 5, 433) 

The mercuration of coumanns has beer 
studied by a number of workers (Sea soil 
Chakravarti, ihij. 1929,6,847 { KaikandFshl 
JC8 1934,1043; CbakrBvarti.J.IndianCfaKD 
Soc 1936, 12, 130) and the mtroduetios of 
arsenic into tbe coumarin nucleus by Coswsni 
and Dos Gupta {tbxd. 1931. 8. 417). 

Sodium bisulphite reacts with cousarbu to 
givo 0 sulphonic acids (Dodge, J. Amer. Cbssi 
Soc. 1916, 38, 448 ; 1930. 52, 1724 ; Day sod 
Row, J.C.S. 1924, 125, 554), a reaction thatbu 
successfully been applied for the determliiaUQn 
of coumarin (Radcliffe and Sharpies, Ferf. and 
Easent. Oil Rec. 1024, 15, 396. 437 ; 1025, 16. 
20 «< seg ). 

la Germany, woodruff is steeped in white 
wmc, to which it imparts the pleasant aroma of 
coumarin (Afotwein, JUaitrttnk). Instead of 
woodruff, an alcoholic solution of coumarin u 
employed for the same purpose (»ee Simonu. 
"Die Cumanne," 1016, p. 69). In large doeei 
coumann is said to have a narcotic action. 

Cwuoaii'n. haA ♦Jin, vgwuuyn. ndnioi aC<u«jemJs 
and is used in perfumery for the preparsti^ 
of asperula esaenee. It is also frequently used 
to adulterate vanilla extract. For its 
mmation in vanilla essence, see Winton aod 
Silverman, J. Amer. Chem. Soc. 1902, 24, 1126 i 
Winton and Bailey, ibtd. 1905, 27, 719. 

H. N, 

COUMARIN GLYCOSIDES. Coumarm 



which has itself no free hydroxyl group, 
in glueoside form as o-coumarii, acid gfueoeide, 
known as melilolin, 

CjH„Oj'O C,H,-CH-.CH CO,H. 
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The agluoones of the hydroxy coumarin gluco- 
sides are : 

Skimmin . . 7-hydroxyooumarin. 

JEsculin . . 6 : 7-dihydroxycoumarin. 

Cichorin , . 6 : 7-dihydroxycoumarin. 

Daphnin . . 7;8-dihydroxycoumaria. 

Scopolin . . d-methylsesouletin. 

Fabiatrin . . 6-methylaesouletin. 

Fraxin . . . 6-methoxy-7 : 8-dihydroxy- 

coumarin. 

Skimmin has the glucose attached at position 
7, as also has daphnin. In sesoulin it is at 
position 6 (Head and Robertson, J.C.S. 1930, 
2434), in cichorin at position 7 (Merz. Arch. 
Pharm. 1932, 270, 476), and in fraxin at 8 
(Wessely and Demmer, Ber. 1928, 61, [B], 
1279 ; 1929, 62, [B], 120). Scopolin contains 
two glucose residues, fabiatrin only one. 

E. F. A. 

COUMARONE, 2:3-benzfuran, 



occurs in the coal-tar fraction of b.p. 165-175°. 
After removing pyridine bases and phenols by 
treatment with acid and alkali, the oil is treated 
with bromine at 0°, and the dibromide thus 
obtained reduced to coumarone with alcoholic 
potash and sodium amalgam (Kraemer and 
Spilker, Ber. 1890, 23, 78 ; Burda and Sukat- 
scheva, Ukrain. Chem. J. 1931, 6, [Sci.], 169). 
It may also be obtained from this source by 
adding picric acid to the oil, when coumarone 
picrate crystallises out. This is separated, 
decomposed uith hot water or dilute alkali, and 
tlfe coumarone obtained by steam distillation. 
The picric acid is recovered and used for another 
operation (G.P. 53792 ; B.P. 1422, 1890). 
It may be separated from accompanying indene 
by condensation of this with ethyl oxalate 
(Thiele, Ber. 1900, 33, 3400). 

It is obtained synthetically by heating o- 
hydroxj’-co-chlorostyr’ene with caustic potash 
(Komppa, Ber. 1893, 26, 2971), by heating 
phenoxyacetaldehyde with zinc chloride in 
acetic acid (Stoermer, Annalen, 1900, 312, 261), 
and by heating phenoxyacetaldehyde diethyl- 
acetal with anhydrous oxalic acid (Stoermer, Z.c.). 

Coumarone is a colourless oil of aromatic 
odour, b.p. 173-175°/760 mm., 62-63°/15 mm., 
1-0913, 1-5645, and is insoluble in 

water but soluble in alcohol and ether. It 
may be characterised by means of its picrate, 
m.p. 102-103°, and 1:3: 5-trinitrobenzene 
derivative, m.p. 104°. It is stable to alkalis, 
ammonia, potassium cyanide and hydrochloric 
acid but yields a series of polymers -with sul- 
phuric acid (r. Coumabone Resins). The coal- 
tar fraction, b.p. 185-195°, contains methyl- 
coumarones (Stoermer and Boes, Ber. 1900, 33, 
3013). 

H. E. R. 

COUMARONE RESINS. Kraemer and 
SpUker (Ber. 1900, 33, 2257 ; 1901, 34, 1887) 
found that coumarone was polymerised by 


CHINA BEAN. 

treatment with sulphuric acid ; Heusler (Z. 
angew. Chem. 1896, 9, 318) found that alumin- 
ium chloride had a similar action, and Stein 
(ibid. 1919, 32, 246) showed that stannic chloride 
was also an efficient catalyst for this polymeri- 
sation. 

Technical coumarone resins are mixtures of 
coumarone and indene polymers obtained by 
treatment of coal-tar naphtha of b.p. 150-200° 
with suitable catalysts, notably sulphuric acid. 
Ellis and Rabinovitz (Ind. Eng. Chem. 1916, 8, 
797) made a thorough study of this process and 
concluded that sulphuric acid was the most 
effective catalyst ,- ferric chloride or aluminium 
chloride (G.P. 446707) and fuller’s earth mixed 
ivith ferric sulphate (U.S.P. 1894934) have also 
been claimed to be effective catalysts, while 
according to Bojanowski, Gizidski and Rabek 
(Przemysl Chem. 1934, 18, 321) almost colourless 
resins are obtained by using a mixture of sul- 
phuric acid, acetic acid and water in the ratio 
15 : 4 : 1. For discussions of the technical pro- 
cedure, see Marcusson, Chem.-Ztg. 1919, 43, 
93, and Glaser, Brennstoff-Chem. 1921, 2, 99, 
113. 

The best quality coumarone resins are pale 
amber solids melting above 130°. They are 
classffied according to colour and hardness ; 
resins softening above 50° are termed “ very 
hard,” between 40° and 50° “ hard,” and 
between 30° and 40° “ medium hard.” For 
methods for their examination, see Marcusson, 
Chem.-Ztg. 1919, 43, 109. Coumarone resins 
differ from many other resins in that they are 
neutral and unsaponifiable ; although somewhat 
unsaturated they are unaffected by most re- 
agents; on heating above 300° they undergo 
partial depolymerisation. Technically, they 
find wide application, being especially useful in 
the manufacture of varnishes, printing inks, 
waterproofing materials, rubber compositions 
and chewing gum. For a complete review of the 
chemistry and application of coumarone resins, 
see Ellis, “ The Chemistry of Synthetic Resins,” 
1935, Vol. I, ch. 5-7. 

H. N. R. 

COVELLINE or COVELLITE. Native 
cupric sulphide, CuS, crystallising in the hexa- 
gonal system. Crystals are rare and have the 
form of thin six-sided plates. Fine large crystals 
have been found at Butte in Montana-. The 
mineral has a characteristic indigo-blue colour, 
hence the nameind/yo-cqp^er(Ger. Kupferindigo). 
It occurs in most copper-mines as a blue, earthy 
coating on other sulphide ores of copper, and 
is sometimes found in sufficient quantity to 
be of importance as an ore, e.g. at Butte in 
Montana, and Copiapo in Chile. CoveUite con- 
taining platinum (as the mineral sperrylite, 
PtASj) is mined in the Medicine Bow Mountains 
in Wyoming. 

L. J. S. 

COW PEA or CHINA BEAN. The seed 
of the legume Vigna sinensis (L.) Endl. (or 
Dolichos sinensis, L.), are variously coloured, 
approximately J in. long, and are formed in 
long narrow pods often more than a foot in 
length. The peas are eaten as a vegetable, 
either green or dry, and the whole plant serves 
as a forage crop for cattle. 
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Analyses of the beans average : 


Edible U S Dept, Bbodestsn 
green Agric. Dept, 
beans. ( 1906 ). Agric. <1034] 


Water . , 

Protein 
Pat . . . 

N'freo extract. 
Fibre . . 

Ash . . . 


_ 4-1 


1-4 


32 


34 


According to Osborne and Campbell (J. Amer. 
C3iem. Soc. 1897, 19, 494) the protein consti- 
tuents of the cow pea include 3 globulins: 
(i) the major constituent (C 62 6, 

N 17 3. S 0 5%) ; (u) pJiastotir. (C 52 3. N 16 7, 
S 0 6%) : and (tu) a soluble globulin (C 53 2, 
N 16 4, S 1-1%). 

Osborne and Heyl (Amer. J. Pb3r8iol. 1908, 22, 
363) found the products of hydrolysis of tigntn 
tohe: 


0 00 Phenylalanine 
0 78 Ptohno 
0 29 Tryptophan 
6 73 Arginine . 

2 94 Lysbe . 

, 12 84 Eiatidine 
2 03 Ammooia 


4-41 
. + 
604 
. 377 
2 71 
218 


GlycoeoU. 

Alatune . 

Valine 
Leucme 
Aspartic acid 
Glutamic acid 
Tyrosine . . 

Jones tt al (J. Biol Chem. 1924, 62. 183) show 
Rj^nin to contain cyatuie 0 52% and ttyptopban 
l'W%. 

Adolph and Chiang (Chinese J. Phyno). 
1636, 9, 347) separate five fractions among the 
proteins of cow pea, vu. 

VigDin (Qlobalui A) . 45 

Glutelio .... .25 

Albumin ... 16 

Globulin B ... .10 

Globulin G .5 

and record the high cystine content of the^ 
globulins and albumin and the high lysine con- 
tent of the glutelin. Bhagvat (J. lodian Inst. 
Sci. 1935. 18, A, 39, 137) also examined the 
proteins and confirms tho high cystmo content of 
the globulins. 

Average analyses of tho green part# of the 
cow pea as used for fodder are recorded by the 
U.S. Dept, of Agncidtnrc as : 

Crcea fodder. Hay. 

Water 83 6 10 7 

Protein 2 4 16 6 

Fat 0 4 2 0 

N-free extract . . .7-1 42-2 

Fibre 4 8 20 1 

Ash 1-7 7 5 

A. G. To 

■ '• CRAB’S EYE ” v. Abrcs Pbecatobius 
CRANBERRY. The fruit of the American 
bog plant Fflceinium rnacrocarpon Ait. A 
smaller species ( V. Oiycoccui. L ) occurs boGi m ' 
Europe and Anienca. A related spcacs (F. 
nrio-ii/ara) is hnown as the mountain or r^ 
cranberry, red uhortlcberry or cowberry m 
England, and ns foxbeny in the United States. 
The fruits are notable in keeping frr a long time 


without decomposition, largely because they 
cantaia appreciable amounts of benzoic acii 
The extremely sour fruit find widespread use 
in the form of jam or jelly. 

Average analyses of cranberries are : 


Water . . . 

Ptotem 

Fat 

N-free extract 
Free acids ^ . 


Atnerlcan- 
% 


87-8-88 8 

0 35-0 5 0 10-0-12 

0 57-0 97 — 

9 0-10 1 10 1 

2 3-2 4 2 3 

3 5-^-1 1-5 

M-1-6 — 

016-018 015-017 

^ Calculated as tittle stld. 

Oanberty juice contains invert sugar 87 1, 
acids (calculated as mahe acid) 19 0. ash 39. 
nitrogen 0 11 g. per litre, and either becanae of 
the benzoic acid content or because of the smal] 
amount of nitrogen present is not fermentable by 

While all investigatoia agree on the ptesecce 
of benzoic acids (0 02-0 09%) m cranberries, there 
seems some difference of opmion as to the nature 
and proportion of other acids occurring in the 
fruit Citnc and malic acids are generally reported 
to Ameiican cranbemes ; StoUe (Z. Ver deut 
Zocker Ind. 1900, 27, 609) found glyosylo s«d 
in European fruit, and Rising (Kgl Lanotbrulis 
Akad. band]. Tidskr. 1914, 329) also fouod 
tscvalonc aeid. According to Isham e( #1 
(hfassachusetts Agric. Exp. Sta Bull. 1933, 
No. 316) aabo acid is present in mature and 
uomatuie frmt in similar proportions (0 36%), 
whereas the citric acid content dechnes some 
wbat (1'31>1 07) with advancing satiml?, 
Tbe same authors also record more than 05% 
of quinie acid in the fruit. 

Rising (1 e.) also isolated from cianbemes the 
glacoside roccintin, 

CjHiiOgCOCgHs. 

The ash of American cranbemes contains: 
K.O 48 0, NSjO 6 6. CaO 18 6, MgO 6 8. 
Fc,0, 0 7, PjOj 14 3, SiOj 6 22, Cu 0 0009%. 

According to tViJIstStter (Sitzungsbcr. K. 
Akad. Wiss. 1014, 12, 403) the pigment of the 
cranberry is an anthocyanm (chlonde, 
CjiHiiO^CI), a compound of galactose with 
cyanidxn. Claassen (iftid. 16,70) isolated from 
the fruit a bitter substance ozycoccin which 
gave reaction'* similat to those of sihutin. 

Tho cowberry or foxberry closely resembles 
cranberry in natur? and uses Recorded analyses 
by Yetgaard (Tids. Korsko Landwbruks. 1902, 
9, 125) give tho average composition as: totJ 
solids 15 6, protein 0 25, total acids 1-92, citric 
acid 0 84, maLo acid 0 31, sugars 6 4. pentosani 
059. fibre 1 88%. Accordmg to Hotter (Z. 
Undw Vctsuchaw. 1006, 9, 747) tho sugars 
comprise glucose 3 0-4 6, fructose 4 0-5 8, 
sucrose 0 4-0 8% of the total dry matter. 

SVindisch and Schmidt (Z. Unteis. Nabr.* 
Genussm. 1909, 17, 584) show tho average com- 
position of the juice (ap gr. 1-043) to be: solids 
113, protein 0 12, acids (as citric) 1-9, invert 
sugar 6 6, sucrose 0 5, tannin 0 19, flsh 0 3%. 

Vaccinun is also present in tho fruit. 
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Cowberry seeds, according to Diedrichs (ibid. 
1912, 24, 576) give the following analysis : — 

N-free extract 

■Water. Protein. Fat. and fibre. Ash. 

% % % % % 
6-97 -23-24 30-12 38-56 2-11 

The seeds yield a drying oil having, the following 
characteristics : djj 0-9301, refractive index 
1-4753 (25°), saponification value 190-1, iodine 
value 169-2, Eeichert-Meissl value 0-65, Polenske 
value 0-30, Hehner number 95-7, acid value 
1-94, hexabromides of Unoleio and hnolenic 
acids 22-8%. 

A. G. Po. 

CREAM OF TARTAR. Acid potassium 
tartrate, C4H5O5K. 

CREAMING V. Bleachino. 

CREATINE. Methylglycocyamine, Methyl- 
guanidinoacetic acid, 

' H2N-C(NH)NMeCH2-COjH,HjO, 

discovered by Chevreul (Annalen, 1832, 4, 293) 
in muscle (xp^ar=flesh), occurs in human flesh, 
in the flesh of many warm and cold blooded 
animals, and in urine under certain conditions 
(von Liebig, ibid. 1847, 62, 257 ; Gregory, ibid. 
1848, 64, 105 ; Schlossberger, ibid. 1848, 66, 80 ; 
Price, ibid. 1850, 76, 362 ; Voit, Z. Biol. 1868, 4, 
77 ; Marcet, J.C.S. 1864, 2, 406 ; FoUn and Denis, 
J. Biol. Chem. 1914, 17, 488 ; Rose, ibid. 1911, 
10 , 265) ; the amount varies with the species 
and the organ ; the flesh of fowl yields 3-21% ; 
of pigeon, 0-825% ; of ox, 0-697% ; of ox heart, 
1-376% ; of herring, 1-324% ; and of brill, 
0-614% (Gregory, l.c. ; Beker, Z. physiol. 
Chem. 1913, 87, 28 j according to Myers and 
Fine (J. Biol. Chem. 1913, 14, 9) it is constant 
for a given animal. 

The origin and physiological significance of 
creatine and creatinine are still controversial 
subjects of too detailed a nature to be considered 
here. Creatine is very unevenly distributed in 
the body, about 98% being found in the muscles 
and most of the remainder in the brain. It is 
not found in the urine of normal adults and 
cannot be regarded as a ■waste product of the 
metabolism of protein from which it is pre- 
sumably formed. It is an essential substance 
for muscle metabolism since a large part of the 
creatine in muscle is present in combination 
with phosphoric acid as phosphagen (pbospho- 
creatine) ; the hydrolysis and resynthesis of this 
compound are important phases in the processes 
of muscular contraction and relaxation, phospha- 
gen thus serving as a reservoir for the inorganic I 
phosphate necessary for the process of contrac- 
tion. It is probable that creatinine is a waste 
product formed from creatine, although this has 
been disputed. For further details and refer- 
ences, see Hunter “ Creatine and Creatinine,” 
Tajngmans, Green & Co., 1928, Peters and van 
Slyke “ Quantitative Clinical Chemistry,” 
Baillifere, Tindall & Cox, 1931. and Lovatt 
Evans “Recent Advances in Physiology,” 
Churchill, 1930. 

In order to extract creatine, the flesh is heated 
■with its own weight of water at 60°, and the 
juice expressed. The flesh extract is then heated 
to coagulate the protein, and filtered ; the fil- 
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trate is treated ■with basic lead acetate until no 
further precipitation occurs, and again filtered 
after remo^ving the excess of lead from the filtrate 
by sulphuretted hydrogen, when it is evaporated 
until creatine separates on cooling ; this is 
washed with alcohol and recrystaUlsed from 
water (Neubauer, Z. anal. Chem. 1863, 2, 26 ; 
1867, 6, 33). Creatine may be prepared by the 
decomposition of creatinine zinc chloride by 
means of calcium hydroxide (Benedict, J. Biol. 
Chem. 1914, 18, 186). 

Creatine is prepared synthetically by heating 
sarcosine ■with cyanamide at 100° : 

CN-NH.-fNHMe-CHj-COaH 

= NH:C(NH2)NMe-CH2-C02H 

(Volhard, Z. Chem. N. F. 1869, 5, 318 ; Strecker, 
Jahresber. Chem. 1868, 686) ; or, together -with 
creatinine, by fusing sarcosine with guanidine 
carbonate (Paulmann, Arch. Pharm. 1894, 232, 
638). It has also been prepared by King (J.C.S. 
1930, 2374) by treating sarcosine in alkaline 
solution ■with methylisothiocarbamide hydrio- 
dide. Bergmann and Zervas have obtained 
diacetylcreatine from sarcosine and triaoetylan- 
hydroarginine (Z. physiol. Chem. 1928, 173, 80). 

Creatine forms colourless transparent mono- 
clinie prisms, containing 1 H 2 O, which it loses at 
100° ; it dissolves in 74-4 parts of water at 18° ; 
in 9.810 parts of cold absolute alcohol, and is 
insoluble in ether (von Liebig, Annalen, 1847, 62, 
257). Heat of combustion at constant pressure 
is 4,240 g.-cal. (Emery and Benedict, Amer. J. 
Physiol. 1911, 28, 307). The presence of urea, 
creatinine, or certain salts raises the solubility 
of creatine in water and alcohol (Neubauer, l.e.). 
The aqueous solution is neutral, and has a bitter, 
harsh taste. 

Creatine is decomposed by boiling baryta 
water into sarcosine, urea, and methylhydantoln 

NH:C(NH2)NMe-CH2-C02H-(-H20 

= C0(NH2)2-}-NHMeCH2-C02H 

C0(NH2)2-l-NHMe-CH2-C02H 

.NMe-CHs 
- co/ I ^ 
\NH • CO 

(Neubauer, Annalen, 1866, 137, 294) ; or by 
mercuric oxide and water into oxalic acid and 
methylguanidine ; or by heating with soda-lime 
into ammonia and methylamine. Treated with 
mercuric acetate in presence of sodium earbonate 
it yields a-methylguanidinoglyoxylic acid, 

NH2 C(NH)NMe-C0-C02H,2H20 ; 

glistening flakes, m.p. 203-204° (Bauman and 
Ingvaldsen, J. Biol. Chem. 1918, 35, 277). When 
potassium hydroxide is added to an aqueous 
solution of creatine and silver nitrate until the 
white precipitate first formed just redissolves, 
the liquid solidifies to a transparent gelatinous 
mass immediately reduced on heating, or in the 
course of a few hours at the ordinary tempera- 
ture. The addition of potassium hydroxide to a 
solution of creatine and mercuric chloride 
precipitates a white crystalline compound 
(Ci*d 8 ® 2 f'^ 3 ) 2 ^E>HgO (Engel, Compt. rend. 
1874, 78, 1707 ; 1875, 80, 885). Creatine is 
converted into creatinine by heating -with 
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dilate mineral acida for Bome hours (Dess&Igne^ 
Jahresber. Chem. 1857, 544) or at 117" for 15 
minutes (Benedict and Myers, Amer. J. Physiol. 
1907, 16, 352); or by boding to dr^ess a 
Bolntion of creatine to vhich has been added 
an equal volume of hydrochloric acid (Benedict, 
J. BioL Chem. 1914, 18, 192} ; or by heating 
■with water only in sealed tubes at 100* for 2-3 
days (Neubauer, Z. anal. Chem. IS63, 2, 33). 
The equilibrium between creatme and creatinme 
in aqueous solutions has been studied by £dgar 
and Shiver (J. Amer. Chem. Soc. 1925, 47, 
1179). The ratio of the molecular concentration 
of creatinine to that of creatme in water at 
different temperatures and in vanoua buffer 
solutions IS given; thus m water the ratio is' 
0 54 at 25* ; 2 89 at 100* ; 36 72 at Jh 1 (50®). 
and 1*03 atpg 6 (50°). 

Smorodincev (J. Russ Phys. Chem. Ges. 1915, 
47, 1275) obtained a double salt of silver mtrate 
and creatmme, C4HyONj‘AgNOj (decomposing 
188-191°) by treatmg pure creatine with silver 
mtrate in a sLghtly acid solution 

Creatme forma aoluble tmimai aalts with the 
mineral acids (Deasaignes, Annalen, 1854, 92, 
409], and readily soluble compounds with zmc 
chlonde, C4HBOjN,,ZnCI, , and cadmium 
chloride, C4H,0,N.,CdCli,2H,0 (Neubaucr, 
tbtd. 1866, 137, 300). Crtatine picrate forms 
woolly needles melting at 218-220* (decomp) 
The mp is not depressed by admixture with 
creatinine picrate (iCing, J.C.S. 1930, 2374) 
The/laviannts (v p. 417i) melts at 231* (Langley 
and Albrecht, J. Biol. Chem. 1935, 108, 729) 
When creatme ui alkalme solution is treat^ with . 
sodium nitroprusside and a persulphate a red 
colour IS obtained ; Pittarelli claims that this 
reaction is sensitive to 1 m 50,000 (A. 1936, 
1121 ). 

Creatine u not usually estimated directly . 
it is converted into creatuune (^.v), and esti. 
mated as such ; for the estimation of creatme 
in urine, v. Benedict (J. Biol. Chem. 1914. 
18,192 : 1929,82, 1 ; Folm.thid. 1914.17,469). 
Methods for estimating creatme directly have 
been su^ested by Walpole (J. Physiol. 191 1, 42, 
301), who makes use of the fact that a pale red 
colour is given by alkalme eolations of creatme 
and not by creatinme when a trace of diacetyl 
is added, and by Lang (Z. physiol. Chem. 1932, 
208, 273) who uses the violet colour formed from 
creatine and acetylbenzoyl in alkaline eolution. 
Several methods have been adapted for blood 
filtrates, but it is still uncertam whether the 
chromogenic substance in blood is really 
creatine, see Peters and van Slyke (“ Quantita- 
tive Clinical Chemistry,” Bai^ire, Tindall & 
Cox, 1932). 

a-Quanidinopropionic acid, alacrealine, 

NH, C(NH)NH CHMe CO,H, 

an isomer of creatine, forms sparingly soluble 
prisms. It is prepared from alanmo and 
cyanamide (Baumann, Annalen, 1873, 167, 83} or 
from alanine and methylMOthiocarbaoude. The 
picrate forms needles, m.p. 187* (decomp.) (King. 
J.C.S. 1930, 2374), 

The homologues of creatine are prepared 
the action of cyanamide on the corresponding 


amlno acid in the presence of ammonia, «« 
a-aminocaproeyamine, ' ^ 

NH,-C(NH)NH CH(C0,H)CH, CHMe,. 
from leueme and cyanamide (Duvilher Comet 
rend. 1886, 103, 211 ; 1887,104.1290). Accord, 
mg to DuviUier (1 c.) methyl- or ethyl ammo. 
a<^a yield with cyanamide the correspond, 
mg efcattmne The creatine is formed only m 
the case of methylglycine and of i9-methjl 
ammopropionic acid, the latter yielding mtlhU 

alaereaiine, NH, C(NH)-NMe-CHMe CO,H 
(Lindenberg, J pr. Chem. 1875, [ii}, 12, 2M). 
This generahsation is not confimed by Gansser 
(Z, physiol Chem. 1909, 61, 16), who obtained 
the creatinme and not the creatme from a 
methylaminopropionic acid and cyanamide, 
but prepared p methylffuanidtnopropionte acid 
NH, C{NH)NMe [CH,],C0,H,H,0. mp’ 
201-202®, from cyanamide and p methylammo 
propunuc acid, and y melhylguantdinobutvrte 
acid, NH,'C(NH)NMe[CH,),CO,H, mp. 
307*, Uova cyanamide and y-metbylammobutyno 
acid. 

Formaldehyde and creatine yield the com- 
pound C.HaiO jNg.SH jO, decomposing at 250°, 
and forming a dtbemoyl derivative, 
CgH,0,N,Br,. 
m p. 265-266® (Jaffe, Ber. 1902, 35. 2896). 
Phtbolyldiereatine, 

C,H«[CO NH C(NH)NMe-CH,-CO,H],. 
has n>.p. 212® (Urano, Beit. Chem. Physiol. 
Path. 1907, 9, 183). Diacetylcrealine, 

NH.C(NHAc)NMeCHpCO,Ac. 
has m p. 165® (Erlenmeyer, Annalen, 1895, 284, 
50). 

M. A. W. and W. V. T. 
CR EAT I N I N E . Methylglyeocyamidint, 
^NMe CH, 

C:NH I 
■^NH- CO 

discovered by von Liebig in human unne 
(Annalen, 1647, 82, 268), is also a constant 
constituent of the unne of horses, cows, dogs, 
pigs and rabbits ; the amount of creatupe 
in the tissues is uncertain as its determins- 
tion IS* attended -with difficulties owing to 
the ease with which creatine is converted 
into creatinine by poet mortem autoJysis 
This accounts for the conflicting Kiporti of 
different investigators on the creatinme con- 
tent of muscle which probably contains only a 
very atnall amount if any. Accordmg to Fohn 
and Denis (J. Bioh Chem. 1914, 17, 487) nonosl 
human blood contains 1 mg. creatinine and 
6-8 mg. of creatinine and creatme per 100 g 
blood; but see below under Estimation oi 
Creatinme, In domestic ammals it is about the 
samo; in birds O-l mg. creatinme but U mg 
creatinine and creatme. It is probably a normsl 
constituent of all sods (Shorey, J. Amer. Chem. 
Soc. 1912, 84. 09; Sulhvsn, ibid. 1911, 23, 
2035) and vegetable matter (Oshima and Am 
znmi, J. ColL Agric. Tokyo, 1914, 6, 17). _ 
Under normal conditions, the excretion of 
creatinme is constant from day to clay. The 
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amount excreted by an individual per day varies 
from 7-6 to 10 mg. creatinine nitrogen per kg. 
body weight and is roughly proportional to his 
muscular development ; it is not aSected by 
diet or exercise. Creatinine is, therefore, 
generally regarded as an end product of endo- 
genous metabolism, most probably of creatine 
catabolism (Shaffer, Amer. J. Physiol. 1908, 
23, 1 ; EoUn, ibid. 1905, 13, 46, 66, 117 ; 
Pekelharing, van Hoogenhuyze and Verploegh, 
Proc. K. Akad. Wetensch, Amsterdam, 1905, 8, 
363 ; Klercker, Beit. Chem. Physiol. Path. 1906, 

8, 69 ; Eolin and Denis, J. Biol. Chem. 1914, 17, 
500 ; Harding and Gaebler, ibid. 1922, 64, 
679 ; Hodgson and Lewis, Amer. J. Physiol, 
1928, 87, 288). Creatinine administered to 
animals is rapidly excreted almost quantita- 
tively (Foster and Fisher, J. Biol. Chem. 1911, 

9, 359 ; Towles and Voegtlin, ibid. 10, 479). 
Under ordinary circumstances no creatine is 
excreted by adults. Some normal women, 
however, all infants and young children, and 
adults in starvation and certain pathological 
conditions excrete some creatine (Denis and 
Minot, ibid. 1917, 31, 561 ; Folin and Denis, 
ibid. 1912, 11, 253 ; Rose, ibid. 1912, 10, 
265 ; 1917, 32, 1 ; Gamble and Goldschmidt, 
ibid. 1919, 40, 199). 

Creatinine is extracted from urine by 
evaporating to one-third the original volume, 
decanting from the salts that crystaUise out, 
precipitating with lead acetate and filtering, 
removing the lead from the filtrate and precipi- 
tating the creatinine with mercuric chloride 
as the sparingly soluble double salt. This is 
separated, decomposed by sulphuretted hydro- 
gen, and the creatinine crystallised from the 
•filtrate as the hydrochloride (Maly, Annalen, 
1871, 159, 279 ; or by precipitating it as 
creatinine potassium picrate with subsequent 
decomposition of the double salt (Folin, J. Biol. 
Chem. 1914, 17, 463 ; Benedict, ibid. 1914, 18, 
184). 

For extraction from the body tissues and 
fluids, see Costantino (Chem. Zentr. 1915, 11, 
287, from Arch. farm. sper. 1915, 19, 254). 

Creatinine bears the same relation to creatine 
as hydantoln to hydantolc acid 


CO 


NHj 

NH-CHj-COjH 

Hydantolc acid. 


^NH, 

C:NH 

■^NMeCHj-COjH 


^NHCO 
CO I 
■^NH-CHs 
Hydantoln. 

^NH • CO 
C:NH I 
'^NMe-CH, 


Creatine. 


Creatinine. 


and is prepared by boiling creatine with dilute 
mineral acids for some hours (Liebig, Annalen, 
1847, 62, 628) or by heating at 117° for 15 
minutes under pressure (Benedict and Myers, 
Amer. J. Physiol. 1907, 18, 362, see, however, 
J. Biol. Chem. 1914, 17, 363; Folin, ibid. 
469), or by boiling down to di^ess with an 
equal volume of N-HCI (Benedict, ibid. 1914, 
18, 192), or by heating creatine with anhydrous 
zinc chloride (Edgar and Hinegardner, ibid. 
1923,56, 1). 

VoL. HI.— 27 


Creatinine can be prepared syntheticaUy by 
heating guanidine carbonate with sarcosine at 
140-160° (Horbaczewski, Maly’s Jahresber. 
Tierchem. 1885, 15, 86). A quantitative yield is 
obtained by heating N -methylglycocyamine with 
an organic acid (G.P. 281051, from J.S.C.I. 1915, 
34, 637). 

By heating creatinine with silver nitrate and 
baryta in excess on the water-bath for about an 
hour a nearly quantitative yield of methyl- 
guanidine can be obtained (Ewins, Bioohem. J. 
1916, 10, 104). By oxidation with mercuric 
acetate it yields a-methylguanidinoglyoxylic 
acid (Bauman and Ingvaldsen, J. Biol. Chem. 
1918, 35, 277). 

Creatinine forms anhydrous monoclinic prisms 
soluble in 11-5 parts of water or 625 parts 
of absolute alcohol at 17° (Joppelius and Pom- 
merehne. Arch. Pharm. 1896, 234, 380), and 
separates on slow evaporation of dilute solutions 
in square plates containing 2H2O (Salkowski, 
Z. physiol. Chem. 1880, 4, 133). It is a weak 
base, displacing ammonia from its salts, and 
forming soluble salts with the mineral acids 
(Liebig, l.c.), the picrate C4H,ON3'C0H3OjN3, 
m.p. 212-213°, forms sparingly soluble yellow 
needles ; the acidpicrate C4H70N3'2C5H307N3 
has m.p. 161-166° (Mayerhofer, Wien. Klin. 
Woch. 1909, 22, 90) ; the fiavianale,^ solubility 
0-198, melts at 250° (decomp.) (Kossel and Gross, 
Z. physiol. Chem. 1924, 135, 168) ; the tartrate 
(C4H,ON3)2C4H0O8 decomposes at 207-209°; 
the oxalate (C4H,0N3)2-C2H204 is sparingly 
soluble in alcohol (Poulsson, Chem. Zentr. 1904, 
ii, 30). Creatinine forms characteristic double 
salts, with platinio chloride, 

(C 4 H 70 N 3 ,HCl) 2 -PtCl 4 , 
orange-red plates, m.p. 220-225° ; with 
auric chloride, C4H,ON3-HCI-AuCl3, yellow 
crystals, m.p. 170-174° ; with potassium 
picrate, C4H,ON3-C0H3O7N3-KC8H2O7N3, 
lemon-yeUow prisms, 100 parts of water ^ssolvo 
0-1806 part of the salt at 19-20°.; with zinc 
chloride, (C4H70N3)2-ZnCl2, almost insoluble 
in alcohol (Heintz, Jahresber. Chem. 1847, 48, 
883) ; with mercuric chloride, 

4(C4H5Hg0N3-HCI)-3HgCl2,2H20 

(Johnson, Proc. Roy. Soc. 1886, 43, 493). 

Creatinine is converted into creatine by the 
action of cold dilute ammonia or calcium 
hydroxide solutions ; or on treatment with 
iodine (Reichardt, Pharm. Ztg. 1911, 56, 922) ; 
boiling baryta solution converts it into ammonia 
and methyl hydantoin ; with alkaline oxidising 
agents it yields methylguanidine and oxalic acid, 
but is comparatively stable towards acid per- 
manganate solutions (Jolles, Ber. 1902, 35, 160). 

The presence of creatinine in dilute solution 
or in urine can be detected by (1) Weyl’s test 
(Ber. 1878, 11, 2175), which consists in the pro- 
duction of a ruby-red coloration, changing to 
yellow when, to a solution of creatinine, a few 
drops of 10% sodium nitro-prusside and the same 
quantity of 10% sodium hydroxide or car- 
bonate solution are added. On acidifying the 

* “ Pla-vianlc acid ” is the name applied by the authors 
to naphthol yeliow S, l-naphthof2 : 4-dlnitro-7-sui- 
phonic acid. 
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solution wltli acetic acid the colour is discharged, 
turning to green or blue on boiling due to the 
formation of Prussian blue {Salko^sld ; Cola- 1 
santi, Gazzetta, 1887, 17. 129). Goareschi 
(Ber. 1888, 21, Itef. 372) has shown that this 
reaction is given by com^iounds other than 
creatinine containing the — CO CHj — group. 
(2) Jaffe's test (Z. physiol. Chem. 1886, 10, 
3^) is the production of a deep-ied colour, 
when picnc acid and an excess of sodium 
hydroxide solution are added to the liquid 
containing the creatinine. It is now geneiaHy 
accepted that the red colour m Jaff^'a reaction 
is not due, as suggested by Chapman (CSiem, 
Ifews, 1909, 100, 175), to sodium salts of' 
picramic acid and dianunonitrophenol formed 
by reduction of the picric acid by the creatinme, 
as the red compound has been isolated and shown 
to bo a red tautomer of creatinine picrate 
although its structure is still under discussion 
(Greenvald, J. Biol. Chem 1924, 59, 601 ; 
1928, 80, 103 : 1930, 86, 333 ; Anatow and 
King,J.C.S 1929, 1210) 

Esltmaiion of Creatinine. — The older methods 
for the estimation of creatinine were based upon 
tho isolation of the hase in the form of its 
sparingly soluble double salt with m<‘rcunc or 
zinc chlonde, and cither weighing the precipitate 
or estimating the metal or the nitrogen in the 
compound (Neuhauer, Annalen, 1861, 119, 35; 
Bslkowski, Z physiol. Chem. 1836, 10, 113; 
Qrocco, Chem Zentr. 1887, 17, Kob'seb, t6id. 
1695, 1, 814, Ladd and Bottenfield, Amer. 
Chem, J 1898,20 860). Edlefsen (Chem. Zentr. 
1909, 1, lOS) recommends precipitating the 
sulphate m the presence of alcohol and ether, 
dissolving It in water, and titrating the solution 
with standard barium, hydroxide solution, u 
phcnolphthalein ns indicator. 

The method generally adopted for estimating 
creatinme in urine is Folin's colorimetric method, 
based on Jaffa's reaction (Z. physiol. Chem. 
1904. 41. 223; J. Biol. Chem. 1914, 17, 469). 
If creatine h also present in the urine the total 
ereaimtne is determmed after converting the 
creatine mto creatinme by heating with and. 
Subtraction of the preformed creatiiune, deter- 
mined separately, gives the creatme as creatm 
me. The conversion of creatme mto creatinme 
may be carried out by (1) boiling with a saturated 
solution of picnc acid, and this method must be 
used if glucose is present (Folm, I c.) ; (2) auto- 
claving with saturated picric acid (Folin, Ic.); 
or (3) boiling down to d^ness with hydro^onc 
acid in the presence of metallic lead (Benedict, 
J. Biol. Chem. 1914, 18, 191). It is important 
that pure picric acid should be used for the 
colonmetnc determmation of creatinine by any 
method involving Jaffo’s reaction (Folm and 
Doisy, fold. 1917, 28, 349). Ben^ct gives 
suitable methods for tho purification of picnc 
acid for this purpose (ibid. 1922, 54, 239; 
1929, 82,1). 

The presence of creatinine in blood still 
remains to bo established with certainty, 
wiulst there is a chromogenic substance whi^ 
can be estimated by Folm's method (Folin and 
Wu. tfrid. 1919, S8, 81) it is probably in the 
main not creatinme (Behre and Benedict, 
fold. 1922, 52, 11 : and see lelow). 


ilore recently a new colormietrio method Im 
been employed for the estimation of ereatinue 
in unne This consists in treating the rniDi 
with alcoholic 3:5 dirutrohenzoic acid and 6% 
sodium hydroxide. Creatine, glucose and ketones 
(in usual amounts) do not interfere. The appli- 
cation of the method to blood supports the ne* 
that the chromogenic substance is not creatinine 
(Benedict and Behre, t£>id. 1936, 114, SIJ; 
Langley and Evans, fold. 115, 333). ' 

An isomeride of creatinme, alacnatimne, 
/NH-CO 


^NHCHMe 

was prepared (Ber. 1873, 6, 1371), and other 
laomondes have been described by Komdarfef, 
Arch, Pharm. 1904, 242, 620 ; Schenck, 
fold. 1910, 248, 376; 1911, 249, 463; 
Schmidt, ibtd, 1910, 248, 668. Johiuon and 
Nicolet (J. Amer. Chem. Soc. 1916, 37, 2417) 
obtained two methylglycocyaniidines isomeno 
with creatmine by the action of methylanune 
on the ethyl ester of benzoylpseudoethylthio- 
bydantoic acid and debenzoylatmg. 

Two isomeric nt^rosoereaiintnes were obtained 
by Dessaienea (Annalen, 1856, 97, 341) and 
hf&rcker (totd 1865, 133, 305), by passing the 
nitrous fumes from the action of nitric aeid on 
arsemous oxidemto an acid solution of creatinine. 
The jess soluble a-ntlrosoerealinine, CiHfOaNt. 
decomposes at 210^, forming a colourless liquid 
that quickly solidifies to a brown mssa fcou 
which a now bast, can ho ez* 

tracted ; it forms a crystalline nitrate, hyin 
ekhnde and piaUntchloride, and yields tbs 
6romo-deriva<<ve CjH^O^N^Br. The more 
soluble ^■nilrosoereatimne, C(HjO|N|, melts st 
IPS” to a brown bquid and decomposes at 220*. 

According to Kramm (Chem. Zentr. 168S, i, 
37), the yellow colour formed by the interaction 
of sodium nitroprusside and sodium hydroxide 
on creatinine (c/. Weyl, Ber. 1878, It, 2175), is 
due to the formation of a nttrosocnatinm, 
C^HyOiNf, which can be isolated as a colourless 
crystalbne precipitate by adding acetio acid 
to the yellow alkahne solution and shaking 
vigoroumy. According to Schmidt and Hennig 
(Arch. Pharm. 1912, 230, 345) this is an oxime ; 
they find that on treatment with sodium mtnte 
in nitnc acid solution creatinine yields a mixture 
of methyl hydantoin oxime, m p. 193-194^ and 
creatiiune oxime, which begins to discolour it 
250” but does not melt. 

The following ocyl- and allcyl- derivatives rf 
creatinine have been prepared : Benzoylcrtali- 
nine, C]iHj,0,N., pale yellow needles, mp. 
187” (Urano, Beitr, Chem. Physiol. Path. 1907, 
9, 183) s mefoyf, dimethyl, and tTimethylcrealmsi 
and aalta (KomdOrfer, Arch. Pharm. 19(M, 242, 
641 ; Ivnnze, Arch. Pharm. 1910, 248, 678) 
llethylcreatizune 

.NMeCH, 

HN:CC J 

\NMeCO 

gives an aurichloride, m.p. 170-171”, sod 
dimetbylcreatinine gives an aurichloride, mp 
128-120”, and a platimchloride, m p. 177-179 . 
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According to Kunze the constitution of dimethyl- 
creatinine is 

.NMe • CHj 
MeN:C< | ; 

\NMe— CO 

it reacts as a tertiary base ; ethylcreaiinine 



'^NMe— CH2 

(Neuhauer, Annalen, 1861, 119, 50), sac Hen- 
zerling (Arch. Pharm. 1910, 248, 694 ; the 
plaltnicMoride ciystaUises in monoclinic plates, 
m.p. 197-211° ; ethylcreatinine hydriodide, m.p. 
217-219° ; diethylcreatinine platinicMoride 201 
-202°). 

Eor various other substituted derivatives of 
creatinine, see DuviUier (Compt. rend. 1882, 95, 
456 ; 1883, 96, 1583 ; 97, 1486 ; 1885, 100, 916 ; 
1886, 103, 211 ; 1887, 104, 1290) and Greenwald 
(J. Amer. Chem. Soc. 1925, 47, 1443). 

M. A. W. and W. V. T. 

CREOLINE. A coal tar disinfectant pre- 
pared from coal tar creosote, contains 45-60% 
neutral oils, 10-16% phenols, 30-40% rosin 
soap. 

C R EO S O L (4-hydroxy-3-methoxy-l-methyl- 
benzene) v. Cbeosote. 

CREOSOTAL (creosote carbonate) is a 
mixture of carbonates of the various phenols 
contained in creosote, chiefly creosol, guaiacol, 
and cresols. 

It may be prepared by heating creosote vith 
a benzene solution of phosgene under pressure, 
but is generally produced by passing a stream of 
phosgene into a solution of creosote in aqueous 
caustic soda. Creosotal separates as an oil and 
is washed with dilute caustic soda solution and 
then with water. It contains the equivalent of 
about 90% of creosote. 

Creosotal is a clear, colourless or yellowish, 
viscid liquid, insoluble in water but soluble in 
alcohol, ether, chloroform, benzene, etc. 
(Aufrecht, Pharm. Ztg. 1908, 53, 480). It is 
neutral, has little odour and only a slight 
taste of creosote. Crystals of guaiacol car- 
bonate may settle from samples after long 
standing or on freezing. Boiling with alcoholic 
caustic alkali gives creosote and alkali carbonate. 

It has to some extent replaced creosote in 
the treatment of pulmonary tuberculosis, 
bronchitis and pneumonia. 

CREOSOTE. Tars obtained by the 
destructive distillation of wood and of coal in 
retorts, coke ovens, or blast furnaces, when 
subjected to distillation yield fractions techni- 
cally knoivn as “ creosote,” and which find 
extensive and important uses in the industrial 
arts, the most important type being that derived 
from gas works or coke oven coal tar. 

The term “ kreosote ” was originally applied 
to the product obtained from wood tar. The 
increase in production and distillation of coal 
tar with the extension of the use of the creosote 
oil so obtained for the preservation of wood 
resulted in the terms creosote and creosote oil 
being used commercially as meaning the heavier 
distillates from gas works and coke oven tar, 
the oils from other tars being distinguished by a 


prefix to indicate their origin, as “ blast-furnace 
creosote.” In pharmacy the term creosote is 
stiU retained for wood creosote. 

Wood-tab Cbeosote. — The tar derived from 
the distillation of beechwood and other hard 
woods, when subjected to fr’rther distillation, 
yields certain fractions that are heavier than 
water. These are agitated with an aqueous solu- 
tion of caustic soda, which is then separated 
from insoluble oils, boiled with free access of air, 
in order to oxidise various impurities present 
and to distil off hydrocarbons, and then decom- 
posed with dilute sulphuric acid or carbon 
dioxide. The crude creosote which separates is 
again submitted to treatment 'with alkali and 
acid, and finally distilled, the fraction distilling 
between 200° and 230° being coUected separately. 

Wood-tar creosote, when freshly prepared, is a 
colourless, transparent liquid of an oily con- 
sistency, and which retains its fluidity at a very 
low temperature ; its sp.gr. varies from 1-037 to 
1-087 ; it distils betweerf 200-230°j and dissolves 
in about 200 parts of water ; its odour is strong 
and penetrating, resembling that of wood 
smoke ; it has a high refractive index (1-51) 
and burns with a luminous smoky flame. It is 
neutral or only faintly acid to litmus. It is 
powerfully antiseptic, but does not coagulate 
albumin ; is not so caustic as carbolic acid and 
relatively less poisonous. Wood creosote is 
essentiaUy a mixture of the ethers of the poly- 
hydrio phenols, chiefly guaiacol (o.methoxy 
phenol, b.p. 205°) and creosol (2-methoxy-4- 
methyl phenol, b.p. 221°) ; whilst phenol, 0 -, m- 
and p-cresols, o-ethyl-phenol and xylenols may 
be present in varying amoimts. The presence 
of the dimethyl ethers of pyrogallol (b.p. 262“) 
and of methyl-and propyl-pyrogallol (b.p. 
265° and 285°) has been identified in samples. 
Dimethylguaiacol (b.p. 230°) and propyl- 

guaiacol (b.p. 241°) are present in insignificant 
amounts. The latter is objectionable in the 
medicinal grade, since a single drop on the tongue 
causes bleeding ; its presence may be recognised 
by the blue coloration produced with baryta 
water. 

The percentage composition of heechwood and 
oak creosotes, freed from hydrocarbons, is given 
by Behai and Choay (Compt. rend. 1894, 119, 
166) as follows : 

Beech. Beech. Oak. 

Distillation temp. 

°C 200-220° 200-210° 200-210° 


Specific gravity 

1-085 

1-085 

1-088 

Jlono-phenols . 

39-0 

39-0 

55-0 

Guaiacol 

Creosols andhomo- 

19-7 

26-5 

14-0 

logues 

40-0 

32-1 

31-0 

Loss .... 

1-3 . 

2-4 

— 


Wood creosote is miscible in aU proportions 
with alcohol, ether, glacial acetic acid, benzene, 
carbon disulphide and light petroleum spirit. 
It dissolves in concentrated sulphuric acid to a 
red liquid, which slowly changes to purple- 
violet ; it is violently attacked by nitric acid, is 
soluble iaaqueous solutions of alkali hydroxides, 
and forms a crystalline compound w-ith potassium 
hydroxide, but not with sodium hydroxide. On 
the other hand, it is practically insoluble in 
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strong ammonia. Official in Brit. Pharm. 1032, oil) separated from the crystalline crude wthn 
ep gr. at 15 5® not below 1'070, commencing to cene. The crude anthracene was purified to 
distil at about 200®, and yielding not less than yield a high-grade anthracene and catba»ole 
95% between 200® and 230° j 2 c c. should require and the fluid oil was sold for the preserration 
10-18 c.c. i^-NaOH to produce a clearaolution, of timber by brush treatment (carWiwum * 
and the liquid should remain clear on dilution *n/ni). A fall in the demand for anthracene, 
with 60 c c. of water (Lmit of hydrocarbons, owing to the anthracene derivatives for the 
and of bases). Owing to the demand for guaiacol dyestuff's industry being more simply obtained 
for pharmaceutical purposes, much of the wood synthetically, coincided with a growmg difficulty 
creosote now sold is frequently found to have in obtaining anthracene of low paraffin (n. 
been deprived of partorthewhole of theguaiacol nonadecane) content from many modem types 
it contained. Methods for the determination of of tars, and at present in the United Km^om 
guaiacol in wood creosote are given by Bibal the anthracene oil fraction is frequently run 
and Choay (Compt. rend. 1893i 118, 197); direct to the creosote storage wells. 

Kebler (Amer. J. Pharm. 1899, 71, 409). Wood- Composition: So many vatying factors m 
tar creosote u distinguished from coal-tar fluence the composition of creosote oils that it 
phenols by its reaction with an ether-alcobol w impossible to give more than the following 
solution of nitrocellulose (equal parts), do general list of some of the more important 
coagulation bemg produced. compounds that have been found to be present m 

Wood creosote is used as an antiseptic and the oamples examined: Aydrocar&ona—napbtba- 
analgesic material (external), and intenially m lene, a and p raethylnaphthalcnea, 1 6-, 2,3 , 
the treatment of tuberculoam by preparations 2.6-, 2 7, dimethylnaphthalenea, anthtawue, 
such as creosote carbonate and the lactic acid and^ metbylanthracene, phenantbrene, diphenyl 
and valenamc esters Also employed in the and its methyl and dimethyl homologuei, ace 
preservation of mme timbers, in lignin removal naphthene, 4 S-ben 20 indane, fluorene together 
from jute fibre, and in ore flotation. Bube with varymg amounts of saturated and un 
(BP 257161) employs aq ethyl alcohol at saturated hydrocarbons of the aliphatic aenea, 

. f!0®C for extraction of phenols from wood tar oiygen eontainxng eompemndi — phenol homo. 
) The alcoholic extract of brown coal tar has been lognes, chiefly oresols and xylenols, a- and j? 
placed on the German market under the name naphlhol, diphenyleno oxide and its methyl 
/’reiof— this product has apgf. 1-01-I-04, derivative; nitrogen conUttniny compoundJ— 
viscosity at 20®C , 6-10® Engler, flash-point pyndine and its methyl and dimethyl homo 
100-110®, eonstitaeuts sol. m 38® Bd NaOH, togues, aniline and tolui^ne, quinohue and iro- 
60-90%, colour black. Oraefe (Q P. 232657) qumoline and tbcir methyl and dimethyl 
extracts with alcohol in a contmuous column homolo^es, a- and fl-naphthyUmine, sendiae, 
auparatus — against saving m chemicals over carb^ole, lodole and its methyl homologuei! 
older methods is to be placed a loss of only aulp&ur-containtnp compoundr^pheayltbio], 
0 3-0 5 parts alcohol on 100 parts of tar. ihionaphthtne, thiodiphenylene. The oua fiom 

CoAL-Tift Cbeosote. — ^T he creosote oils verticsj retort tars contain a higher pro- 
derived from coal tars (cf. Coat Tan) may be portion of aliphatic hydrocarbons than those 
divided into two main classes — Light creosote obtamed from horizontal retort and coke oven 
bemg the fraction distilling mainly between tan. and this is mdicated by the lower specific 
190® and 236®, and ordinary creosote oil. chiefly gravity of the close-cut fractions obtained by 
employed for timber preservation, and distilling redistiUation. 

mainly between 200® and 300® to 350®C. The Physical Properties: The latent heats of 
light creosote normally consists of the middle or evaporation of tar distillates hare been deter- 
carbolic oil fraction obtained in the primary mmed by Weiss (Ind. Eng. Cbem. 1022, 14, 
distillation ofthe tar, the ctTstallisable naphtha- 72) fraction 249-296°C., 146 B.Ei.U.'s per 
lene having been removed by cooling the oil to Ib.; 296-345®, 163; 345-392°C., 132; 392- 
atmospheno temperatures. If the oil has been 439^0., 117.' Bpecifio heat of tar distillate! 
treated for the recovery of phenols, the residual 0 34J;0I74 at 16-90®C. (International Cntirtl 
content of these compounds may bo 3-10%. Tables), 0 4 at 40®, 0 6 at 80®, 0 6 at 135'C 
If the od is to be employed for disinfectant and (Krebs, Gas- u. Waaserfach, 1930, 73, 821). 
sheep dip manufacture the cresol content may (^on£o value horizontal retort tar-od, sp gr. 
rise to 40% (so-called cresylio creosotes). TTie 1-049 at 20®C., 16,644 B.Th.U./Ib. gross, 15,863 
ordinary creosote contains the oils distiUmg from B.Th.U./lb. net; vertical retort tar-oil, ipgn 
the tar between the end of the carboho oil or 1-015 at 20®C., 16,640 B.Th.U./lb. gross, 15,772 
naphthalene od fractions and the pitch, and B.n.U./lh. net ; blast-furnace tar-od, sp ^ 
usually at the present time no individual com- 0903, 17,986 B.Tb.U /lb. gross, 17,286 BThU f 
ponent is removed. Improved methods of tar lb. net (Moore). The sample of horizontal retort 
distillation yielding close-cnt fractions have tar-od examined contained 14% phenols, water 
made possible the isolation of other pore pro- 0 6%, and gave on analysis carbon 89 7, hydro- 
ducts, and in Germany acenaphthene, a raw gen 7-4, oxygen -f nitrogen 2 25, sulphur 0 65%. 
material for the production of dyestuffs of the The vertic^ retort tar-od sample contained 28% 
thio-indigo senes, has been recovered from the tar acids, water 0 7%, and carbon 85 75, hydro- 
265-275° fraction, and indole from the 249- gen 7 92, oxygen-j-nitrogen 6-14, sulphur 049%- 
260° fraction (O.P. 223304). Formerly the Tlie gross calorific value of horizontal retort tar^ 
oil distilling between 300° and the end of the oil has been given as 9 900-60T cals , where T 
distillation was separately collected, coolod, is the percentage of phenols present. Co- 
and the clear oQ (filtered anthracene od or green efficient of expansion is 0 00076 per d^. C. 
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CoMMEECikL Uses and Geades. — Creosote 
finds its largest application in the preservative 
treatment of timber, especially railway sleepers, 
telegraph poles, and marine piling, against fungi, 
white ants, and marine borers respectively. The 
resistance to mechanical forces is also improved 
by creosoting. The largest consumer, the United 
States of America, uses annually upwards of 
100 million Imperial gallons, 180 million gallons 
being used in the peak year, 1929. In 1935 the 
U.S.A. production was 90 million gallons ; 
in 1936 34 milli on gallons were imported, of 
which 20 million gallons came from the United 
Kingdom. Formerly the U.S.A. absorbed 60% 
of the British production, but from 1929 the 
British export figure to U.S.A. fell owing to the 
increased American production, and reached a 
minimum at 9 million gaUons in 1932. No 
official figures for the United Kingdom are 
available, but the production of creosote oils of 
all grades for the year 1935 and 1936 is estimated 
at 80 and 85 million gallons respectively, the use 
figure for timber treatment at 12-14 million 
gallons per annum, and the total export figures 
for 1935 and 1936 are 23J^ and 36^ million g^ons 
respectively. 

For estate timber, fluid creosotes may be 
applied by brush or spray, or the posts, etc., may 
be immersed in the oil at IfiO^F. contained in 
open tanks, and allowed to cool while still 
immersed. The more effective method is to 
' ^PPly the creosote oU under pressure, steel 
cylinders 76 to 105 ft. in length by about 7 ft. 
in diameter being employed. In the Bethell 
“ full-cell ” process, the timber is subjected 
to a vacuum of 22 inches for 30 minutes, and the 
oil at a temperature of 180-210°P. is then 
introduced without 'breaking the vacuum until 
the cylinder is fuU. The pressure is then raised to 
100 to 2001b. per sq. in., and when absorption is 
complete the surplus oil is run off and a vacuum 
may be applied for 16 minutes (Lowrie modifica- 
tion). Green timber may bo conditioned by a 
preliminary heating for 24 hours in the oil under 
vacuum, maximum temperature 200°F., to 
remove the surplus water (Boulton process). In 
the Rueping “empty-cell” process the timber is 
subjected to an initial pressure of 10 to 60 lb. per 
sq. in., and the oil is then introduced into the 
cylinder, the pressure being maintained con- 
stant. The pressure is then raised to 80 to 
120 lb. per sq. in. to give maximum injection. 
The amount held in the timber is then reduced to 
the required figure by expansion of the air 
initially introduced and by the application of a 
high vacuum for a short period. Absorpt-on 
figures are of the order of 15 to 20 lb. per cu. ft. 
and retention 7 to 10 lb. per cu. ft. In he 
Card process, zinc chloride and creosote .re 
employed, typical absorption figures being t lb. 
zinc chloride and 3 lb. of creosote per cu. ft. 

The quantity of oil absorbed depends upon the 
species, growth and size of the timber, the 
creosoting process employed, and the admissible 
cost. Penetration of the oil may be assisted by 
incising, that is, by making a number of small 
cuts over the surface of the timber parallel to the 
grain and about J in. deep by 1 in. long. The 
usual figures lie between 6 and 20 Ib. per cu. ft. 
The life of the timber is raised from 3 to 6 years 
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to 25 years and upwards, dependent upon the 
conditions of employment, such as climate, 
location, mechanical stresses, etc. 

The desirable properties in a creosote oil are 
toxicity, permanency and power of penetration 
and waterproofing. Considerable laboratory 
work on the relative toxicity of the constituents 
and fractions of coal tar creosote has not led to 
conclusive results. The more important 
standard specifications are as follows : B.S.. 
144/1936, Type A, calls for an oil sp.gr. 1-010- 
1-065; completely liquid on warming to 38°C., 
and on cooling remaining completely fluid after 
standing 2 hours at 32°0. ; water content not 
more than 3% ; yielding on distillation to 205°C. 
maximum 6%, to 230®C. maximum 40%, to 315°C. 
maximum 78 w/w%, residue above 316° soft 
and not sticky; phenols 5-16% ; matter insoluble 
in benzole maximum 0-4%. Tjqje A2 admits an 
oil of sp.gr.j® 0-995-1-065, the other clause 
being as before, except that no maximum is 
specified for the phenol content and the 
maximum allowable distillate at 315° is 85%. 
Type B covers creosote from coal-tar made in 
Scotland, the details being as for Type A2. 
Creosote from low temperature tar is admitted 
under type A2, with a minimum specific gravity 

0- 935, and blast furnace creosote under type B 
with similar limits. Creosote required for brush 
application should be fluid on cooling and stand 
ing at 16-5°C. for 2 hours. For the distillation 
test a standard side arm flask and thermometer 
graduated for 100 mm. immersion are employed. 
The American Railroad Engineers Specification 
for No. 1 grade oil is sp.gr.jj.j not less than 

1- 03; water maximum 3% ; matter insoluble in 
benzole maximum 0-5% ; distillate on a water- 
free basis up to 210° maximum 6%, to 235° 
maximum 25%; coke residue maximum 2%. 
The distillation test uncorrected for barometric 
pressure is performed in a special standard 
flask, a total immersion thermometer being 
employed. The American Railroad Engineers 
Association oil in general meets the continental 
specifications, except that in Scandinavia and 
Germany the maximum distillate to 235° is 
limited to 20%, and a phenol clause is included 
(Scandinavia, 3-8%). 

Commercial oils are sometimes diluted with 
oil-gas tar and its distillates, or with mineral 
oils ; these mixtures have a lower conservation 
value. In America coal-tar creosote solutions 
are employed, of which at least 80% is a distillate 
from coal-gas or coke-oven tar, and the remainder 
refined or filtered coke-oven tar. The standard 
American Wood-Preservers Association specifica- 
tion is sp.gr.jj.j 1-05-1-12 ; water maximum 3% ; 
distillate on a water-free basis to 210° maximum 
5%, to 235° maximum 25% ; matter insoluble in 
benzole maximum 2% ; coke residue maximum 
6%. Literature . — Proceedings of British and of 
American Wood-Preservers Associations. 

CarboUneum is a fluid, high-boiling, tar-oil, 
distilling maximum 10% at 250°C; sp.gr. at 
20° 1-08-1-11; phenols maximum 10%; water 
maxfrmun 1%. 

The A.R.E.A. Specification for anthracene oil 
covers an oil of sp.gr.^j.j 1-09-1-13; distilling 
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Dot laore than 1‘5% to 235°, 16 6% to 300°, 
46% to 355°; •water maximum 0 5%; coke 
residue maximum 2%. 

Other outlets for creosote oil are : 

Distnfectants and Sheep Dips. — An oil suitable 
for disinfectant manufacture should have spgr. 
0 95-1 00 and distil mainly between 200° and 
300°. The oil should be free from crystalLsable 
naphthalene at 5°C., and the tar acid content 
(mainly cresola) will vary with the type of pro- 
duct required. Oils yielding pink emulsions are 
not favoured for sheep dips. 

Fuel Otljor Fvrnace Work, particularly tn the 
metallurgical and glass industries, is fed through 
atomising burners operated by compressed air, 
and should normally have ipecifie gravity not ' 
exceeding 1 07 at 38°C ; water content not ex- 
ceeding 1 0% ; flash point not below 160“F. 
{c/.BS 603/1033). 

The above oil may require steam heated 
storage and pipe lines, which serve not only to 
prevent separation of naphthalene or anthracene, 
but also to lower the viscosity and improve 
atomisation in the burner Alternatively, the 
creosote may be mixed with oil gas tar, de 
hydrated coal-tars, or with petroleum fuel oib 
In blending with oils of specific gravity below 
umty, the specific gravity of the mixture 
requires careful attention to avoid mixtures of 
unit specific gravity. Owing to the high 
carbon and low hydr^en content, tbe beat lost 
in flue gases » low. Tho ctoss calorific value is 
of the order of 16,600 BTb.U. per lb. The 
removalofphenols from tar-oils raises the calonfio 
value by about 36 D.Tb.U. per lb. for each 
1% removed On tbe Continent a mixture of 
S6% tar oU and 20% pitch has been employed, 
specification being flash point (Pensky-Martin) 
minimum 75°C. (open) j viscosity maximum 
8° Engler at 20°: no deposit at 8°C. for 2 hours; 
free carbon maximum 4% j calorific value 8,600 
g -cal minimum. 

Spark Ignition Engine Fvtl. — Considerable 
attention has been directed to this potential 
market. Creosote oil can bo used a ith a greater 
thermal eflicicncy than petrol, but preheating of 
the oil entering the cylmder is necessary, 
and the employment of a volatile hydrocarbon 
fuel is necessary for starting up the engine, and 
for use when idling. Advance has been made in 
the design of suitable dual carburettors, but the 
results have not fulfilled expectations (Inst. 
Gas Eng. Report, 1931) The creosote oil should 
bo free from cryetallisablo naphthalene at the 
prevailing atmospheric temperatures, should 
distil almost wholly below 265°C , the water 
content should not exceed 0 60%; pbcnols 
maximum 10% ; and the coke value (Conradson 
test] should not exceed 0 1%. An alternative 
fuel IS obtained by admixture of tho creosote oil 
with up to 20% of crude benzole or solvent 
naphtha. These fuels have a high antiknock 
value and are suitable for engmes of high 
compression ratio, but crank case dilution is 
high and plug gumming troubles are difficult to 
overcome. 

Compression Ignition Engine Fusl— Creosote 
oils were used during the penod 19I4-1918intliis 
country and in Germany for largo stationary 
Diesel engines. In 1029 the German consamp- 


tioD still amounted to 16,(X>0 tons. Creosote o3 
has a high spontaneous ignition temperatnn 
(44<M90° in oxygen) and modifications m 
engine design are necessary to ensure satisfactoiy 
running. Improved nozzles and flame plates to 
give fine atomisation have led to success 7he 
compression should not be less than 480 Ib. per 
sq. in . the fuel admission must be advanced and 
pilot jet Ignition employing a petroleum dwtdiato 
normally 2 to 4% ol the total fuel at full load, !i 
used. Although sbght modification to slow- 
speed Diesel engines may overcome difficulty of 
high ignition temperature, this property, together 
with long igmtion delay of tar fuel oils, reoden 
them unsuitable for employment in the modem 
high-speed engme of the Diesel type. It has been 
shown that the phenols are partly responsible for 
the high igiution temperatures, but Uetr 
removal does not reduce the igmtion tempera 
tore to & figure comparable with that of the 
petroleum Diesel oils. Blending with shale oOs, 
paraffin oils, and synthetic oils (Gluckaof, 
1930, 29, 697) has given promising results, sod 
the cetene number of creosote oils has been 
raised from about IS to a satisfactory figure of 
the order of 45 by the addition of 30% and 
upwards of these oils. Experimental work 
employing added pnmers, substances of lov 
spontaneous ignition point such as trmitro 
resorcinol, methyl nitrate, hydrazine pereblorite, 
nitroxyl ethylene chlorbydnn, etc., has not yet 

g elded useful results, partly due to cost (e/ 
•P. 436027, 461320; GP. 574678, 612073) 
Successful results are claimed by the employ- 
ment of an insulated catalyst contact mass 
(thonum oxide or platinum on asbestos wool 
or vanadium pentoxide supported on silica get) 
built into the pre-eombustion chamber of the 
engine in tbe path of tbe atomised oil. It 
has been shown that tar-oils which girs s 
Moore igmtion temperature in oxygen of 440- 
470° give ignition temperatures of^lOS-lSO" 
in the presence of platmum on asbestos, the 
normal figure for American gas oil bemg 24S°C. 
(GlUckauf, 1032, 68, 980). DevelopmenU in 
design, including better atomisation and in- 
creased temperature of fuel either within or 
prior to tho combustion chamber, may produce 
an engine that is less fuel-sensitive. A suitable 
oil mdy have the following characteristics : fluid 
at prevailing atmospheric temperatures, water 
below 1%, and preferably 0 5% or lower; 
distillation test minimum 60% at 300°C.5 
matter insoluble in xylol maximum 0 2% 5 coke 
residue (Conradson test) maximum 3 0%i 
ash maximum 0 02% ; flash point minimoo 
65°C.; viscosity maximum 3° Engler at 20 C. 
Some users specify maximum phenols content 
10%, maximum sulphur content 0 6%, and 
chlorine maximum 0 02%. 

Bemoie Wash Oil to be employed for the 
recovery of benzole from town and coke oxra 
gas should have spgr. at 15‘C., 1-O1-1035; 
distillation test nU at 200-210°C.. not ^ 
than 70% at 300'C. ; phenols normally ^ 
but It is generally agreed the lower tbe better; 
water maximum 1%. The crystallisable mo 
tent of naphthalene is usually specified as nu oc 
coobng the oil to 65°F., or may be Inmted to 
7% on coohng to 45°F. the fraction distillicg w 
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300°C. Krebs (Gas- u. Wasserfaoh, 1930, 73, 
824) gives distillation test nil at 200°C., 90% 
beloTV 300°, the distillation curve to be as nearly 
linear as possible. The presence of anthracene is 
undesirable. Viscosity of fresh oil is 1-5° 
Engler at 20°C., the spent oils have a viscosity 
of 8° and upwards. For data on absorptive 
capacity of oils, see “ Motor Benzole ” (Hoffert 
and Claxton). 

Hydrogenation . — ^By treatment at elevated 
temperatures (440-500°C.) and in presence of 
hydrogen under high pressure (200-265 atmos.) 
the rate of reaction being accelerated by 
catalysts (molybdenum sulphide, or oxide, zinc 
oxide, and magnesium oxide on active carbon or 
silica gel), creosote from high and low tempera- 
ture tars undergoes hydrogenation- cracking to 
yield lower boiling spirits of increased hydrogen- 
carbon ratio. Crude low temperature tar may 
also be used as raw material. Tar-oUs of 
appropriate distillation range (i.e. not distilling 
above 300-325°) may be treated directly in the 
vapour phase, hut tars need pre limin ary treat- 
ment in the liquid phase and are fed to the 
plant with the coal where this is being treated. 
The BiUingham plant, which started operations 
January, 1935, is stated to have been designed 
to handle annually 10,000 tons low temperature 
tar, 40,000 tons coal tar creosote, 100,000 tons 
coal. The following figures are given by King 
and Cawley (J. Inst. Petroleum Tech. 1936, 22, 
601): 



Creosote. 

tow temp, 
tar. 

Low temp, 
tar oil. 

Petroleum. 
Diesel oil. 

Gasoline 

produced. 

Carbon % 

87-0 

82-0 

82-0 

86-0 

85-7 

Disposable hy- 
drogen % 

6-7 

6-9 

7-9 

12-2 

14-3 

Mol. ratio . 

0-92 

1-01 

1-17 

1-7 

2-0 


Yields of gasoline on complete conversion are 
of the order of 80 to 90% by weight or just over 
100% by volume. The octane value and other 
properties of the spirit depend upon the operat- 
ing conditions ; for further information, see 
Gordon (J. Inst. Fuel, 1935, 9, 69), King 
ibid. 1936, 9, 323), Smith (Engineer, 1936, 161, 
619, 659). 

Flotation processes for the concentration of 
certain minerals, particularly sulphide ores, are 
important and widely used. A mixture claimed 
to give good results is pine oil 10%, coal-tar 
creosote 80%, coal tar 10% — ^the quantity of 
flotation oil employed is l-3'5% by weight of the 
mineral treated. The content of phenols in the 
grade used should be kept constant. 

Grease Making . — Attempts have been made 
to employ the oils distilling above 300°C., 
freed from crj'stalline matter and having a 
viscosity 2-3-5° Engler at 60°C. as a home 
source of lubricating oils, A tendency to resinify 
and a high rate of viscosity change with tempera- 
tiro are serious disadvantages (Bruhn, Stahl u. 
Eisen, 1919, 39, 402, 469; Broche, Gliickauf, 
1932, 68, 965). These oils have been employed 


as a sealing oil in waterless gasholders. They 
are also employed in the production of axle 
greases, the oil being mixed with slaked lime and 
rosin oil. 

Brick Oil. — ^A heavy fluid creosote of sp.gr. 
1-06-1-08 at 60°F. 

• Lamp (Flame) Black is manufactured by 
partial combustion of the oil in a limited air 
supply. The yield is according to the carbon 
content of the oil and the design of the burner 
and condensing plant ; normally the figure for a 
mixture of naphthalene and anthracene oils is 
60 to 70%. Coarse and fine grades are obtained 
by fractional separation in the chambers through 
which the gases pass. 

Low Temperatuee Tab Creosote. — ^These 
oils are obtained from tars produced by car- 
bonising bituminous coking coals at tempera- 
tures below 600°C. The hydrocarbons present 
are more closely related to petroleum (paraffin 
and naphthene series) than to the gas-tar oil 
hydrocarbons, being of low specific gravity, 
naphthalene in recoverable quantities being 
absent, and the higher boiling fractions contain 
paraffin wax. The unwashed oil contains a high 
percentage of phenolic bodies (cresols and higher 
homologues) and of other bodies soluble in 
aq. N aO H . For fuller information on constitu- 
tion, see G. T. Morgan (J.S.C.I. 1928, 47, 131T) 
and Fuel Research Dept, papers. 

Low temperature tars may be directly 
hydrogenated to yield an equal volume of motor 
spirit or the tar may be submitted to distillation 
and refining processes to yield fractions suitable 
for employment as Diesel engine fuels, furnace 
fuel oils, timber-preserving oils, or for manu- 
facture of disinfectants. Typical analyses of 
oils from Coalite process low temperature tar 
(see Bristow, J. Inst. Petroleum Tech. 1936, 22, 
583) are : 

Diesel Oil. — ^A fraction distilling mainly 
between 200° and 300°C. which has been care- 
fully washed and redistilled, and to which 2% 
of primer has been added, sp.gr. 0-916 at 60°F.; 
closed flash-point (Pensky-Martin) 166°F. ; 
viscosity (Redwood No. 1) at 100°F. 31 seconds ; 
coke 0-08% ; cold test at 0°F. fluid ; total sulphur 
0-91%; spontaneous ignition temperature in 
oxygen 255°C. phenols nil ; caloriflc value gross 
18,450, nett 17,269 B.Th.U. per lb. 

Fael Oil. — (a) Sp.gr. 0-983 at 60°F. ; water 
0’3%, ; open flash-point (Pensky-Martin) 212°F. ; 
fire-point (Pensky-Martin) 255°P. ; viscosity 
(Redwood No. 1) at 70°F. 81 seconds, 100°F. 
50 seconds ; initial and final boiling-points 
respectively 207° and 400°C. (91-5%); crude 
phenols 2-5% ; calorific value 18,275 B.Th.U. 
per lb. ; sulphur 0-78%. 

(6) jUi unwashed grade has sp.gr. 1-0085 at 
60°F.; closed flash-point (Pensky-Martin) 186°F.; 
viscosity (Redwood No. 1) at 60°F. 53-5 
seconds; distillate to 300°C. 72%; crude phenols 
50%; calorific value 16,848 B.Th.U. per lb.; 
sulphur 0-70%. 

Timber-Preserving Oil. — ^A fraction to comply 
with B.S. 144/1936, has been placed on the 
market and detailed investigations of the wood 
preserving properties of this oil are being 
made. A type analysis is sp.gr. 38°C. 0-995; 
distillate to 205° 1-8, to 230° 18-3, to 315° 
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65 3%; phenoU and compounds soluble in »q. 
NaOH mdjstillateto3I5'C..46%. 

Oil Jor Dtsinftclant Manvfaeture. — Spgr. 
0 9T8; phenols, etc, soluble m aq. NaOH, 
44% ; distils mainly ^twcen 180® and 330®C. 

Blast Ftovace Creosote resembles a low 
temperature tar, the specific gravity of th« 
hydrocarbons being low, andLttle or no naphtha* 
lene being present ; the proportion of phenols 
» high 125-35%). The phenols consist of 
cresola and higher homologues, and creosol and 
other derivatives of dihydroiy phenols are 
present, and the Tniature has a high Bcnracidal 
valae. The product has a strong characteristic 
odour, resembling that of wood creosote. 
Formerly produced in large quantities m 
Scotland, it was employed for disinfectant 
manufacture and for creosoting timber A 
washed oil used for benzole recovery bad sp gr 
0 96 j phenols 3 to 6% ; distiUation test, 
start 220®, 50^4 at 275®. and 70 to 75% at 
300®C. ; ep heat 0 42 to 0 44 cal /g /®C H. Moore 
quotes the following analysis: spgr** 0 903, 
diatdlation start 185®, 20% 200?*. 82% 225“ 
Calorific value gross 17,980, nett 17,280 B Tb U 
per lb ; viscosity (Redwood) 6 7 at 70®P , 
phenols 23%, ultimate aualjsis, C 82 6, 
H 0 9, 04- N 7 23, S 0 28% Production has 
now practicall> ceased, metallurgical coke now 
replacing coal for reduction purposes. 

Water Gas TaR Creosote is c^racterised 
by the absence of phenols It is usually neb in 
paraffins, is of low specific gravity, and may 
contain naphthalene and anthracene. 

F. if. P 

CRESATIN , m cresvl acetate 

CRESOL, C,H,(Crt3)OH. Thethreoiso- 
merie cresols exist m coal tar (Uilliamson and 
Fairlie, Annalen, 1854, 92, 319. Ible, J. pr. 
Chem. [ii], 14, 442 , Tiemann and Scbolten. Ber. 
1878, 11, 707, 783) in approximately the foUow* 
ing ratio; orMocresoI, 3S to 40 , metocresol, 40 ; 
and parocresol, 25 ''Tiie crude carMtc aetd 
obtained by washing the light oil and carbolic 
oil fractions from the primary distillation of coal 
tar (c/. Coal Tab, Cabbouc Acid) with aq 
NaOH and decomposing the carbobto so ob- 
tained with CO,, contains phenol m association 
with the three cresols and xj lends On frac. 
tionation in a itiU heated by steam coils operated 
under vacuum and fitted with a highly efficient 
column, there are obtamed a phenol fraction — 
an intermediate fraction which on ending 
yields further crude phenol and a liquid of high 
orMocresol content— a crude orlAocttsol— a 
second intermediate fraction containing a mix- 
ture of the isomcnc crcsols — and finally a crude 
me/a para fraction. 

The two fractions of high orlAoeresoI content 
are lefractionated, yielding technical o ctesol, 
which is further purified by fractional crystalhsa 
tion. The crude nwto para fraction is fraction 
ally reilistiUed to yield a proiluct containing at 
least 50% wetacresol (<■/ C’RrsvLic Acn>) or if 
the isomers are to be sep.xrated, s process 
impossible by distillation, a close-cut fraction 
containing 58 to 60% mela-, 42 to 4054 P*ra 
creso) 13 collected and treated by one ol the 
foUowuig methods. 


The general method is based on the separatwa 
of the corresponding sulphonic acids. The meta 
para mixture is heated to 100® with four tuaej 
Its weight of cone. H^SO, or the muxtute u 
treated without external heating with three 
times its weight of fuming sulphuric acid {20'’t 
SO,). Sufficient water is added to tha charjt 
to reduce the boiling-point on the passage #f 
superheated steam to 116-120®. The «eJa 
ccesol sulphonate hydrolyses and tn creed 
distils over. Thepara-acid is finally decomposed 
by superheated steam at 140® (Raschig, Bp 
25269/1899, G.P. 114975; Briickner, Z. anew 
Chem. 1928, 41, 1043, 1062) Altemstiiely, 
Baschig proposed to separate the sulphonic acidi 
by taking advantage of the higher solubility of the 
vt creaol derivative in sulphuric acid, the poro- 
cresol sulphonic acid being allowed to crystal 
lise out by prolonged etandins, the iwla 
cresol sulphonic acid being obtained from 
the mother liquors (B P.18334/1899), or a soluble 
sodium salt such as the sulphate, maybe added 
in sufficient quantity to form the sodium salt of 
p cresol sulphonic acid, which crystalhses out 
The separated sulphonic acids are hydrolysed 
by steam. If msufficient HjSO, is used, the 
IN cresol 13 preferentially attached, and the 
unconverted p-cresol can be extracted by bee 
zone (Hofniann-Larocbe, F P. 434534, ef eleo 
Temsse, G P. 281054) Scbulke and Msyr 
(G P. 268780) effect preferential lulphonation 
of the m-eresol by employment of H,SO, of 
80 to 00% strength, and obtain a product 
contaming 90^4 ”»• 10% p cKioI, which is 

further purified by reaulpnonation with In 
sufficiency of acid or by freezing (Eiger, U S P. 
1015616). In O.P. 14S703. sodium hydrogen 
sulphate is employed as the agent preferestisUy 
sulphonatiDg m cresol. 

It has also been suggested to separate toe 
mela- andpara-cresols by means of their barium 
salts <G.P. 53307, 1S2652), or their calwum 
salts (G P. 162652). 

Rutgers (GP. 137584, 141431) treats the 
mixture of isomcta with anhydrous oxalic acid 
or an anhydrous acid oxalate at 100®C. By this 
means the oxalic ester of p. cresol alone » 
formed and separates out ; it is filtered off and 
decomposed by water into p-eresol and oxalic 
acid , the m-cresol is obtamed from the mother 
liquors According to Datxens (Gompt. rend 
1931, 192, 1657 j B P. 107061) the p cresol foroi 
complexes that are true addition compounds of 
I moL cresol -with 1 and 2 mols. respectively of 
oxxlic acid, formed without elimination of 
water. Parsens separates in cresol by_ mean* 
of the complex formed by the corobiuatiou ®* » 
mols m-cresol with 5 mols. anhydrous sooiuffl 
acetate in the presence of an organic solr*"'- 
The complex is separated, washed, and decom 
posed with water. _ . 

Schenng-Kahlbaum A G. (B.P. 297083) effect 
separation by means of the urea addition wm- 
pound of w cresol. Desseigne (M^in. Poudrw. 
193-4-35, 26, 134-157) dissolves M to 1-5 moU 
urea per mol vt cresol in the 60:40 
mixture at a temperature not exceeding 
adds petrol (b p. 120-160®) with sgitatioo, mo 
cools to obtain the m cresol compound whic^ 
eeparated and decomposed by water at 5Cr . 
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yield of jn-cresol is given as 83% and the pure 
paro-compound is obtained from the residues by 
means of the oxalic acid compound (see also 
Bentley and Catlow, B.P. 374010). 

orthoCieBol (2-hydroxytoluene) forms colour- 
less crystals or a -white crystalline mass which 
discolours on ejiposure to light, crystalllising- 
point 30-45° (Dawson and Mountford, J.C.S. 
1918, 113, 925) ; 30'75° (Bridgman Physical 
Rev. 1914, [2J, 3, 184) ; boiling-point at 760 
mm.- lOl^C., 600 mm. 182°, 400 mm. 168°, 
163 mm. 140°, 76 mm. 120°, 49 mm. 110°, 
(Bruckner, Z. anal. Chem. 1928, 75 , 289) ; 

1'0465,,^4J 1-0290 ; soluble to 3-0 vol. per 
cent, in wal6r at 40° ; conductivity 0-127 X 10~® 
at 25°; ''1^372; specific heat 0-20°, 

0-499. Forms dibromo- and dinitro-derivatives. 
At low temperatures yields additive compounds 
-with pyridine and naphthalene. Standard 
commercial grade has crystaUising-point 30-3- 
31-0° (B.S. 522, 1938). 

meiaCiesol (3-hydroxytoluene) is normally a 
colourless, hygroscopic liquid when fresh, 
becoming slightly brown on keeping; crystal- 
lising-point 11-8° (Darzens, Compt. rend. 1931, 
192, 1657) ; boiling-point 760 mm. 202°, 
600 mm. 193°, 305 mm. 170°, 110 mm. 140°, 
48 mm. 120°, 19 mm. 100° (Darzens, ibid.) 
df 1-0336, 1-0184; soluble to 2-5 vol. per 

cent, in water at40°C. ; conductivity 1-397 x 
10-« at 25°*; nJJ’ 1-6332, 1-6352; specific 

heat 0-20°, 0-479; mol. heat of evaporation 
10,860 cal. Forms tribromo- and trinitro- 
derivatives. Standard commercial grade has 
sp.gr.Jj!' 1-037-1-040; erystaUising-poinl not 
lower than 10-5° (B.S. 522, 1938). 

paroCresol (4-hydroxytoluene) forms hygro'- 
scopic colourless prismatic crystals which dis- 
colour on keeping ; crystallising-point 36-0° 
(Fox and Barker, J.S.C.I. 1918, 37, 268T) ; 
boiling-point at 760 mm. 202-3°, 500 mm. 187°, 
217 mm. 160°, 106 mm. 140°, 47 mm. 120°; 
d'^J 1-0347, dll I'OISO; soluble to 2-3 vol. per 
cent, in water at 40°C. ; 1-5319 (Gibbs, J. 

Amer. Chem. Soc. 1927, 49, 839). ' Forms di- 
bromo- and dinitro-derivatives. At low tem- 
peratures yields additive compounds w-ith 
pyri^e and naphthalene. Standard com- 
mercial grade has crystallising-point not lower 
than 34° (B.S. 522, 1938). 

For analytical methods, see Cresylic Acid. 

Employment — The main market demand for 
the cresols is for mixtures of the isomers of 
controlled composition particularly with respect 
to the content of the ortho- or mcta-cresols, or 
for the general mixture sold as cresylic acid 
(?.r.). There is, however, a growing demand for 
the pure isomers as raw materials for the pro- 
duction of derivatives required by the organic 
chemical industry. Some of the more im- 
portant uses are as follows : o-cresol is used 
to a limited and unimportant extent in the 
dyestuffs industry, the ammonium and potassium 
salts of dinitro-o cresol were previously employed 
under the name “Victoria Yellow”; p-nitro- 
o-chlor-o-cresol is a basic material for the 
production of sulphur dyes and o-cresotinic acid 


is employed in manufacture of cotton and azo 
dyes. The use of the potassium salt of dinitfo- 

0- cresol as an ingredient of plant washes has 
been patented ; o-cresyl phosphate is a start- 
ing material for coumarin (Agfa, G.P. 246871, 
F. Raschig, G.P. 223684), and finds increasing 
employment as a plasticiser and fire retarder for 
nitro cellulose and celluloid. The resin from 
pure o-cresol and formaldehyde is odourless and 
has been patented as a shellac substitute. 

Trinitro-m-cresol (cresylite) has been employed 
as an explosive. m-Cresol is the starting-point 
for Musk Ambrette and for synthetic thymol. 

p-Cresyl methyl ether is employed in per- 
fumery in the preparation of synthetic ylang- 
ylang oil (Schimmel A.-G., G.P. 142859, also 
Perf. & Essent. OU Rec. 1923, 14, 398), and 
the amino-derivative of this compound in the 
production of azo dyes. Another important 
derivative of p-cresol is anisic acid. 

Under controlled oxidising conditions (copper 
oxide and caustic soda) the cresols yield the 
corresponding hydroxybenzoio acids and by the 
action of carbon dioxide on the sodium salts 
the cresotinic acids (q.v.) are formed. 

In general, the toxicity decreases and the 
germicidal value of the phenol homologues 
increases as the alkyl group increases in com- 
plexity (Coulthard, Marshall and Pyman, 
J.C.S. 1930, 280). The phenol coefficient 
of the cresols is 2-2±0-2. A number of deriva- 
tives of »n-cresol of high germicidal value have 
been prepared, e.g. amyl-m-cresol, phenol co- 
efficient 200-300 ; 5-chloro-m-oresol, phenol 
coefficient in aqueous solution 133, in soap solu- 
tion 24, in caustic soda solution 8 (Ilapps, 
J.S.C.1. 1933, 52, 175T). 

F. M. P. 

CRESOL COMPOUNDS IN PER- 
FUMERY. A number of cresol compounds 
have recently come into vogue as synthetic 
perfume materials. Of these the following are 
the most important : parucresyl methyl ether, 
CjH^-OMe, has a well-defined odour of wall- 
flowers with a definite suggestion of ylang-ylang ; 
sp.gr. 0-978; b.p.‘ 177°; ref. ind. 1-5123. 

The butyl ether is similar, but has a different 
“nuance.” The phenyl ether, C^H^-OPh, has 
a very powerful odour of the hyacinth-rose 
type, it has the following characters ; sp.gr. 
about 1-063, ref. ind. 1-5720. p-Cresyl acetate, 
CgH^Me-OAc, is a synthetic perfume having a 
very penetrating odour of narcissus, and is used 
in many perfumes of the lily, lilao and honey- 
suckle types, it has sp.gr. 1-055, ref. ind. 

1- 6025, b.p. 209°. p-Cresyl phenylacetate, 
CgH5-CH2COO-C7H7, is used to a considerable 
extent as a narcissus perfume. It is a crystalline 
substance melting at 75°. 

E. J. P. 

CRESOTIC ACID. The ten isomeric 
hydroxy-toluio acids (empirical formula, 
CsHgO 3) are sometimes called cresotic acids, a 
term which indicates their relationship with the 
cresols. In American terminology the name is 
applicable to aU ten isomers, e.g. 4:3-oresotio 
acid is 4-hydroxy-3-methyl-benzoic acid. In 
the German system of nomenclature the name 
“ Kxesotinsaure ” is restricted to the following 
three compounds, which are obtainable from o-. 
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«•, and p-cresol reapectively by the action ofi 
carbon dioxide, Bometimea under pressure in the 
presence of allcali (the Kolbe eynthesis) : ^ 
ortAoCresotio acid, or 2 hydroxy-m-to!nic add, 
mp. IBS' 


Me 

n°” 

I Jcoo 


{For manufacture, eee O.P. 138563, 824318.) 

ffieiaCresotio acid, or 3 hydroxy-yi-toJuio acid, 
m.p. I?!’: 


Q-" 


COOH 

paraCresotio acid, or 4-hjdroxy‘m-toliuc acid, 
m.p. 150“ : 

Me 


(For manufacture, <ee G.P 138563) 

They are homolo^es of salicylic acid which | 
they resemble la general properties. Some 
denvatires have been reported to have medi* . 
emal ralue. I 

CRE80TINIC ACID V. Cbesotio Acid. 
CRESYt ETHER (dieruyl o»de), 
(CfH|)tO. There are three forme, o, *n, and p. I 
The dj-ortbO' compound bods at 275^ and u . 
need in the preparation of artificial geranium I 
perfume, I 

CRESYLIC ACID. The mixture of non* I 
crystalluable, higher boiling phenols obtained in I 
the manufacture of catholic acid (f.v.) from OO’a I 
carbolic acid is, after re^tiUatlon, knovm com* I 
mercially as cresyhc acid or liquid carbobc aad. I 
When a good market demand exists, the creosote I 
oU fractions distdlmg after the carbolic otll 
fraction {v. Coal. Tan) may also be washed with I 
caustio soda aolution for the tecoTeiy of the' 
phenol contents. (For rccoTery processes from I 
ammoniacal Lqnor, see CasBOUo Acid). The I 
product is a dear liquid Tatying in colour from j 
white to dark reddish or yellowish-brown, and I 
containing 65 to 100% phenols accordiog tol 
grade, the chief impurities being neutral oils' 
(naphthalene and methylnaphtbalene), pyridine I 
bases, and water. The normal refin^ product I 
consists nbslantially of ciesols and/or xylenols, ' 
and may contain phenol in relatiTCly small 
amounts. Formerly cresylio acid coniamed o-, 
fn-,andp*cresolsin the proportions they occuired 
in the carbobc oil, i e. 35:40:25, but the develop* 
meat of the synthetic resin (phenols formalde- 
hyde) industry has led to a demand for prodncta ' 
of closely standardised ortho- Md/ot meia- 
cresol content, with the result that ordinary, 
crcsylic acid may vary somewhat widely in 
composition. Thespecificgravitymaybowithm 
the uinits 1-030 and 1-050, and the distiDatioii : 
range may lie within the limits 100° and 220^ 
The acid shculd be sweet smelling, cofltain not 


more than traces of sulphuretted hydrogen, aad 
react neutral to moistened litmus paper. Thj 
“British Pharmacopceia ” 1932 quality hu 
spgr.JJj 1-035-1-050; on distillation not 
than 2% passes over below 188° and not Ie« 
than 80% distils between 195° and 205°. The 
hydrocarbon content is below 0 6%, baeei 
calculated as CgHjN below 01%, residue ca 
evaporation below 0 1%. The acid is almoet 
completely aoluble in 60 parts of water, the 
solution having a pungent taste, and freely ia 
alcohol (90%), ether, chloroform, Lghl 
petroleum, glycerine, and in fixed and volatile 
oils. The purer grades dissolve in dilute cauetio 
soda to give a clear solution or one from vbich 
only a few flakes of naphthalene separate on 
standing. B.SS. 615, 1938, recognises £re 
grades, the purest grade containing not mon 
than 0 5% impuntiea (water, pyndine bases, 
and neut'al oils), and the lowest grade up to 6% 
impurities, of which not more than 2 5% ms; 
be neutral oils. The standard cresyhc acid of 
high metacreaol content is a colourless to pale 
straw hquid and has spgr. 1 036-1 OiO, 
iRctacresoI content 60-55%, water contest 
below 0'S%, neutral oils and bases each separately 
below 0-1% aud distds 92% between 199° and 
204°C. (f/. B.S. 621, 1938, and German and 
Japanese Pharmacopceias). The corresponding 
ptMuct of high orthoctesol content contains sot 
less than 45% orfAocrrsol, has ip gr.|2j 
I'045-I 050, distils sot less than 90% between 
192° and 200°, and conforms to the iapnnty 
limits quoted above for the high meiaereiol 
product (e/. aUo Cbzsols) . 

Cresyhc acid is highly poisonous. Tbs ubeaol 
coefficient as deten^ed by the Bideal-Walker 
method lies between the Limts 2 and 6, depend, 
log upon the proportion of higher phenoli 
present. Cresyhc acid from low tempefsture 
tan and some vertical tars tends to gives pmh 
solution in alkalis, and a number of metuodi 
have been patented for overcoming this du- 
advantage (B.P. 397847, U.S.P. 1822842). 

IfetAoos of Analt/M . — The cresols sod 
homologues may bo identified by means of the 
corresponding aryloxyacetio acids formed hr 
heating the sodium salt of the phenol v^th 

chloracetic acid (Fischer, Gea.Abh.Kennt.Kohie, 

1917,2, 236 ; Bruckner, Z. angew.Cbem. 1928.41. 
1043, 1062). A method based on the fractionsl 
hydrolysis by steam of the sulphonie acid denrs- 
tives may also be employed. The phenol mix 
turo is well shaken with an equal part of 1 W 
HjS 04 and then heated to 103° _ ^ 

hours to convert the o sulphonie acida into the 
p acids which are more stable at higher tempera 
tores. The unconverted phenols are ile»® 
distilled at 103“ to 104° and finally the temper^ 
turo is raised to the hydrolysing 
m cresol being Lberated at 116-119°, 
at 123-126°, and o- and p-cresols at 133-*« • 
These last are separated by conversion into w* 
cresoxy-acetic acids, the sodium salt of the art^ 
isomende being the more soluble in 
Wehuizen (Rev. trav. chira. 1918, 87i 276) »n 
Steinkopf and Hopner (J. pr. Chem. 1»2. 
[u], 113, 137) employ the crystaHIne pbeoji- 
urethanes to characterise the phenols. 
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or/AoCresol is quantitatively determined by 
the method of Potter and WiUiams (J.S.C.I. 
1932, 51, 59), which is based on the property of 
o-cresol of forming a crystalline compound 
of definite crystallising point with cineole. A 
mixture of 8-40 g. of the dry sample, which must 
contain more than 30% orthocresdl, and 12-0 g. 


pure cineole is prepared and the approximate 
crystallising point determined. The mixture is 
then warmed to a temperature approximately 
5°C. above the crystallising point untU aU but 
the last traces of crystal are melted, and the 
crystallising point determined by the usual 
method. The percentage of o-cresol is ascer- 
tained by reference to the following table, which 
is based on the use of cineole of crystallising 
point l-fi^C. : 

Crystallising point of o-cresol 
o-Cresol In sample. cineole complex. 

% “C. 

100 66-4 

90 63-0 

80 49-6 

70 45-8 

60 41-5 

60 36-7 

40 31-0 


Precautions are necessary to ensure absence of 
water. 

If the preliminary test shows that the o-cresol 
content is lower than 30%, the test is repeated 
using a mixture of equal parts of the sample and 
of pure o-oresol. The cineole and the sample 
tested ntust be quite dry. The test gives reUable 
results in the presence of phenol, m-, p-cresols 
end xylenols (J.S.C.I. 1938, 57, 212). 

melaCresol is determined quantitatively by the 
method of Raschig (Z. angew. Chem. 1900, 13, 
769) which depends upon the formation of the 
trinitro derivative when m-cresol is treated 
at boiling temperature with nitric acid in excess, 
while the o- and jj-cresols under these conditions 
are completely oxidised to oxalic acid. The 
sample should not contain more than 1% of 
water, 5% of phenol or 10% of xylenols. The 
m-cresoI content should bo between 45 and 80% ; 
10 g. of the sample are weighed into a 60 c.c. 
flask and mixed with 15 c.c. 96% sulphuric acid. 
•After being heated for an hour at 95-100'’, 
the contents are poured into a wide-necked 
litre flask and rapidly cooled under the tap 
with a circular motion to spread the compound 
over the sides of the flask. 90 c.c. of dilute 
nitric acid (sp.gr. l-38-l'40) are taken in a 
cylinder and employed in small quantities to 
rinse the sulphonic acid from the small flask 
into the litre flask. The flask is then shaken at 
arms’ length in a fume cupboard until the 
sulphonic acid is completely dissolved. Gentle 
agitation by s\virling is continued until the re- 
action commences as shown by the copious 
evolution of brown fumes. The flask is allowed 
to stand for 20 minutes on a plate of insulating 
material and the contents are then poured into a 
porcelain dish containing 40 c.c. water, the flask 
being thoroughly rinsed out, using in all 40 c.c. 
water. The dish and its contents are allowed to 
stand 2 hours ; the solid mass of tiinitro-Tn- 
cresol is then reduced by means of a pestle to a 
coarse powder and transferred completely to a 


tared Gooch crucible. Eor tbe transference of 
the remainder of the solid and the washing of the 
powder, a total of 100 c.c. water delivered from a 
fine jet wash bottle is employed. The crucible 
and contents are dried to constant weight at 
95“ to 100“C. Under these condition 1 g. of 
m-cresol yields 1'75 g. of trinitro-wi-cresol. The 
powder should remam solid at the temperature 
of drying indicating freedom from excess 
xylenols ; otherwise the test should be repeated 
with the addition of a known weight of pure 
m-cresol to the original sample. The general 
conditions and, in particular, the quantity of 
nitric acid, must be strictly adhered to in order 
to prevent the development of dangerous 
conditions (see “ Standard Methods for Testing 
Tar and its Products,” 2nd ed.). 

Phenol in cresylio acid is determined by 
Chapin’s method (Ind. Eng. Chem. 1920, 
12, 771), which is based on the fact that 
formaldehyde quantitatively bleaches the colour 
developed by treating phenol with Slillon’s re- 
agent (an aqueous solution of neutralised mercury 
nitrate), whereas the colour developed by higher 
phenols with the reagent remains unchanged. 
See also qualitative and quantitative tests given 
in article on C-iBBomc Acid. 

Uses. — ^The total production of cresylic acid 
in 1935 in Great Britain was of the order of 
6 million gallons, of which about 35% was 
exported. The U.S.A. take a special grade which 
on distillation yields not more than 6% phenols 
at 190° and not more than 75% at 216“C. ; this 
grade is admitted duty free, the British export 
figure to U.S.A. in 1935 being 789,168 gallons. 
Chile takes 300,000 gallons cresyh'o acid for 
employment in the froth flotation process for the 
concentration of minerals. 

The main home markets are for : 

1. Synthetic resins of the phenol-formalde- 
hyde type — the demand is mainly for a product 
of m-cresol content standardised within ±li% 
of an agreed figure, normally l 3 dng between 60 
and 58%. Cresylio acid is employed in place of 
phenol by reason of lower cost, consistent with 
good electrical and chemical resistance of the 
resin. or/hoCresol tends to retard, whilst 
me/acresol assists resin formation. 

2. Disinfectants. — This market absorbed 
456,000 gallons in 1934. This figure includes 
the acid used for Ij/sol, emulsifying disinfectants, 
which give a milky emulsion with water, and 
which are employed as sheep dips, veterinaiy 
fluids, or for household disinfectants, soaps, 
and disinfectant powders. 

3. Froth flotation of minerals. 

4. Synthetic tannins, tricresyl phosphate (a 
lacquer and varnish plasticiser and fire retarder 
for nitrocellulose), methyl cyclo-hexanol (solvent, 
plasticiser, and wetting agent for textiles), 
explosives. 

5. Inhibitors in production of motor fuels 
(high ortAocontent preferred). 

6. Lubricating oil refining by solvent methods 
(Chem. Met. Eng. 1935, 42, 246 ; Oil and Gas J. 
1935, 33, (46), 86 ; 33, (51), 16). 

7. Pure oresols for manufacture of derivatives 
required by the dyestuffs and perfumery 
industries. 


F. M. P. 
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CRESYLITE. An explosive eonsistmg 
mainly of 2.4 G'tnnitrome/acresol wUch 
been used in Franco for filling projectiles A 
mixture of this explosive with 40% of picnc 
acid made by melting the two components under 
water has also been used for the same purpose 
under the name of Cresybte 60/40 or Creaylite 
No. 2. 

Manufoiture — Trmitrocresol can be xnann 
factored by a sinular process to that used for 
picric acid. In order to obtain a high yield it is 
necessary that the cregol used should consist 
essentiaUy of the meta modification, since the 
other isomers arc large!) destrojed during the 
nitration process w ith considerable loss of nitnc 
acid. 

According to Wride (Arms and Explosives, 
1920, 28, 47) 28 kg. of crcsol are mixed with 
120 kg ofsulphunc acid (92%) in a sulpbona 
tor and stirred fur one hour, the niixture 
attaining a temperature of about 60"C The 
sulphonated creaol is then run into a nitrating 
pot similar to that used for picnc aod, con- 
taining 98 kg. of Chili nitrate and 170 kg 
of nitric acid (38%) The whole of the eulpho- 
nated cresol is added m 4 hours. During the 
first quarter of an hour air agitation is employed ' 
to ensure complete mixing of the matenals. 
At the end of the 4 hours air is again blown 
in for half an hour, after which about 80 litres 
of cold water are carefully added, air agitation 
still being used After standing for about 
8 hours, too mother liquid is removed and the 
explosive washed and dried 

Field.— Theorotically, 100 parts of cresol 
ahould Yield 233 parts of trmitrocresol, but 
by the above process tbo maximum yield is about 
1 W% of the Taw material 

ProperUei —Commercial trinitrocresol is a 
yellow substance cooatstuig chie&y of tnutro 
me/aeresol with a small percentage of other 
Isomers. It la considerably less soluble than 
picrio acid in water, 1 part of the explosive 
dissolving In 450 parts of water at 20*C., but is 
readily soluble in alcohol and ether. 

Pure 2:4. fi-trmitrocresol melts at 109 S^C., 
but tho melting.pomt of the commercial product 
is about I00°C. It has an acid reaction and 
forms salts analogous to the picratee. The 
trinitrocresylites. however, are not so sensitive 
to shock as the picrates 

Trimtrocreeol la somewhat less effective than 
picnc acid as an explosive andieqvnresapower- 
ful initiatory impulse to cause complete 
detonation. 

According to Kast, aqueous suspensions of 
the explosive dissolve appreciable quantities of 
metals such as lead, iron, zinc and copper, but 
have no appreciable action on aluminium 

ir. s 

CRISALBINE (May and Daker). Gold, 
sodium thiosulphate, used in the troatmmit of 
pulmonary tnbcrculosis. I 

CRISTOBAHTE. A native form of silica | 
(SIO,) crystalliaing in the cubic system (pseudo' 
cubic). It was first recognised by G. vom Rath 
in 1886 as regular octabedra up to 2 mm. 
across, associate with tndymite, \n cavitws in 
andesite from the Cerro de San Cnstdbal, nearj 
Fachuca in Mexico, It has since been founding 


volcanic rocks in the Rhe^h district. Central 
France and California, and in certain meteontes 
The sulk.whjte, translucent crystals are twinned 
and exhibit optical anomahes ; these disappear 
suddenly at a temperature Of 176®, the crystals 
being then truly cubic; on coohng, the bi. 
refringence reappears. Sp.gr. 2 34, haidneea 
6-7, refractive index 149, birefringence 0 0003. 

Quartz when heated passes into j5 tridymite 
at 870^, and this m turn passes into ^ cristobalite 
(or metaenstobalite, the cubic, optically isotropic 
modification) at 1470®. On cooling, the laUet 
passes into the bireiringent o-enstobaLte at 
180-270®. The refractive index of this artificial 
cri8tobabt“ is about 1-4S4, being sLghtly higher 
than that of tndymita (1-477); m p. 1710®. 
Cubic crystals of silica have also been obtamed 
artificially by heating an aqueous solution of 
colloidal silica with bydrofluoboric acid at 200® 
under a pressure of 26 atmospheres. Cnsto- 
balite has also been detected in silica-bricks. 

L. J. S. 

CRITH . The weight of a litre of hydrogen 
at 0® and 760 mm. pressure— viz. 0 0898 g. 

CROCEIN ACID, 2 naphthol S.sulphonic 
acid. Used in making croceine scarlet and other 
dyea. 

CROCETJN and CROCIN. Crocetmand 
crociQ are carotenoid components of saffron 
(Crocu* talttms). They are related in that 
crocm (I, Rsgentiobioso residue), the major 
component of the saffron pigment, is tbs di* 
gentiobiose ester of thedicarboxyhc acid croeetln 
(I, R^H) (Karrer and Miki, Helv. C^m, Acta, 
1929, 12, 985, Karrer and Salomon, i&id, 1933, 
rt, 643). 

CH CH.CMe CH.CH-CHiCMe CO»R 
<!h CH CMe CH.CH-CH.CMe COiR 
I. 

Crocm, C44H,40,4 , u readily soluble m hot 
water but practically insoluble in alcohol or 
ether. On acid hydrolysis it gives crocctm and 
glucose, whilst with alcoholic ammonia the di. 
carboxybe acid is formed together with gentio- 
biose. Crocm is extremely sensitive to dilute 
aqueous potassium hydroxide giving a quantita- 
tive yield of crocetm (as potassium salt) With 
aqueous methyl alcdbobc aTkali, 'however, an 
extraordinarily facile esterification of the croce- 
tin occurs with formation of the mono- end di- 
methyl esters 

Croeetln, C2pH{404. is insoluble in water 
and in most organic solvents with tho exception 
of pyridme, from which it separates m red 
coloured leaves, m p. 275-276°, which exhibit 
absorption maxima at 463 and 434 5 mji m 
chloroform ; tho potassium and sodium salts 
are yellow in colour. , 

Crocetm monomethyl ester, m p. 216 , 
separates as reddish-yellow plates from chloro- 
form-methyl alcohol. Two stereoisomeno di- 
methyl esters of crocctm are known, the bbue 
eu isomer, m.p. 141®, being converted into the 
stable irons- form, m.p. 242°, on ciposi^ W 
light. Tho latter aeparatea from chloromm- 
methyl alcohol m orange-red plates and exhibits 
optical maxima at 463 and 434 6 mji m chloro- 
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form. On thermal degradation it yields 2:6- 
dimethylnaphthalene, tolnene, m-xylene 
together with the dimethyl ester of l:4:8-tri- 
methyloctatetraene l:8-dicarhoxylio acid (II), 
which is formed by the remarkable transforma- 
tion illustrated below : 

CH-CH=i^MeCH:CHCH:CMeCOjMe 

l!:H-CH:CMeCH^FCH-CH:CMeCOjlVIe 



CIVIeCH:CHCH:CMeCOjMe 

ilH-CH:CMe-COjMe 

n. 

The Structure of Crocetin. — ^Titration with 
alkali shows that crocetin is a dicarboxyhc acid ; 
on catalytic hydrogenation, crocetin dimethyl 
ester absorbs tbe equivalent of 7 mols. of hydro- 
gen (Karrer and Salomon, Helv. Chim. Acta, 
1927, 10, 397 ; 1928, 11, 513), from which it 
follows that crocetin is acyclic. 

Since oxidation with chromic acid proves the 
presence of 4 extracyclic methyl groups, the 
7 ethylenio linkages must be disposed between 
14 carbon atoms. On this evidence a satisfac- 
tory formulation (I) for crocetin was advanced. 


This structure, and especially the location of 
the methyl group side chains, has been con- 
firmed by the synthesis of perhydrocrocetin 
(Karrer, Benz and StoU, Helv. Chim. Acta, 
1933, 16, 297). 

Again the degradation of perhydrocrocetin to 
the diketone, (III) : 

HOjCCHMe— X— CHMeCOaH 

Br; KOH 

H02CCMe(H0)XCMe(0H)C02H 
MeMgl I on acid chloride 
HOMe2CCMe(OH)XCMe(OH)CMe2-OH 

I Pb(OAc)« 

MeCO— X— CO-Me 
III. 

and the synthesis of this diketone (6:ll-dimethyl- 
hexadecane-2:16-dione) (Karrer and Lee, Helv. 
Chim. Acta, 1934, 17, 645) afford a further 
confirmation of the correctness of the structure 
allocated to crocetin : 


Et0,CCH2CHMeCH2C02Et 


Na; EtOH 


OHCH,CH.-CHMeCH,CH»-OH 


Na; EtI 


EtOCH,-CH„CHMeCH 2 -CH,-OH 


PBrj; Na 


CH2(0Et)-CH2-CHMe[CH2]i-CHMe-CH2'CH20Et 


HBr; CHNafCOjEOj 

(hydrol) 

McZnl on 


H02C-[CH2]3-CHMe-[CH2]i-CHMe[CH2VC02H 


acid chloride 


MeCO-[CH2VCHMe[CH2VCHIVIe-[CH2]3-CO-Me 

m. 


In addition to crocin, crocetin, carotene, 
lycopene, and zeaxanthin, saffron also contains a 
colourless glycoside, picrocrocin (IV), the 
presence of which led Kuhn and Winterstoin 
(Ber. 1934, 67, [B], 344) to suggest that crocetin 
is evolved by a phyto-chemical oxidation of a 
xanthophyll according to the following scheme : 


CHCH:CMe-CH:CH-CH;CMe-CH:CHR 

(!!H-CH:CMe-CH:CH-CH;CMe-CH:CH-R 
Xanthophyll glycoside. 

- 1 - 

CH-CH:CMc.CH:CH-CH:CMe-C02H 
[I +2R'CHO 

CH-CH:CMeCH;CH-CH:CMo-C02H 
Crocetin. 


CMe, 


— C 


CH, 


R= 


IV. 


McC CHOGI 


CH, 


I, M, H. and P. S. S. 


CROCIDOLITE. {Get. Krokydolith.) A 
mineral of the soda-ampbibole group, consisting 
of sodium and iron (ferric and ferrous) silicate, 
NaFe'"(Si 03 ) 2 -Fe"Si 03 . It is known only in 
a finely fibrous form, its name, in fact, being from 
KpoKvs, KpoKvSos, wool. In the trade it is 
known as blue asbestos, and it is worked for the 
same purposes as the other varieties of asbestos 
ig.v.). It is, however, more readily fusible (to 
a black magnetic glass) than are tremolite- 
asbestos and serpentine-asbestos. The mineral 
has been long known from the Asbestos Moun- 
tains near the Orange River in Griqualand West, 
South Africa, where it occurs abundantly as 
veins, 1 or 2 inches in thickness, in jasper- 
schists. The closely aggregated parallel fibres 
are arranged perpendicularly or nearly so to the 
walls of the veins ; and the material is extracted 
as slabs. It is now extensively mined for 
commercial purposes (A. L. Hall, Asbestos in the 
Union of South Africa, Mem. Geol. Survey South 
Africa, 2nd ed., 1930, no. 12 ; M. A. Peacock, 
Amer. Min. 1928, 13, 241). 

Being an alkali silicate with ferrous iron, 
crocidolite is especially liable to decomposition 
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vhen exposed to weathensg ; sodium is n- 
moved, and the iron oxidised and hydrated to 
form lunonite, vhiie the silica is set {^. There 
then results a ferruginous quartz possessing the 
finely fibrous structure of the origmal mineral ; 
or, in other wortis, a pseudomorph of quartz 
and limomte after crocidolite. This material is 
coloured a rich golden yeUov, and displays a 
silky lustre, and being at the same time very 
hard, it is weli adapted for ornamental purposes. 
When cut and pobshcd with a convex surface, it 
displays a cat's eye effect, and it is extensively 
used for making Imobs, umbrella handles, beads, 
etc. Such material is known as Itger's eye, 
though, unfortunately, in the ti^de the name 
crocidolite is very frequently misapplied to it. 
The name pseudo-eroetdolUe would be more 
appropriate. In some stones there has been 
sihcification without oxidation, and the indigo 
blue colour of the original croddohte has been 
preserved : material of this kmd is known as 
hatpL'e eye. The stones are sometimes stained 
artificially with dyes. See alto Asbestos. 

L. J. S 

CROCIN V. CnocETTK 

CROCOtTE or CROCOISITE. Lead 
chromate, PbCrO^, crystalhsing in the mono* 
clime system. The name was onginaliy given in 
the French form crocoise by F. S. Beudant in 
1832, from Kpiicoe, saffron , this was later changed 
to cTOeoisite, and afterward to the more correct 
form crocoite This mineral is the only chromate 
of any importance found in nature, and in it the 
element chromium was discovered. It is found 
usually as crystals which are bright hyacinth* 
red in colour with a brilliant lustre; the streak 
is orange yellow. On exposure to bght the 
crystals soon detenorate in translucency and 
brilLanoy. Spgr. 6 0, hardness 2^. Crocoite 
is a mineral of secondary origin in veins of lead 
ore and is often associated with gold. It is found 
at Beresorsk in the Urals (where it waa dis* 
covered in 1766), Congonhas do Campo near 
Ouro Pieto in Brazil, Luzon in the Philippmcs, 
Umtali in Rhodesia, and as very fine crystals 
at Dundas in Tasmania. The mmeral has been 
used as a pigment, being identical in composition 
with the artificial product chrome yellow. 

L. J. S 

CROCUS OF ANTIMONY t>. AwTtMONr 

OXYSULPIUDE. 

CRONSTEDTITE, H,Fe/Fe;"SI,0„. a 
variety of thuringite, 

CROOKESITE, Asclenide of copper, thal- 
lium (Tl 16-18%) and silver forming compact 
masses with lead-grey colour and metaUic lustre 
Sp gr. 6 9, hardness 2|-3. It occurs embended 
in calcite in the Sk^erum mine, Sm&land, 
Sweden. Although a rare mineral, it is of 
interest in being one of the few minerals contain- 
ing thalhum in considerable quantity. It was 
named in 1866 m honour of Sir Wilham Crookes 
11832-1919), the discoverer of thallium. 

L. J. B. 

CROPS. The composition ofciops is usually 
expressed in terms of a conventioim senes of 
analyses, which, though they do not necessanly 
pick out sharply any particular plant con- 
stituent, are widely used for comparative 


purposes. Jlany crops are grown directly or 
mdireetly as feed for livestock. Virtcally 
all the quantitative information on digestibility 
and nutritive values is based on the sane 
analyses, which are also used in the proper 
balancing of rations. For such practical par- 
poses the figures are sufficiently precise and are 
unlikely to bo supplanted by any other system. 
For research purposes, however, the use of this 
system of analyses is unwise, as misleading results 
are apt to be obtamed. The analyses commonly 
camra out are as follow {see Ministry of Agri- 
culture, Fertilisers and Feeding Stuffs Reguia- 
tiODs, 1933, Xo. 658). 

1. Dry Matter . — A weighed quantity of the 
sample is dried at 100°. 

2. Et^er^s6lub{e Substance (expressed often as 
crude fat or oil). — The material is treated in a 
Sovhlet extractor with ethei or light petroleum 
for 3*4 hours, and if necessary dried, ground 
finely with sand, and re extracted for a further 
period of 1 hour. The solvent u evaporated 
and the oil dried at 100°. 

3. Crude Protein (total lutrogenxfi 25).— 
Total nitrogen is determined by some ipodjfica- 
tion of the Kjeldahl method. 

4. Crude Fibre — About 2 g of the dry 
material, previously extracted with hght 
petroleum, is placed in a conical litre fiask, 200 
ml. of hot 1 25% sulphuric acid is added and 
brought to tbs boil within 1 minute Boiling 
IS continued gently for exactly 30 minutei, the 
ongmal volume being maintained and the flask 
being rotated every few minutes The contents 
of the flask are then poured into hot water in a 
Buchner funnel in which a filter paper is 
supported by a piece of cotton cloth filtcation 
must be effected within 10 minutes. The 
residue is washed free from acid with hot water, 
and washed back into the conical flask with 
200 ml. of hot i'25% sodium hydroxide. The 
coDtents of the flask are again boded gently for 
30 mmutes and filtered tl^ugh filter paper or 
cloth. The residue is washed thoroughly with 
hot water and ddute acid, and agam with water 
till free from acid It may then bo transferred 
to an Bshless filter paper after further washing 
with alcohol and ether, and dried to constant 
weight. The ash may be determined by in- 
cioeretioR and deducted from the weight of the 
fibre This correction is often omitted. 

6. AaA. — The ash content is determined by 
incineration at a dull red heat preferably in a 
muffle furnace. 

The sum of the analyses, ash, crude fibre, 
crude protein, and ether-soluble constituents 
IS commonly far from 100, and the difference 
18 accotdmgly taken and described as " soluble 
carbohydrates " or “ nitrogen-free extractives." 
This fraction frequently amounts to 60% or 
more of the material. A partition of the nitro- 
genous constituents is sometimes introduced, 

“ true protein " or “ pure protein ” being that 
fraction precipitated by a protein precipitant 
such as copper acetate or metaphosphono acid. 
The difference between crude protem and 
tree protein is sometimes expressed as 

amides.’* 

Analyses of some of the principal crops, other 
'than cereals (j c.), grown in Great Britain are 
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given in Table I. It should be emphasised I according to age, variety, season, and soil 
that the composition may vary considerably | conditions. 

Table I. 


Proximate CoMPosmon or Crops.* 


Crop. 





Dry 

matter. 

Ether- 

soluble. 

Crude 

protein. 

Crude 

fibre. 

Soluble 

carbo- 

hydrates. 

Ash. 

Root Crops — 






■1 



21-0 

1-1 

Potatoes .... 





25-0 


2-1 

0-7 

Mangolds 





12-5 


1-3 

1-0 

8-9 

1-1 

Sugar beet . 





23-4 

B m 

1-1 

1-1 

20-4 

0-7 

Swedes .... 





12-2 

B m 

1-6 

1-3 

8-2 

0-9 

Turnips .... 





9-2 

Ba 

1-2 

1-1 

5-9 

0-8 

Carrots .... 





13-2 

0-3 

1-2 

1-5 

9-2 

1-0 

Parsnips .... 





15-0 

0-3 

1-3 

1-2 

11-3 

0-9 

Potato haulms . 





230 

I-O 

2-5 

6-2 

10-2 

3-1 

Mangold leaves . 





11-0 

0-4 

2-4 

1-6 

4-6 

2-0 

Sugar beet tops . 





16-2 

0-5 

2-0 

1-6 

8-7 

3-4 

Turnip leaves 





11-6 

0-5 

2-2 

1-5 


2*1 

Legumes — 









6-9 

2-1 

Clover (green) 





18-5 

0-8 

4-4 

4-3 

Lucerne (green) . 





24-0 

0-4 

4-1 

7-2 

9-9 

2-4 

Sainfoin (green) . . 





20-0 

0-6 

3-5 

6-9 

7-8 

1-2 

Tares (green) . 





17-5 

0-5 

3-2 

6-1 


1-5 

Pield beans (grain) . 





86-5 

1-7 

26-3 

8-1 

48-3 

3-1 

Field beans (straw) . 





81-6 

1-1 

8-1 

36-0 

31-0 

6-4 

Field peas (grain) 





86-1 

1-9 

23-1 

6-7 

52-7 

2-7 

Field peas (straw) . 





88-3 

1-6 

9-0 

35-5 

33-7 

6-6 

Soya beans (grain) . 





89-2 

16-9 

33-9 

4-8 

28-9 

4-7 

Soya hay . . . 





91-6 

3-8 

15'8 

24-3 

38-8 

8-9 

Clover hay . . 





83-5 

2-9 

13-5 

24-0 

37-1 

6-0 

Lucerne hay . 





83-5 

2-6 

14-2 

29-6 

29-2 

8-0 

Sainfoin hay . . . 





83-6 

2-6 

13-2 

28-0 

32-5 


Oilier Crops — 









8-4 

H 

Kale, thousand-head 




. 

15-8 

0-4 

2-2 

31 

Kale, marrow-stem . 





14-0 

0-5 

2-2 

2-6 

6-9 


Mustard .... 





14-9 

0-4 

2-9 

2-9 



Cabbage .... 

■ 


• 

• 

11-0 

0-4 

1-5 

2-0 



Crosses — 

Rye grass (perennial) 





24-8 

0-7 

2-9 

7-1 

11-5 

2-6 

Pasture grass 





20-0 

1-1 

6-3 

2-6 

8-9 

2-1 

Meadow hay . 





85-7 

2-6 

9-7 

26-3 

41-0 

6-2 

Meadow hay (aftermath) 



• 

85-2 

3-4 

11-5 

22-5 

39-3 

8-5 


* Some analyses have been taken from " Batlons for Livestock,” Min. of Agric. Bulk 48. 


This system of analysis is more satisfactory 
when applied to root crops than to mature 
materials such as hay. The carbohydrate con- 
stituents appear in the two groups “ crude 
fibre ” and “ soluble carbohydrates,” the latter 
consisting of any non-nitrogenous material which 
is soluble in or hydrolysed by hot 1'25% alkali 
and acid. The crude fibre residue is composed 
almost exclusively of cellulose, but even so only 
represents 70-80% of the cellulose of the tissue. 
It may be accompanied by a small but variable 
proportion of the lignin. The major part of the 
lignin passes into solution in the hot dilute 
alkali and is therefore included as a “ soluble 
carbohydrate.” For this reason analyses of a 
maturing material do not reveal the extent of the 
changes imdergone on lignification, since the 
“ crude fibre ” figure only increases in proper- 1 


tion to the increase in ceUulose, and contains no 
estimate of the h'gnin which may so profoundly 
aifeot digestibility. While the “ soluble carbo- 
hydrate ” fraction of root crops and starchy 
grains is more or less accurately so described, 
that of maturer materials is misleading in that it 
includes lignin and polyuronide hemicelluloses 
which are structural constituents associated with 
the “ fibre.” 

The nitrogenous constituents commonly 
expressed as crude protein are not all in that 
condition, and frequently only 6(1-80% may be 
precipitated by protein precipitants. The 
remainder may occur in a number of simpler 
forms such as peptones, amino-acids, amides, 
and even nitrate in small amounts. Asparagine 
has been found in a number of plants and is 
believed to play an important part in meta- 
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bolism. The magnitude of the error caused by 
calculation of the total nitrogen as crude protein 
is not great. 

Root Cbops — ^The chief differences betsreen 
the various roots are in the nature and pro- 
portions of the carbohydrate reserves stored 
therein. In potatoes the characteristic carbo- 
hydrate is, of course, starch, vhich is deposited 
in the cells as granules vith a banded structure. 
Approximations to the starch content of potatoes 
may be made from the specific gravity of the 
tuber. The amount usually stated to be present 
is in the neighbourhood of 20% of the fresh 
weight, though direct determinations of starch 
usuaUy give a shghtly lower figure of 70-75% 
on the dry weight, A small amount of sags 
may also be present normally, and this may b 
increased if the potatoes have been subjected to . 
low temperature in storage. In sugar beet, 
mangolds, swedes and turnips the chief simple 
carbohydrate is sucrose, stored m the root, the 
amounts usuaUy found descending m theorder 
named. The concentration of sucrose 
sugar beet is very high, though vanable An 
average figure appears to be about 18% of the 
fresh weight. Concentrations a * ' 
have been found. The sucrose is always accom- 
pamed by a certain amount of reduemg sugar. 
Traces of raffinose may be present and may 
accumulate m beet sugar molasses (t>. Beet). 

The leaves of the sugar beet are lower in 
sucrose than the root but may contain much 
higher amounts of reducing sugars. Analysis 
of the whole plant, and leaves and roots 
separately have Men given by Knowles, Watkin, 
and Hen^, J. Agnc. Sci 1934, 24, """ 

Whole 

plact Leaves Roots 
Bry matter . . . .20 26 14-21 2S-10 

On dry fiasir. 

Ash 8 60 2100 299 

Total sugars as sucrose . 63 68 14 57 71-40 
Sucrose . . 

Reduemg sugars . 


investigated, the moat recent report being that 
of Davies on mangolds (J. Agric. Sci. 1926, 16 

Legumes — The importance of leguminous 
crops Les in their high protein content, and m a 
number of cases the protems have been frac- 
tionated and constituent ammo acids defer- 
mmed (». Osborne and collaborators, J. Amer. 
Chem. Soc. 1890-1903, and later m J. BioL 
Chem.; alto Davies, J. Agric. Sci. 1926, 16, 
280). Detailed analyses have been made* of 
lucerne at various stages of growth and intervals 
of cuttmg (Graber, Wis. Agric. Expt. Sta. Rea. 
Bull. 80, 1927). Separate analyses of leaf and 
stem have been earned out by Woodman 
(Woodman and Eden, J. Agric. Sci. 1935, 25, 
578) and expressed on the dry basis : 

Young Young Mature Mature 
. . leaf stem leaf, item 

Ash . . , . 12 26 9 78 13 94 7 03 

Ether-soluble . 3 43 1-20 3 01 1-03 

Crude protem . 30 13 16 97 23 48 9 44 

Crude fibre . . 12 99 30 77 13 39 44 36 

Soluble carbo- 
hydrates . . 4M9 41 28 46 IS 38 14 

The nature of the fraction described as soluble 
carbohydrates has not been examined, but it is 
probably composed to a considerable extent of 
nenucelluloses and hgnin together with about 
10% starch. The leguminous seeds also 
contain starch, the granules bemg of charse- 
tenstic size and shape Soya beans are unusual 
in containing up to 20% oil, which has found 
commercial uses. The ash of leguminous plants 
(other than seeds) is usually distinctly high in 
calcium, as will be seen in Table IZ. 

Other Cbots — Because of its increasing use 
I a winter feed kale has been the subject of 
investigation by Woodman (W’oodman, Evans 
and Eden, J. Agnc. Sci. 1936, 26. 212). The 
compositJODBOf the twoleadmgvaneties, marrow- 
stem and thousand-bead, are very similar: 


hlangolds also contsm considerable quantities 
of sucrose, but not at such a high concentration, 
6-8% sucrose is commonly found. The dry 
matter of mangolds (10-13%) is much lower I 
than that of sugar beet, so that on the bams of I 
dry matter the difference between sugar beet and 
mangolds is not great. The yield of mangold 
roots per acre is more than twice that of sugar 
beet, but nevertheless, the sugar beet as the 
more concentrated source has the advantage. 
The leaf/root ratios of these two crops are 
entirely oiffercnt. Onepart of top makesontbe 
average 0-75 parts of root of the sugar beet, and 
6 parts of root of mangolds. Swedes and turnips 
contain leas sucrose, 4-5% having been record^. 

It should be mentioned that the cell wall of | 
these roots contains pectin in amounts b%ber 
thsn is met with in most other tissues except 
certain fruits. Pectin from the sugar beet par- 
ticularly has been the subject of investigation 
Ebibch (Ehrlich and von Sommcrfeld, Biocbem. 
Z. 1926, 168, 263; Ehrlich and Schubert, 
Ber. 1929, 62, [B], 1974). The nitrogenous con- 
stituents of root crops have not been extensively 


Ash 

Ether-soluble 
Crude protein 
Chide fibre . 

Soluble carbohydrates 


11-49 
281 
14 64 
18 34 
52-72 


15 81 
21 29 
49 07 


Separate analyses of tbs leaf, marrow, and rmd 
have been made m the case of marrow-stem 
kale: 

Leaf. Harrow. Rlcd 

Ash 14 86 15-19 7 05 

Ether-soluble . . 3 33 1-34 0 81 

Crndeprotem. . . 13 87 1203 772 

Crude fibre . . . 12 45 13 06 29 08 

Soluble carbohydrates 65-49 5 8 33 55 34 

The marrow of the kale stem is rich in sugar, the 
major part being in the form of reducing sugars, 
not as sucrose : 

Marrow itemkale. Thousand headkale. 
Oct.l4. Jan 24. J(ot.20. Feb.l4. 

; Total sugars . 54*37 4563 47-57 4391 

Reducing 

sogers . , 60 32 21*85 29 90 29 24 

Sucrose . . 4 05 23 68 17 67 14 67 
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Grasses. — The composition of grass varies 
widely according to the species, age and 
manurial conditions. Young spring growth is 
higher in protein than summer growth, unless 
nitrogenous fertilisers are applied. Aftermath 
may generally be taken as containing more 
fibre than spring growth of a similar m'trogen 
content. Analyses of the nitrogenous constitu- 
ents of grasses have been made by Chibnall 
and Miller, J. Biol. Chem. 1931, 90, 189; 
Greenhill, Biochem. J. 1936, SO, 412). The 
latter found the proportion of the total nitrogen 
present as true protein to be more or less 
steady in intensively grazed pasture grass, the 
value being usually between 85% and 90% 
and rarely below 80%. Abnormally high 
proportions of non-protein nitrogen have 
occasionally been observed and have been 
believed to be the cause of digestive disturbances 
in stock. 

The figure for soluble carbohydrates in grasses 
and hays is commonly 40-50%, but this is due 
largely to the deficiencies of the system of 


analysis, as mentioned earh'er. Small amounts 
of fructosans have been reported in grasses, 
and amounts up fo 30% have been found in 
yonng^rye grass, disappearing as maturity is 
approached (Norman, Biochem. J. 1936, 30, 
1354). Detailed analyses of many grasses have 
been made by Fagan (Welsh Plant Breeding 
Station, Bull. Series H, No. 3, 1924; No. 9, 
1926-27), by Woodman, and by S. J. Watson 
(J. Agric. Sci. 1928-1936). 

Ash of Crops. — The mineral constituents of 
crops have acquired a new importance in view of 
advances in animal nutrition and the recognition 
of the role of minor elements in development and 
maintenance of condition. Aspects of this 
question are dealt with by Sir John Orr 
(“Minerals in Pastures,” 1 929). The composition 
of the ash was originally studied as a result of the 
view that the fertiliser requirements of the plant 
could best be determined by a knowledge of the 
constituents taken away from the soil by that 
particular crop. Some ash analyses are given 
in Table II. 


Table IT. 


Composition of the Ash of some Crops. 



Ash on 



As % of ash. 




basis. 

' CaO 

KjO 

NajO 

MgO 

PaOs 

Cl 

SiOjj ' 

Potatoes 

3-99 

1-53 

68-27 

0-06 

3-48 

12-86 

7-27 

0-58 

Mangolds 

6-70 

3-68 

35-90 

19-34 

2-13 

9-34 

3-87 

0-97 

Sugar beet 

2-99 

15-39 

27-42 

— 

— 

18-40 

4-02 

4-02 

Swedes 

6-58 

12-12 

39-17 

5-24 

3-02 

9-83 

2-48 

0-72 

Clover 

8-15 

37-37 

13-10 

0-58 

5-10 

3-75 

2-26 

0-54 

Lucerne (leaf) 

13-94 

40-10 

15-35 

0-50 

— 

4-62 

3-59 

0-86 

Lucerne (stem) 

7-03 

25-46 

33-01 

0-57 



6-69 

6-12 

1-28 

Beans (grain) 

3-27 

6-60 

40-58 

2-12 

6-61 

30-69 

2-43 

0-41 

Beans (straw) 

6-80 

28-39 

8-07 

14-57 

3-12 

2-31 

2-49 

3-08 

Peas (grain) 

2-53 

5-74 

44-31 

0-39 

8-97 

29-30 

0-45 

0-37 

Peas (straw) 

5-87 

40-34 

11-78 

9-90 

8-30 

8-26 

3-84 

10-66 

Lucerne hay 

Kale, thousand-head 

11-27 

21-22 

34-44 

1-24 

3-91 

8-78 

9-85 

0-27 

Kale, marrow-stem 

11-49 

21-32 

33-85 

2-26 

3-39 

7-83 

11-23 

0-87 

Rye grass . . 

9-59 

8-02 

— 

— 

— 

6-77 

6-77 

45-45 

Pasture grass 

9-03 

8-71 

35-40 

5-13 

— 

8-64 

9-62 

21-70 


Other Methods of Analysis. — The system 
of analyses of organic constituents described 
above is ofScial in the sense that tfie evaluation 
of feeding-stuffs is based upon it. There is, 
however, a distinct movement towards analyses 
which determine as closely as possible each 
important constituent instead of indefinite 


fractions. A proximate system was proposed by 
Waksman and Stevens (Ind. Eng. Chem. [Anal.], 
1930, 2, 167), which, while not perfect, is 
a considerable advance. This procedure tends, 
to over-estimate the hemicelluloses at the 
expense of the cellulose. Examples of analyses 
by this system are given in Table III. 


Table III. 


Proximate Composition of Some Plant Materials (Wassman and Stevens). 



Maize stalks. 

Lucerne. 

Timothy hay. 

Oak leaves. 

Ether and alcohol soluble fraction 

3-42 

10-41 

2-90 

9-93 

Hot water soluble fraction .... 

28-27 

17-24 

16-92 

10-26 

Hemicelluloses 

20-38 

8-52 

22-07 

15-62 

Cellulose 


26-71 

26-09 

17-18 

Lignin 

9-68 

10-78 

16-21 

29-66 

Crude protein 


8-13 

3-25 

3-47 

Ash 

7-40 

10-30 

5-68 

4-68 


VoL. III.— 28 
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Figures for cellulose and lignin contents vonld 
frequently be of value in considering tbe com* 
position of crops and particularly in follomng 
aevelopmental changes which are very imper- 
fectly reflected in simple crude fibre determina- 
tions. Detailed studies of this nature have been 
earned out on a vanety of matenala (Konnan 
3. Agric. Sci. 1933, 23, 216; Buston. Bior^em 
J. 1934, 28. 1028; Phillips and Goss, J. Agnc. 
Res. 1935, 51, 301 ; Norman, Biochem. J. 1936. 
SO, 1354). Although, of the structural con- 
stituents, cellulose and lignin may be determined 
mth some degree of accuracy, the same cannot 
yet be said of the hemicelliUosea A laborious 
procedure of direct extraction and weighing has 
been suggested (Preeee, Biochem. J. 1931, 25, 
1394). and used on grasses and Icavea (Buston, 
Biochem. J. 1935, 29, 196), but a more ex. 
pieditious and accurate method of determming 
this important group of poiysacchandes u 
required. 

A. Q. N. 

CROTAL]N>E v. BtooD Aimaoaoi7i.AMT3. 

CROTINE V. CsoTOK On.. 

CROTON OIL (Oleum eroionu. Oleum U^lu 
of the Pharmacopcciaa i Fr hutU it feUta 
pxgnma d'lndt) is obtained from the seeds 
of the shrub or small tree Croton TtgUum L. 
p'am. Euphorbiaccs), which is indigenous to 
S. India and Ceylon but found ui cultivation in 
other tropical regions of S. Asia and Oceania 

The oil, which amounts to about 39-45% 
of the whole seed (equivalent to 43-63% of the 
kernel) is recovered commercially by eiptession 
or by extraction with solvents (alcohot ether, 
etc.) from the shelled or unshelled seeds accord 
ing to the requirements of the various national 
Pbannacopaios* : the colour of the oil. its 
pbjsiological actnity, and its solubdily in 
alcohol (which depends chiefly on the content of 
free fatty acids) depend on the method employed 
for its extraction 

Both seeds and oil should bo handled with 
extreme caution, as they not only possess 
dangerous toxic and purgative propeidies when 
taken internally, but also display a serious 
vesicating action when applied externally to the 
skin (distmction from Curcas Oil, gv). , 
(Accordmg to CherhuLez, the purgative effect 
may also Ibllow the apphcation of the oil to the 
skin.) 

In addition to the vesicant and purgative 
principles, which pass into the expressed or 
extracted oil, the seed kernels also contain two 
toxalbumins — crotonglobulm and croton- 
alb u m i n — (which were formerly classed together 
under the name “ crotino ” (see Stilimark. 
Arb, Pharmak. Inst. Dorpat, 1889; Blfstrand, 
RabiL-schrift, Upsala, 1698; Kobert, Landw. 
Versochs-Stat. 1913, 79-80, 97)), sucrose and 
glyeoso glycosides, and about 1-4% of a glyco- 
side, crotonoside, which has been identified as 
the d-nboside of 2.hydroxy-6 amino-puzine (uo- 
guanine), and which (in small doses at least) 

* Descriptions of Oleum erolonit (Oleum TtgliO. 
wUeb appeared In former editions have been omlttni 
from the moat recent revlalocs of the DrKtsh ( 1 ^ 2 ), 
United eutes (1936), and Dutch (1926) Phanns- 
copceias: liniments cooUlnlPS croton oU stIU appear 
In the S> C. 


haa no harmful physiological action (CherbuLez 
and Bernhard, Helv. Chim. Acta, 1932, 15 4 «j 
855.978). 

Croton oil is used to a limited extent as a 
drastic cathartic (usually in admixture with 
castor oil or other diluent), and more frequently 
as a constituent of nibefiant liniments, etc , m 
cases of pneumonia, sciatica, etc. 

The vesicating action of the seeds and oil is 
associated with an amorphous material, termed 
“ Naturgiftstoff *’ by Flsschentrager (Boha 
and Flaschentrftger, Arch. exp. Path. Phann. 
1930, 157, 115; Ic, tnfra] and ''B4sine de 
croton " by Cherbuliez, Ehmnger, and Bemhaid 
(Helv. Chim. Acta, 1932, 15, M8), which can be 
extracted by purely physical methods (extrac- 
tion with methanol) from croton oil, or in some- 
what higher yield (c. 1-3%) from the seeds 
themselves. This material varies in its pro- 
perti^ according to the manipulation employed 
for Its recoveiy, and appears to consist of a 
complex mixed unsaturated ester {or mixture of 
esters) containing some free hydroxyl (phenoho t) 
groups : it is extremely sensitive to alcoholysis, 
especially in the presence of alkahs, and it is 
almost certain that the glassy, toxic croton 
resin, recovered by even such mild methods as 
were used by Dunstsn and Boole (Proe. Boy. Soc 
1895, 58, 238). Bobm (1915, le., tnfra), and 
other early investigators represented a product 
of the partial decompontioa or modmeation 
of the original natural toxin Croton ream, 
like the “Naturgiftstoff” from which it is 
derived, duplavs the toxic and vesicating 
properties of tSe oil to sn enhanced degree, 
but IS very easily saponified by alkahs (la 
Dunstan and Boole, le.; Flaschentr^ger, OP 
638004. and Ic.. tnfra*), yieldmg a complex 
mixture of physiologically inactive products; 
these include a crystalline tricyclic phenolic com- 
pound, phorbol (C,oH,,OgY). containing five 
hydroxyl groups and three unsaturated hnkiags, 
and about 33-35% of a complicated mixture of 
fatty acids, among which formic, acetic, uo 
butyric, tigbc, caprylic, capnc, launc, myrietic, 
palmitic, oleic and linoLc acids have been 
identified (Bohm, Arch, exp Path. Pharm. 
1915,79, 138; Spies, J Amer. Chem. Soc. 1935, 
57, 180; J. Org. Chem. 1937, 2, 62); higher 
'saturated acids and more unsaturated acids 
appear to be absent. 

Ljttla IS known concerning the cause of the 
purgative action of the oil, which would appear 
I to be atlnbntaWa to some factor other than 
the croton resin, since Cherbuhez finds that 
croton oil, from which the bulk of the toxic 
min has been extracted, still retains its cathartic 
activity. The “crotonoleic” acid ofBucbheim 
(Wagners Arch. HeiJk. 1872, 13, 1, 20; 1873, 
14, 1). and of Kobert (Chem.-Ztg. 1890. 14, 656) 
has been shown by Dunstan and Boole to 
have been an unpuro mixture of croton ream and 
fatty acids. Both croton oil and croton resin 

* Fhorbol and the product of Its benzoytatloo are 
phyiioloxically Inartive, but the (t tctra.)scetste U 
nIghiT toxic : on treatment with sulphuric arid, 
phortol yields the ketone crotophorbolons, C,gHjjO., 
(blaschcntriacr and von Falkenhausen, Aoosleii, 1934, 
514 , 252 , bOhm, IJaschcntrlgcr, and LeniUi’, Areh 
exp. Path. Phann. 1935, 177,212; on further alka lne 
hydrolysis of phorbol, phenolic (enolle) derlvstlTci 
are obtained. 



435 


CEUdBLES. 


lose their specific physiological action upon 
hydrogenation. 

The following analysis of croton oil by 
Flaschentrfiger and von WolffersdorfF (Helv. 
Chim. Acta, 1934, 17, 1444'; cf. Schmidt and 
Berendes, Annalen, 1877, 191, 94) indicates 
roughly the quantitative composition of the oil 
(the “percentages” are only approximate, since 
the item of “ loss ” amounts nearly to 14%) : 
“ Naturgiftstoff ” (toxie resin) 3-4% (the 
combined acids present in this fraction are not 
included in the subsequent figures) ; oleic acid 
37% ; linolio acid, 19% ; arachidic acid, 1-5 % ; 
stearic acid, 0-3 % ; palmitic acid, 0-9% ; 
myristic acid, 7-5% ; lauric, tigUc, valeric and 
butyric acids, each in traces less than 0'05%; 
acetic acid, 0-6% ; formic acid, 0-8% ; acids in- 
soluble in light petroleum 6-9% ; “undetermined 
acids,” 0'6% ; glycerol, 7-2% ; unsaponifiable 
matter (including a sterol, m.p. 131°C.) 0-25%; 
loss 13'8%. As the whole of the “ Naturgift- 
stoff” was not removed from the oil by the 
method employed, the results of the analysis 
are not inconsistent with the opinion of Bohm 
that all the lower (volatile) fatty acids, including 
the stable solid, unsaturated tiglic acid 
(CH3-CH:C(CH3)-C00H ; m.p. 64-5°C., iso- 
meric with angelic acid), are associated with ■the 
vesicant principle, and do not form any part 
of the glycerides constituting the true fatty oil 
of the seed. Adriaens (Congo, Dec. 1934) 
reports 89-90% of insoluble fatty acids in 
croton oil, of which 9'5-10'5% are stated to con- 
sist of saturated, and 89-5-90'5% of unsaturated 
acids. As much as 0'6% of tiglic acid has been 
isolated from crude croton oil (Geuther and 
Frohlich, Z. Chem. 1870, N.F. 6, 549, 576). 

Croton oil is strongly dextrorotatory, 
-1-5° to -1-9°; owing to its remark- 
able composition, which differs widely from 
that of aU other oils, its recognition by means 
of the ordinary quantitative reactions is not 
difiicult : the following figures illustrate the 
usual ranges : m.p. —7° to — 16°C., sp.gr.^® 
0-9320-0-9501 ; 71 ^“ 1-4734-1-481 ; acid val. 2-55; 
saponification value 200-215 ; iodine value (Wijs) 
102-115; Eeichert-Meissl value 12-13'6 (Lewko- 
witsch), 6-4-8'4 (Adriaens) ; Polenske value 1'3 
(Adriaens) ; true acetyl value 19'8-32-7 (Lewko- 
witsch), 5-6-11 (Adriaens). In admixture with 
other vegetable oils, croton oil may be detected 
by the characteristic reddish ring which appears 
at the junction of the liquids when a solution 
of the oil in two volumes of absolute alcohol is 
poured onto a concentrated solution of potassium 
or sodium hydroxide (Comte, J. Pharm. Chim. 
1916, [vii], 14, 38 ; the reaction is due to the 
toxic resin). 

The oil obtained from the seeds of an allied 
E. African plant, Croton megalocarpxLs Hutch 
(=C. Elliottianus Pax and Eng.),^ and known in 
pharmacy as Oleum crotonis Elliottianus or 
01. Elliott., has a comparatively non-irritant 
purgative action, and does not appear to contain 
any vesicating constituent; the characteristics 

^ Owing to a confusion in the nomenclature, the 
seeds and oil discussed in the papers quoted were 
incorrectly described as from C. EllioUanus Baill., 
which is a related Madagascan species (Prlv. comm, 
from Imperial Institute, 1937). 


of the oil, viz. sp.gr.i' 0-925-0-927, saponifica- 
tion value 188-5—201-5, iodine value 138-6— 
147-5, insoluble fatty acids 94-94- 8%--also differ 
considerably from those of croton oil {cf. Bull. 
Imp. Inst. 1907, 5, 237 ; 1915, 13, 39 ; 1923, 
21, 206; Cash and Billing, J. Pharm. Exp. 
Therap. 1914, 6, 235 ; Martindale and Westcott, 
Extra-Pharmacopoeia). 

E. Tj. 

CROTON RESIN t». Ceoton Oil. 

CROTONALBUMIN v. Ceoton Oil. 

CROTONGLOBULIN v. Ceoton Oil. 

CROTO NITRILE v. Allyl. 

CROTONOLEIC ACID v. Ceoton Oil. 

CROTONOSIDE v. Ceoton Oil. 

CROTONYLENE u. Acetylenes. 

CROTOPHORBOLONE t). Ceoton Oil. 

CROWBERRY (Empetrum nigrum). The 
leaves of the crowberry contain a wax composed 
of ceryl cerotate, benzoic acid, ursone, tannin, 
dextrose, and probably rutin. The anhydrous 
ursone, C,oH jgO, is identical with that obtained 
from the leaves of Vva Ursi. Empetrum nigrum 
contains no alkaloids or andromedotoxins or 
glucosides decomposed by emulsin (van ItaUie, 
Pharm. Weekblad, 1918, 55, 709). 

CRUCIBLES. Crucibles may be described 
as hollow vessels constructed of material which 
can resist the aetion of heat and chemical attack 
and possess mechanical strength at high 
temperatures. This description takes no 
account of size and thus embraces types ranging 
from small laboratory utensils to industrial 
plant ; and crucibles which will give satisfactory 
results in service are some of the most difficult 
refractory articles to produce. The require- 
ments of a good crucible may be briefly outlined 
under the following heads : 

Mechanical. — Crucibles must be sufficiently 
strong to resist, without bulging, the pressure 
of the molten material they contain. In many 
cases, for example, the casting of metals, alloys 
and glass, they must be rigid at high tempera- 
tures, so that they can be lifted and handled by 
tonga, or some gripping device, without failure. 
The requisite strength can be secured by using, 
say, a suitable clay, such as those from Stour- 
bridge, Derbyshire, Klingenberg and certain 
localities in France and Belgium; by correct 
grading and proportioning of the grog and 
admixed materials, by avoidance of cracks and 
strains during manufacture, by careful firing, 
and by attention to shape and design. As a 
rule, attempts to increase mecham'cal strength 
by incorporating fibrous material, such as 
asbestos, in the wall, or by binding the wall with 
metal hoops, have not been successful. 

Physical. — ^Texture, a property which can be 
controlled by the grading of the component 
materials, must be selected according to the 
pmpose for which the crucible is to be used. A 
close interlocking texture is essential for 
mechanical strength, for preventing permeation 
by molten material, and is generally stated to 
favour heat conductivity. In using crucibles 
for casting, however, they are often completely 
removed from the furnace and thus subjected 
to an abrupt change of temperature w-hich 
renders them liable to fracture. In the case of 
clay materials, resistance to this is secured by the 
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use ofa relatively largo proportion of coarse grog and that a thin lining of chalk renders earthen 
(possibly 30 to 60% of a grade retained on an crucibles less permeable to molten htharve.” 
j-in. Keve). Such an admistnte, coupled irith IVom this it appears that at that time the advan- 
exclusion of finer and intermediate grades, tsgea of a carbonaceous lining were recognised, 
increases the porosity and the tenden^ to bat that other materials could be used in speehi 
penetration, so that in this, as in many other cas». The tenn " earthen crucibles " was 
points, a compromise must be struck. Compared applied to what would nowadays be described as 
with metals, the heat conductivity of Kfracloiy “ clay crucibles.” Also, the mention of molten 
materials b low, though in crucibles in most litharge suggests some points with regard to the 
cases the opposite quabty would bo & great destruction of crucibles by molten material, 
advantage and it is largely for this reason that Many metals have Lttle effect, but vanous salts 
graphite and carborundum have been used and slags either permeate the wall or exert a 
extensively, definite solvent action on it. In this connection 

CHEincAL. — The main chemical conaidera- reference may be made to the section on slags 
tions are the relation of chemical composition to in Percy’s “ Metallurgy ” (pp. 46-86), in which 
refractormess and to the resistance to the attack the action on clay crucibles, of slags of varying 
of molten metab, slags, etc. The refractoriness composition, is specifically described in aever^ 
depends not only upon the low content of cases. From a large number of suggestions, the 
fluxes, such as alkalis, iron compounds, etc., following are mentioned as illustrations. For 
but also on the ratio of the more infusible crucibles made of refractory cUy and sand for 
oxides to one another. For example, the metalloigical use, Queneau claimed the use of 
addition of sihca to some clays may reduce linings of refractory clay mixed with a substance 
the refractoriness of the mixture- Occasionally, capable of resisting the chemical operations con- 
on the other hand, a small amount of somewhat cerned, and firmly compressing the homg before 
fusible material IS added to favour vitrification firing (F.P. 364319, 1906; J.S C.I. 1906, 24, 
and thus dimimah the risk of permeation of a 1031). For alnmlmum alloys, Fraiy claims a 
crucible. R. H. Stone (J. Amtr. Ceram. Soc. Inung of finely ground alumina, bonded with 
1933, 16, 96-101) considers that the presence of sodinm siLcate (U.S P. 1572476 1 J.S C.I. 1028, 
acertainamoantofflax(felspar)uitheKluigen' 46, 330). For the ’’Thermit” process, Gold. 
berg clay accounts for its suitability for graplute acbmidt recommended lining crucibles with a 
crucibles. Apart trem chemical composition, nuxtiue of soluble glass with magnesia and 
the temperature at which a crucible ^gtns to corundum (P.P. 354697; J.SC.I. 1906, 
soften or melt IS influenced by other factors, such 1114). Peppeler claims to make the thickness 
as gram size, the finer grams appeanng to be oftbe crucible wall sufficient to remove so much 
more fusible, and by the character of the atmo beat of the reaction that a thm layer of slag 
sphere in which t^ey are heated, a redocing is formed on the inner surface as soon as 
atmosphere generally tending to lower the reaettoa begins (U S F. 163039S , J S C 1. 1925, 
refractormeas. 44 , 408). Crucibles may be rendered non- 

Resistance of the maide of a crucible to porous by treatmg with ferrous sulphate 
I chemical attack by molten metals, al^. ealta, solution and firing (Mitchell, U B.F. 604845; 
’ etc , IS obviously a very complex and wide j.5.C.I. 1008, 27, 886) SatA suggests eoakmg 
question The general principle of using an alumina crucibles (for a Tammann furnace) 
acid (silicioua) refractory m contact with an acid in an aqueous solution of alumuuum chloride 
znatenal, and a basic (aluminous, magnesian) and heating to above 346'’C., the tempera* 
with a basic, holds good. In many cases, tore of decomposition of the salt (B. 1936, 
however, crucibles are composed largely of 804). The fracture of crucibles by expansion 
neutral refractories, such as graphite and car* of eohdifying metal can bo prevented by 
borundum, that is to eay, those which do not lining with friable material (Colby, U.S V. 
tendtocombinewitbeitheracidorbasicmatenal, 830208; J.S C.I. 1906, 25, 934). Forprepanng 
a fact which Lmits the range of attack to eome fused quartz, Keyes suggests lining a carbon 
extent. In addition to the selection of a euitable crnable with a paste of sodium tungstate and an 
crucible for a particular purpose, on the lines appropriate binder ; the paste is spread over the 
]iist indicated, increased protection is often inner surface of the crucible which u then 
provided by Lning the crucible with a layer of ignited in order to harden the lining, and this is 
eome specially resistant material. Assuming treated with a burnishing tool or roUer to give it 
that the layer adheres eatisfactonly, this pro- a firm and compact surtace (U.S.P. 1240637; 
oedure baa the advantages that specific resistance J.6.C.1. 1916, 87, 63A). 

toinividualformaofchemicalattaekisprovided CXASSiriOATioif, Coitrosmojr ahd lUrru- 
and the inherent properties of the crucible, such raerruBB ox ChiUciBLE3. — ^Tbe following simple 
as a coarse texture, can be retamed and con- classification, which is adequate fur moat 
sequent permeation of the wall restneted, by purposes, arranges crucibles under the heads : 
developing a dense and compact layer on the Clay(7nicibles, 
irtside. The following quotation from Per^ Carbonaceous Crucibles. 

(“MetaJIargy,” 1876, p. 141) is of interest: Crucibles of Miscellaneous 31aterials. 

” Lining or Brasquing Crucibles with other than ClayCrvcibhs are probably the oldest and have 
Carbonaceous Blatter.” Berthief (TraitA dee been used very largely for the melting of 
Essais, Pans, 1834, i, 83) states that ho has metals, alloys and glass. The chief varieties are 
occasionally iLied crucibles with silica, alumina, known under special names wMch are still 
magnesia or chalk, previously moistened with leUioed, and the following descriptions, taken 
water, so as to make them sufficiently cohesive^ mainly from Percy’s “ Metallurgy,” may be 
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quoted. The clays generally used in this 
country are certain varieties from Stourbridge, 
Stannington and Derby {v. infra). A mixture of 
raw ground clay and about half its weight of 
graded grog, made from old glass-house pots 
from which aU adherent glass has been removed, 
is used. The smaller crucibles are fired in a kiln, 
but the large casting pots are baked immediately 
before use, and very hard-baked crucibles are 
more liable to fracture on reheating. A very 
plastic clay, such as Dorset ball clay, which 
enables a large amount of grog to be incor- 
porated, is sometimes substituted for a part or 
even the whole of the pot clay. 

Cornish Crucihhs, largely used for copper 
assaying are, according to Searle, composed of 
1 part of Teignmouth baU clay, 1 part of Poole 
ball clay, and 2 parts of St. Agnes’ Beacon Sand. 
They can be heated suddenly, but are not 
refractory enough for melting steel. Crucibles 
of this name are now made by the Morgan 
Crucible Company of Battersea. 

London Crucibles are round in shape, fine 
grained, withstand the action of litharge fairly 
well, but do not stand sudden changes of 
temperature. The name refers actually to the 
shape rather than the composition or place of 
manufacture. 

, White Fluxing Pots, also made by the Morgan 
Crucible Company, from a highly refractory 
fireclay from Rouen, have a very smooth sur- 
face, resist the action of fluxes well, but crack 
with sudden changes of temperature. 

Hessian Crucibles, largely used for melting 
precious metals and chemicals, are triangular in 
cross-section and are of varying sizes which fit 
into one another to form a “ nest.” They are 
somewhat porous, rapidly attacked by litharge, 
and very liable to fracture with abrupt change^ of 
temperature. According to Searle, they are 
made of 2 parts of Gross Almerode clay and 
4 or 5 parts of Epterode sand ; the clay melts at 
Seger cone 33 to 34 and has the approximate 


composition ; 

% 

Silica 64 

Alumina 24 

Loss on ignition ... 7 

Iron oxide, lime, etc. . . 5 


They are obviously acid in character and in 
many ways resemble Cornish crucibles. 

French Crucibles are made from 1 part of clay 
(Ardennes) and 2 parts of the same clay fired 
as ^og or chamotte. They are refractory, fine 
grained, and resistant to slags. 

Silica Crucibles may be made by mixing sand 
or powdered silica with an absorbent material, 
e.g. kieselguhr (Sankey, B.P. 3353, 1906 ; 
J.S.C.I. 1907, 26, 96), or with cement and water 
and, after drying, heating to the fusing point of 
silica (Reppey, U.S.P. 905295; J.S.C.I. 1909, 
28, 24), or with a little lime (Berglund, E.P. 
366830 ; J.S.C.I. 1906, 25, 1081). 

The tables shown on p. 438 give the compo- 
sition of some clays used for crucibles and of 
various types of crucibles. 

Carbonaceous Crucibles.~It has long been 
recognised that the incorporation of carbon 
with the clay of crucibles diminishes their 
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tendency to break with sudden changes of 
temperature and -increases the heat conduc- 
tivity without lowering the refractoriness. 
Carbon is generally introduced in the form of 
graphite, which should have a low content of 
mineral matter and a suitable texture. The ash 
should not exceed 5 to 10% and must be 
infusible and have no tendency to combine 
with the clay to form a fusible mixture. In 
texture, graphites consist mainly of thin flakes 
or of irregularly shaped grains ; the former 
tend to give a mixture which is “ slippery,” 
whereas the latter tend to pack closely, especially 
if grains vary in size. Graphite which has been 
imported during the past hundred years from 
Ceylon is particularly suitable. It contains 
about 95% of carbon and the grains are irregular 
in shape and size, ranging from minute particles 
up to several millimetres along their maximum 
dimension. During the last thirty years 
graphite has been imported from Madagascar 
and yields about 80 to 90% of carbon ; the 
flakes are somewhat straight-edged and approach 
parallelograms or polygons in form (Thiessen, 
J. Amer. Ceram. Soo. 1919, 2, 508 ; Muller, 
Ber. deut. Keram. Qes. 1935, 16, 410). 

Eor the manufacture of crucibles, the graphite 
is ground, sifted, digested with dilute sulphuric 
acid to remove the greater part of the iron, 
and mixed with water and kneaded to a stiff 
paste with about an equal weight of finely 
ground clay. The mixture is passed through a 
pug-mill and cut into blocks. When required for 
use, the blocks are again passed through the 
miU, and then shaped, dried, and fired in saggers. 
The shaping may be done by hand, or hy 
“ throwing ” on a potter’s wheel, or by pressing 
in a mould by hand or mechanical power. 
Various moulds have been designed for the 
purpose, and the selection of any one is deter- 
mined by the size or other properties required 
in the crucible. A common form consists of a 
large block of wood (or iron) with a deep 
cavity, the curved surface of which gives the 
shape to the outside of the crucible. The block 
is known as a “ flask,” and is partly filled with 
the clay mixture into which a plug or “ stopper ” 
is forced with a rotary movement, and thus 
shapes the inside of the crucible, the space 
between the flask and the stopper being filled 
with clay which forms the wall of the crucible. 
At the bottom of the stopper is a pin, or pivot, 
which fits into a hole in the bottom of the flask, 
and the hole thus left in the base of the crucible 
has to be filled up very carefully when the 
moulded piece is withdrawn. Crucibles, like 
other ceramic articles, are also made in jiggers 
and joUeys, which shape a mass of clay into the 
required form on the outside and inside. Lastly, 
crucibles are made by the casting process, in 
which a slip is poured into a plaster of Paris 
mould. The surfaces of the best quality 
crucibles are finished by rubbing with a wet 
sponge or leather which produces a smooth 
and less pervious layer on the surface. 

Crucibles in which carbon is the predominating 
constituent have been made in various ways. 
Small_ crucibles have been made by turning out of 
a solid block of gas-carbon on a lathe, and 
by moulding mixtures of anthracite, charcoal. 



438 


CRUCIBLES. 

Analtses op some Claps ttsed fob Cbuoiblx Uaetno. 



I. 

II 

tn. 

IV. 

V. 

VI 

SiO, . . . 

79 25 

48 04 

45-73 

48 03 

65 08 

49 12 

Ai.d, . . 

13 57 

34-47 

34-14 

36 89 

23 37 

35-73 

MgO . . . 

0 42 

0 45 

0-74 

tr. 

0 53 

024 

CaO 

0 08 

oee 

0 79 

0 55 

0 41 

018 

K.O . . 


1-94 

0 45 

1-88 

0 76 


Fe,0, . . . 

1-38 

305 

(FeO) 1-76 
(FeS() 0 77 

2 36 

2 32 

0 56 

Na«0 . 

— 




— 

— 


TIO, . 

— 



— 

— 

— 

on 

Loss on ignition 

5-11 

IMS 

10 17 

Moist. 4-45 
Org. 0 70 

10 87 

6 84 
(S) 0 05 

11-95 


99 81 

99 76 

99 70 

100 63 

100 26 

99 74 


I. Stourbndgo (Percy). 

II. StftDniDgtoii, near Sheffield (Biachof, " Gesammelte Analyses ”). 

III. Edgemont, near Sheffield (Percy). 

IV. Edeseor, near Derby (Per^). 

V. Gross Abnetoda (BiachioC “Gesammelte Analysen”). 

VI. Ball Clay (Mellor and Heath, Trans. C^ram. Soc. 1909, T, 161). 


CoupoaiTiotr of Cebtaik Vabieties or Clay Cbccibles 



I 

11 

in 

IV 

V. 

VI 

VII 

viir 

IX 

8iO, . 

AJ,(5, . 

646 

723 ' 

709 

710 

65-2 

67 4* 

66 0 ' 

72 S9 

63 92 

34 4 

J95 

24 8 

230 

25 0 , 

32 0 

29 0 

25 32 

4057 

Fe,0, . 

10 

39 

38 

40 

72 

06 

22 

107 



MgO . 


1 H,0 1 8 

tr. 


tr. 1 

tr. 

05 

tr. 

CaO 0 38 
KjO 1 14 

S023 


lOOO 

97 5 

99 5 

98 0 

97-4 

100 2 

, 99 7 

100 30 

-84 72 


I. French, made by Beaufay at Fans (Berttuer, quoted by Percy). 

II. French, made by Deyeux at Ssvignies (BertUer, quoted by Percy). 

III. Hessian (Berthier, quoted by Percy). 

IV. English steel (Berthier, quotw by Pen^). 

V. fit. Etienne steel (Berthier, quoted by Percy). 

VI. Glass pots, Nemours (Berttuer, quot^ by Percy). 

VII. Glass pots, Bohemia (Berthier, quoted by Percy). 

VJII. Cornish, made by Joleffi (Dick, quoted by Percy). 

IX. Steel crucible, clay (Brand, quoted by Percy). 


gas carbon, etc , often with an addition of tari 
(Putz, D.RP. 181979; J.S.C.1. 1907, 28, 1030). 
Digby recommends the foUomng composition 
Plumbago, 17- 
Plumbago, SO- 
Russian clay 
China stone 


-mesh granules 17 parts 
mesh granules 2 „ 


Gas carbon 

The last three ingredients are ground and 
mixed with water and then the plumbago is 
added and the crucibles formed, dried at 65% 
and baked (B.P, 3661, 1893). 

W. Smith (B.P. 149440, 1919; J.S.C.I. 1920, 
39, 658A) saturates porous clay crncibles with a 
suitable hydrocarbon, and decomposes this by 


, heat u the absence of air, whereby the carbon 
is deposited in the pores. “ Salamander ’’ 
crucibles, made by the Morgan Company, contain 
a emalier amount of carbon and resist sudden 
temperature changes well. 

The table on the next page gives the compo- 
ution of some carbonaceous crucibles. 

Carbonaceous crucibles, besides being highly 
refractory and resistant to sodden changes of 
temperature, ensure that material in them is 
mdted under reducing conditions, and in the 
case of steel, for example, may be the means of 
introducing more carbon (Brand, Chem. Zentr. 
15, 407; Dingl. poly. J. 1885, 256, 229). 
Although the carbon is, of course, burnt away 
during heating in a furnace, the more fusible 
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I. 

n. 

in. 

IV. 

V. 

VI. 

Carbon . 

18-60 

40-43 


34-50 

25-5 

39-77 

SiOa . . . 

42-78 

24-63 

51-4 

45-10 

50-0 

38-73 

Al.d, . . 

34-71 

27-89 


16-65 

20-0 

16-64 

Fe-Oq 

- 


3-5 

0-95 

1-5 

1-70 

CaO . . . 






— 

0-5 

0-85 

HjO ... 

— 

— 

1-8 

2-50 

3-0 

0-70 

Sulphur . . 

0-49 

0-27 



— 

““ 

TiOj 0-52 







MgO 0-34 







KjO 1-02 


96-58 

93-22 

98-9 

99-70 

100-5 

100-17 


I. Steel crucible, coke clay (Brand, quoted by Percy). 

II. Steel crucible, graphite (Brand, quoted by Percy), 
m, IV, and V. English blacklead ;(Mene, quoted by Percy). 
VI. Salamander (Hancock). 


mineral constituents in some cases form a pro- 
tective glaze over the carbon particles. This 
object may also be achieved by coating the 
crucible -with clay and borax, etc. (WooUbrd, 
B.P. 24479, 1898; J.S.C.I. 1900, 19, 52; 
McDonald, U.S.P. 828954 ; J.S.C.I. 1906, 25, 119). 

Crucibles of Other Refraciory Materials . — So 
many different refractory substances have heen 
suggested for the manufacture of crucibles that 
only a few illustrative examples can he given. 
On account of its refractoriness, alumina has 
often been used. DeviUe (Ann. Chim. Phys- 1866, 
[iii], 46, 195) employed a mixture of strongly 
calcined and gelatinous alumina, and also 
in place of the former, a material made by 
calcining an intimate mixture of alumina and 
powdered marble. Generally, crucibles are 
made from strongly calcined alumina, or bauxite 
(q.v.), mixed with a refractory clay as binding 
agent. Caspar (U.S.P. 886111 ; J.S.C.I. 1908, 27, 
668) shaped small pieces of amorphous aluminium 
hydroxide by the addition of water and then 
drying and firing them to a white heat, in a closed 
vessel. In some cases he added pure magnesia 
and thus typified many attempts on the same 
lines to form a spinel to act as a binding agent. 
Fused alumina, in the form of alimdum (q.v.) 
or corindite (q.v.) has been used for crucibles, 
generally with a refractory clay as hinder. 

The fibrous character of asbestos suggests 
that its use would be advantageous in strengthen- 
ing the waUs of vessels containing molten matter 
and subjected to handling. Havard (“ Refrac- 
tories and Furnaces,” p, 228) recommends 
mixtures of fireclay, graphito, etc., with asbestos 
for crucibles. At the same time it must be 
borne in mind that under the action of prolonged 
heating, asbestos tends to disintegrate and lose 
its binding power. 

Carborundum crucibles are very refractory, 
mechanically strong, and resistant to chemical 
attack. Generally they are made from a 
mixture of carborundum with a highly refrac- 
tory clay to give a plastic mass (Velter, F.P. 
376179; J.S.C.I. 1907, 26, 1010 ; Engels, B.P. 
14667, 1901 ; J.S.C.I. 1902, 21, 1081). Many 
other substances have been used, such as glue. 


water-glass, etc. ; thus, a mixture of carborun- 
dum and ganister is pressed into shape and then 
heated in an electric furnace (Imray and 
Carborundum Co., B.P. 19493, 1902, and 3308, 
1903 ; J.S.C.I. 1903, 22, 213, 698). A strong and 
very resistant material has been made with 68 
parts of silicon carbide, 25 parts of flake or 
crystalline graphite, 7 parts of clay, and a car- 
bonaceous binder, such as tar, pitch or molasses, 
or part of the clay may be replaced by a flux 
such as borax (Buffalo Refractory Corp., B.P. 
176436, 1920; J.S.C.I. 1922, 41, 328A). 

Purified and powdered chrome iron ore, mixed 
with fireclay to which aluminium hydroxide 
has been added, may be moulded into crucibles 
and burned, with or without the addition, before 
burning, of a substance rich in carbon, such as 
sugar, resin or coal (Bacb, B.P. 24041, 1903 ; 
J.S.C.I. 1904, 24, 64; Klein, U.S.P. 787770; 
J.S.C.1. 1905, 24, 647). By applying a chromium 
salt to the inside of a crucible and then firing, 
a lining of sesquioxide of chromium is produced 
(Placet, B.P. 28728, 1896; J.S.C.I. 1897, 16, 
919). 

Lime crucibles have been made from lumps of 
wen burnt, preferably slightly hydraulic, lime by 
turning on a lathe. The lime may be soaked in 
molten paraffin wax, resin or tar to prevent 
slaking (Searle, “ Refractory Materials,” p. 471). 
Larger crucibles may be made by compressing a 
layer of lime round the inside of a clay crucible, 
which has been coated inside with graphite in 
order to prevent combination of the silica and 
lime at high temperatures (Percy, ” Metallurgy,” 
p. 134). 

According to Percy (op. cil. p. 135), magnesia 
was introduced by Caron as a basic material for 
making crucibles and for lining reverberatory 
furnaces for melting and dephosphorising steel 
(Compt. i6nd. 1866, 62, 298). The magnesite 
was obtained from the island of Euboea and 
must be very strongly calcined to prevent sub- 
sequent shrfrikage in use, and is mixed with 
15^0% of lightly calcined (decarbonated) 
material and water to form a paste which is 
moulded, strongly compressed, (feed, and fired 
at a red heat. It is interesting to note that 
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Gaudm is stated to have made cmciUcs from! 
mixture of 1 part of magnesia and I part of 
bauxite, which would presumably yield an 
artiGcial spinel, and is indicative of several 
recent investigations on basic refractones (eg. 
Chesters and Parmalee. J. Amer. Ceram. Soc. 
1935, 18. 94 , J.S C.1. 1935. 54. 454B). Crucibles 
may also be made from a mixture of calcined 
magnesite mth from 2 to 12% of a boron 
compound, moistened, moulded, dried, and fired 
at a high temperature (Hanson and Littlefield, 
BP. 16004, 1900; J.S.CJ. 1901, 20, 992; 
xbvi. 1002, 52). The product w said to teatat 
molten litharge. Crucibles of a similar mixture 
may be rendered porous by the addition of aaw* 
dust (DobcU, B P. 10715, 1897; JSCI. 1893. 
17, 461). According to llavard (op cit p 237) 
crucibles of magnesia — and other refractoty 
oxides — are made by electrically fusing the 
material (Weintraub, Met. and Chem. Eng 
1912, 10, 308) A layer of strongly calcined 
magnesia, finely ground in a tube mill, is spread 
on the bottom of a carbon or graphite mould. 
A carbon plug, covered with a thick layer of 
paper to allow for the subsequent shrinkage of 
the magnesia, is inserted, and the space between 
it and the wall of the mould filled with powdered 
magnesia and the whole heated in an electno 
furnace to l.SOO’C (15.8 P 1022011,1912). A 
similar method u given by Kerl (“ Handbucb der 
gesammten Thonwaaren Industrie,” p 963); 
powdered magnesia is filled into a carbon tube, 
fitted between two carbon blocks, the lower of 
wlueb IS cut to shape the inside of (he article, and 
on passing the current the magnesia fuses and 
runs down over the shape. | 

Small crucibles, usually for laboratory work, 
lave been made from such refractory oxides as 
nrconia, thoria, ceria, etc (see further, Percy, j 
‘Metallurgy” (Fuel, etc), 1875, pp. I10>I4I,| 
B. Kerl, ” Handbuch der geaammten Thon* 
ivaaren Industrie,” 1007, pp 932-965. &arle, 
‘Refractory Materials," 1924, pp. 464-^03, 
ilavard, “ Refractories and Furnaces.” 1912. 
pp, 228-238 , C Bischof, “ Die feuerfesten 
Tone,” 1923, pp. 178-193) 

W C. H 

CRYOGENINE. Pheaylsemicarbazide 
antipjTino. I 

CRVO'w'iTE,. k mVnx)' 

fluoride of aluminium and sodium, found almost 
exclusively m Greenland, whence it has been 
sometimes called “ Greenland spar.” The name 
cryohte, or " ice spar " (EieiUtn), refers to the 
general resemblance of the mineral to ice (icpvof) 
and to its ready fusibihty in a candle flame. 
The mineral was discovci^ by the Danes in 
1794, and described by Schumacher m J798. 
All the cryolite used in commerce is obtained 
from a single locality at Iviglnt (oi EvigUA), 
on Arsuk-fjord in south-west Greenland This 
locality was nsitcd by Giesecke, and later by 
J. W. Tayler (Quart. J. Geol Soc 1856, 12, 
140). The cryobto occurs as a large depo^ in 
gneiss, and contains (especially near its junctioii 
with the enclosing rock) a number of metaihe 
minerals, such as galena, pyrites and cbalybite 
(p. P, Johnstnip, N. Jahrb. f. Min. 18M. i. 
Ref. 28 ; R. Baldauf. Z. pr. Geol. 1910, 18 , 
,433; 0. B. Boggild, Mineralogia Groelan&ca, 


Kisbcnhavn, 1905 ; 0. B. Boggild, Mcddelciser 
om Gronland, 1912, 50, 107, and Z Kryst 
Mm. 1913, 51, 591 ; C. P. Bernard, The Chyolite 
Mine at Ivigtut, Greenland, M inin g hlagazine 
1916. 14,203). 

Ciyobto IS usually found as cleavahle traos. 
lucent masses, of snow-white colour, with a 
peculiar moist-Iooking vitreous lustre which 
cendera the mineral easy of recognition. H. 2J 
apgr. 2 9-3 0. Crystals are rare; they are cube 
Idle in habit, and belong to the monoclinic 
system, with three perfect cleavages approxi 
mately at right angles to one another. Although 
cryolite is usually white, it is sometimes coloured 
brown or reddish, and is said to pass donn 
wards, in the Greenl.and deposit, into a black 
mass. The black var.ety loses its colour when 
heated. Before the blowpipe cryohte fuses to a 
white enamel. 

The composition of cryolite may be repre- 
sented by the fonaulaSNaP'AIFj or NajAIF,. 
This corresponds to Al 12 8. Na 32 8, F 54 4% 
An anatyaisof the Greenland cryohte by Chodney 
yielded Al 13 23, Na 32 71, MOjO, and MgO 
0 83% (Verb Russ, Min. Ges 1846, lor 1815-46, 
209) Dumev found m the cryolite of Miask in 
the Urals. Al 13 41, Na 32 31, Fe,Oj and 
Mn,0, 0 55, CaO 0 35% (Pogg Ann 1851, 
83. 587) DeviUe found in the firecnland cryo- 
lite 0 018% of vanadic acid and a small pro- 
portion of phosphoric acid An analysis of 
cryolite from near Pike’s Peak, Colorado, by 
Cross and HiDebrand yielded Al 12 9, Na 33 4, 
F S3 55. Fe.O, 0 4, Ca 0 2$, H.O 0 3% (Amer 
J Sei 1883, 26. 271) 

Cryolite was formerly a rare mineral, but 
about 1655 it was introduced into Europe com- 
mercially, and at once found numerous applica- 
tions in the arts About 10,000 tons are 
exported annually from Greenland. By heatmg 
finely powdered cryolite with sodium or with 
roagneeium, J. Percy and A. Dick obtained 
metallic aluminium (Phil Mag. 1855, 10, 364} 
DcviUe found that fused cryolite is decomposed 
by the passage of an electric current, with 
elimination of free aluminium. At the present 
time, aluminium is prepared by the electrolysis 
of bauxite, but the addition of some cryolite is 
necessary to start the process and to keep it in 
wtAntmta xqjfirMiurt V®- k^vitiisvzvi). 

A wide range of apphcations was suggested 
when Julius Thomsen showed in 1850 that 
cryolite is readJy decomposed by heating with 
calcium carbonate, and that sodium alummate 
may be thus obtained : 

A>,F--6NaF-f-eCaCO, 

=3Na,0 AljOj-f-eCaFj-l-eCO, 
If heated with quickbme, a similar decomposi- 
tion is eifected. The aodium aluminate bw been 
used in the manufacture of alum, and in the 
preparation of caustic soda for soap making. By 
lixiviation, the aluminate is easily dissolved out ; 
and by the passage of COj through the solution, 
NajCOj is obtained, while alumina separates in 
a gmtinous form. The decomposition of cryo- 
bte may also be cHbeted by boihng the finely 
pulvcn^ mineral with milk of lime. By adding 
an excess of powdered cryohte to the resulting 
niation, the aluminate is decomposed, the alu- 
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mina being precipitated, ■while sodium fluoride 
remains in solution : 

SNa.O-ALOa+ALFe-SNaF 

=2Al203+12NaF 

Cryolite can be readily decomposed by the 
action of sulphuric acid, ■with formation of 
sodium sulphate, which can be easily converted 
into carbonate ; but the process, after trial at 
Copenhagen, has been abandoned in conse- 
quence of the inconvenience arising from the 
evolution of hydrofluoric acid : 

ALFs-eNaF-feHjSO^ 

=Al2(S0^)3-b3NajS04-H2HF 

The manufacture of soda from cryolite is 
carried on at Oersund in Denmark, and at 
Natrona, near Pittsburg in Pennsylvania. The 
mineral is also employed in the preparation of 
enamels on iron and for the manufacture of an 
opaline glass, somewhat resembling porcelain. 

This glass may be formed by fusing together 
106 parts of silica, 35 or 36 of cryohtc, and 13 
or 14 of oxide of zinc. C. Weinreb has in- 
vestigated the cause of the milkiness of cryolite 
glass, and believes that it is due to the presence 
of aluminium fluoride, which, on cooling 
the fused mass, separates in a highly com- 
minuted condition, and being distributed 
through the glass renders it more or less opaque 
(Ding. Poly. J. 1885, 256, 361). 

L. J. S. 

CRYOLITH ION ITE. Fluoride of lithium, 
sodium and aluminium, LigNajAljFjj, remark- 
able in containing a higher percentage of 
lithium (5'36%) than any other mineral. It 
occurs as large, colourless, rhombio-dodecahedra 
embedded in the cryolite deposit at Ivigtut in 
Greenland. Sp.gr. 2-77, H. 2^-3, 1'3396, 

m.p. 710°. The mineral dissolves in 1350 parts 
of water at 18°, and from this solution crystallises 
as cubes, 

L. J. S. 

CRYOSCOPY. As early as 1788 Blagden The van’t Hoff formula assumes that the 
proved that the extent to which the freezing- solution is an “ ideal ” one and that pure 
point of an aqueous solution lies beloW that of solvent only crystallises from it. Should the 
water — the depression of the freezing-point, as latter condition not obtain the whole method 
it is called — is proportional to the concentration breaks do^wn, the depressions observed being 
of the dissolved substance. Nearly a century always too low. An examination of the van’t 
later, the researches of de Coppet and Raoult Hoff formula was made for a number of solutions 
showed that when equimolecular proportions of by Huckel, Kumetat and Severin (Annalen, 1935, 
different substances are dissolved in equal 518, 184) and the abnormalities were sho^wn to be 
quantities of a given solvent, the solutions so due to the formation of mixed crystals of 
obtained have, in general, the same freezing- solvent and solute. Attempts have been made 
point. It is on these facts that the use of the to connect the constant with other properties 
cryoscopic method of determining the molecular of the solvent and have been successful in certain 
weights of dissolved substances is based. cases. Thus J. F. Durand and L. Wai-Hsun 

In comparing the effects of different substances (BuU. Soc. Chem. 1936, [v], 3, 1389) showed that 
on the freezing-point of a given solvent it is the following relation applied to a number of 
obviously convenient, in view of de Coppet’s and organic substances, K=-0015 MT, where K 
Raoult’s results, to refer these effects to 1 g.-mol. was the cryoscopic constant, T the absolute 
of solute and to some definite quantity of the melting-point, and M the molecular weight, 
solvent ; in practice, 100 g. of the latter is Thvo main uses of the cryoscopic method must 
taken as the standard amount. The depression be clearly differentiated. The first as a means of 
of the freezing-point for such a concentrated finding approximate molecular weights, which 
solution as one containing 1 g.-mol. of solute has its main application in organic chemistry, 
in 100 g. of solvent cannot be determined and the second as a method of investigation 
directly; it is calculated from the depression in the study of the properties of solutions, 
observed for a dilute solution, on the basis of the For the latter work the highest accuracy is 
proportionality between depression and con- necessary and consequently complicated appara- 


centration. The depression, therefore, for a 
solution containing 1 g.-mol. of non-electrolyte 
in 100 g. of water is a constant, independent of 
the particular solute ; the average value of the 
cryoscopic constant for water is 18*5°. 

For each solvent, a characteristic figure can "be 
similarly deduced from experimental data. The 
evaluation of this constant — the molecular 
depression of the freezing point — is effected by 
substituting experimental values in the formula. 
M 

K= — • A^> where At is the depression of freezing- 
g 

point observed for a solution containing g 
grams of solute in 100 g. of solvent, and M is 
the molecular weight of the solute. 

It has been sho^wn by van’t Hoff that, on 
thermodynamical groimds, the molecular depres- 
sion of the freezing-point for any solvent is 
quantitatively related to the temperature of 
freezing and to the latent heat of fusion. The 

, - • -IT 0-0198T2 , 

relationship in question is ]v= — — — , where 

T is the freezing-point of the solvent on the 
absolute scale, and w is the latent heat of fusion 
per g. of the solvent. The following table 
shows how far the values of the molecular 
depression calculated for various solvents by 
van’t Hoff’s formula, are in agreement -with 
those deduced empirically : 


Solvent. 

K (found). 

K (calcu- 
lated). 

Water 

18-5 

18-6 

Acetic acid .... 

39 

38'2 

Phenol 

53 

50-5 

Benzene 

51-2 

60-7 

Naphthalene 

69 

69-5 

Camphor .... 

400 

— 

Camphorquinone . 

457 

— - 
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tns is emplojed, whereas for the former purpose is another hole capable of holding a Urge, stont 
an accuracy of a fevr per cent, is sufficient and test-tube, 3^ cm. m diameter. The hd and the 
ease and speed of worl^g are important factors, tabs are held firmly m position by the springs 
The Bedmann and Bast methods, which are By means of a cork, there is fitted in the tube 
capable of an accuracy of about 2-5%. will be another, narrower tube, to hold the Lquid nndet 
first described and afterwards an outlme giren investigation. This tube should preferably 
of modem precision methods. have a flat bottom, while the part of it which 

The Method or Beckjiann. — Essentially the projects beyond the outer jacket Is provided 
procedure is to compare the ireezing.point of the with an auxiliaryside tube, and is itself widened 
pure Bolrent and solution using a thermometer out at the upper extremity. The cork with 
that is calibrated to read differences and not which this inner tube — the freezing tube, as it 
absolute temperatures. Such differences can be may be called — is fitted carries the thermo- 
measured with much greater accuracy than the meter, and allows also fiee passage to a stirrer, 
actual freezing points, and this fact is utilised The latter is best made of thin glass rod or of 
in all ciyoscopic determinations. The thermo* nickel wire. The thermometer must be fitted 
meter baa a very open scale which covers only in an accurately central position, so that the 
5-6°C. in a length of about 20 cm. : consequently atlrrer may be moved up and down without 
it can be divided into divisions of 1/100'*. touching the bulb. 

These divisions can be subdivided by eye to At the start of an experiment the freezing tube 
1/1,000® with the aid of a special lens which is charged with a weighed quantity of the 
elides on the stem of the solvent, usually 10'20 g, and the jar is filled 
thermometer and enables with water or a mixture of ice and salt, or other 
errors from parallax to be suitable hquid, at a temperature 4-5® below 
avoided. the freezmg.potnt of the solvent under examina- 

A reservoir is attached tien. The freezing tube, with thermometer and 
to the upper end of the stirrer, is immersed directly in the jar, until the 
thermometer tube so that temperatnre haa fallen almost to the freezing 
the qnantitv of mercniy point. It is then set in the jacket tube and the 
in the bulb may t>e contents are stined regularly, while the mercury 
vaned. This permits the in the thermometer falls slowly. The fall con* 
thermometer to be used tioues until the solvent is more or less super* 
for diS'erest temperature cooled. Is the majority of esses freezing sets 
ranges and hence with in spontaneously ^fore the supercooling exceeds 
vanous solvents. The 06®, and the hteration of heat results b a 
adjnstment of the nee of the mercury in the thermometer up to a 
amount of mercury in the steady maximum posUion. This is tbe freezing* 
bulb U earned out as point of the solvent — tbo temperature at whlu 
follows. Thetbeemometer uquid and soLd solvent are ui equilibrium with 
IS inverted eo that the each other. It is advisable, when the thread is 
bulb is pomtmg vertically rising towards its steady position, to tap the 
upwards end gently thermometer before talung a reading and eo 
tapped so that the mer* avoid the possibihty of the mercury etickbg in 
cuiy in the bulb begins the capillary. Should the eupercooling i^cced 
to flow down the thread 06®, crystaUisation ought to ^ initiate. This 
and into the reservoir, may sometimea he done by vigorous etirring or, 
where it u united with better, by introducing a small crystal of the sobd 
any metal that already solvent. D. £. Kenyon and O. A, Hulett (J. 
happensto be there. The thermometer is then Amer. Chem. Soc. 1934, 56, 1649) recommend 
turned veiycarefuUyand the bulbplacedinabatb that a small glass bead wetted with the solvent 
2-*3°C. above the highest temperature at which and then qcioled in eolid carbon dioxide be used 
it is proposed to work. Provided this operation in place of the crystal, wluch is rather difficult to 
is done without vibration the mercury will introduce. A th^ method u to touch the sur* 
remain joined through the thread from the faceoftbeliquid with a thin wire which has l^n 
reservoir to the bulb and sufficient mercuiy will previously cooled in Uquid air. The freezing* 
flow into the bulb to fill it at the bath tempera* point of the solvent having been determisra 
ture. The thermometer is then given a sharp two or three times m the manner just described, 
tap with the finger which detaches the excess a weighed quantity of the solute, enough to give 
mercury in the reservoir and the thread will bo a depression of not less than 0 2®, is introduced, 
found to be at the top of the scale at the required and the freesisg-pomt of the solution is then 
temperature. If during the above operation the ascertamed in the same way as that of the 
mercuiy thread shows a tendency to break, this solvent. Subsequently additions of solute 
may be prevented, by holding the thermometer are mode and the resulting depressions deter* 
at an angle of 30® to the horizontal, instead of mined as before. One addition, it is true, 
vertically, while the mercury is flowing from the yields sufficient data for the calculation of the 

reservoir into the bulb. molecular weightofthe solute, but it is desirable 

The other essential parts of Beckmann's to ascertain abo whether the conceotmtion of 
apparatus are seen in the diagram shown above, the solute has any definite and notable influence 

A stout glass jar, holding about IJ Ltres, u on the value obtained for its molecular weight. 

provided with a metal top at the side of which is It is advisable, further, to redetermine the 
a bole for a stirrer, and in the middle of whidi fieezing-point of the solvent at the end of such a 
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series of experiments, and so obtain a guarantee 
that the zero of the thermometer has not 
changed appreciably in the course of the work. 

In the past suggestions have been advanced for 
improving the accuracy of the Beckmann 
apparatus. Many of them are now redundant 
owing to the other types of apparatus developed 
for accurate work. Consequently only those 
errors will be considered which aifeot the appara- 
tus when used for its legitimate purpose — the 
measurement of molecular weights with reason- 
able accuracy. The bulb of the thermometer 
may change slightly in volume during a series of 
experiments if it has previously been at a con- 
siderably different temperature. Ifthisisdue to 
an ageing process in the glass it is best to keep 
the thermometer temperature as steady as 
possible. When the bulb is thin pressure 
changes will affect the position of the thread 
appreciably. Barometric changes have been 
shown to have an effect of 0-0002®. The general 
precautions to be adopted for a Beckmann 
thermometer to be read with an accuracy of 
0-0005° are discussed at length by H. C. S. Sneth- 
lage (Rec. trav. chim. 1933, 52, 139). 

The temperature of the coobng bath is a matter 
which has to be carefully considered if the 
freezing-point depression for a dilute solution is 
to he correctly determined. Suppose that in an 
experiment -with the ordinary Beckmann 
apparatus the aqueous solution in the inner tube 
cools without freezing, it is obvious that the 
lowest temperature to which the solution can 
fall must be higher than that of the cooling bath, 
because of the heat conducted from the air to the 
solution through the thermometer, stirrer, and 
tube, and because of the heat generated by the 
stirring. This lowest temperature which the 
contents of the freezing tube tend to assume when 
no freezing takes place is known as the con- 
vergence temperature. The difference between 
the convergence temperature and the tempera- 
ture of the cooling bath varies, of course, with 
each apparatus ; it decreases as the facility for 
heat exchange between the solution and the 
external air is lessened, and as the rate of 
stirring is diminished. Suppose now that the 
solution under examination has become super- 
cooled, and that it has reached the convergence 
temperature. The introduction of a crystal of 
the solid solvent at this stage initiates the freez- 
ing process ; heat is liberated and the tempera- 
ture of the solution rises. - Inasmuch, however, 
as, the solution is no longer at the convergence 
temperature, there is an influence at work tend- 
ing to lower the temperature of the solution, so 
that the latter never reaches its true freezing- 
point; the maximum position reached by the 
mercury is only what may be called the apparent 
freezing-point of the solution. Sinularly, 
when the freezing-point of the solution lies 
below the convergence temperature, an apparent 
freezing-point is observed which is somewhat 
higher than the true freezing-point. In both 
cases the apparent freezing-point lies between 
the true freezing-point and the convergence 
temperature. In view of these considerations, it 
is necessary in cryoscopio work to keep the bath 
temperature as near the freezing-point as 
possible. The error is also automatically 


corrected if a value of K is determined with a 
substance of known molecular weight imder 
conditions identical with those used for the 
unknown material. 

In choosing a solvent for a molecular weight 
determination it must be remembered that 
electrolytes in water will dissociate and give low 
values, whereas many hydroxylated and other 
organic compounds may associate in benzene 
(Bury and Jenkins, J.C.S. 1934, 688). When 
there is a possibility of these complications 
determinations must be made in more than one 
solvent. Some -r ork has been done on cryoscopy 
in mixed solvents, but the results as yet are 
more of theoretical than practical significancp 
(see O. Anders, Z. physikal. Chem. 1933, 164, 
145 ; G. Scatchard and S. S. Prentiss, J. Amer. 
Chem. Soc. 1934, 56, 1486). 

For the determination of the fi-eezing-point of 
liquids which are obtainable only in small 
quantities — physiological fluids, for example — 
Beckmann’s apparatus, in its ordinary form, is 
too large. Modifications of this apparatus, 
suitable for the investigation of blood, urine, 
etc., have been suggested by various authors 
(Guye and Bogdan, J. Chim. phys. 1903, 1, 
379 ; Burian and Drucker, Zentr. Physiol. 
1910, 23, 772 ; D. Thomas, Z. ges. exp. Med. 
1933, 87, 635). In these instruments only 1-2 
C.C., or in the last 0-1 e.c., of liquid is required, 
and it is claimed that the accuracy is of the same 
order as that attainable with the ordinary 
Beckmaim apparatus. 

The Mioeo Bast Method. — ^The determina- 
tion of molecular weights by the Rast method 
(Ber. 1922, 55, [B], 1051, 3727) is likely to entirely 
replace the use of the freezing-point apparatus 
of Beckmann in the organic chemistry labora- 
tory. It has the advantage of requiring only a 
very small amount of the solute and the pro- 
cedure is simpler and quicker than -with the 
older method. 

The remarkably high values for the molecular 
depression of camphor and some related com- 
pounds -will be noted in the table on page 441(i. 
These substances have excellent solvent action 
for the majority of organic substances and the 
fact that there is now a number of them available 
enables the molecular weight to be checked in 
two or more solvents, thus guarding against 
errors due to the separation of mixed crystals of 
solute and solvent and to association of the 
solute. Essentially the method consists in 
observing the melting-points in the ordinary 
capillary tubes of the pure solvent and of a 
mixture of known composition. This determina- 
tion can be carried out in the normal fashion 
as the depression is large enough for an ordinary 
thermometer to be used for the temperature 
measurement. It is best, however, to use a good 
lens for the examination of the mixture while it 
is melting. One of two methods of procedure 
may be adopted, the first when an amount of 
the order of 0-2 g. of the substanee under 
investigation is available and, second, the true 
micro-method, which requires only a few 
milligrams. 

In the first method about O-I g. of the sub- 
stance is accurately weighed into a small test 
tube using an ordinary analytical balance. 
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Aboat ten times this smoact of camphor is then 
added, the tobe reveighed, and then sealed 
off at the blowpipe, ffhe tube is heated in a 
bath at a temperature slightly above that of the 
melting-point of camphor and shaken thoroogUy 
until sU the solute has dissolved. The tube is 
removed from the bath and shaken while it is 
rapidly cooled. Finally it is cut open and the 
contents powdered in a small agate mortar. 
Samples of this powder are placed m ordinary 
melting-poult capillary tubes and the determina- 
tion earned out m the usual fashion ; the tem- 
perature being noted at which the last trace of 
sohd disappears. The meltmg-point of the 
camphor alone is then detemuned and from the 
difference the molecular weight of the solute can 
bo found by substitution m the usual formula 
The molecular depression constant vanes with 
the sample of camphor and it is necessary to use 
a value of K that has been actually determined 
for the sample used. Benzoic acid or naphtha 
lene are the materials that are commonly used 
for standardisation. 

For the successful operation of the second 
method some knowledge of micro-chemical 
manipulations and the use of a micro balance are 
required. A capillary tube 40 mm. long and 
2-3 mm. in diameter is weighed to 0 000001 g , 
about 02 mg. of the uiikoown eubsUnce is 
placed in the dosed end of the tube which is then 
reweighed, ton times the amount o! camphor is 
introduced and its weight also found. The 
capillary is then drawn off at about 15-20 mm 
from the closed end, the glass being formed into & 
long fibre by which tbo small bulb containing 
the ehargo can be held The camphor and the 
eoloto are melted together until toe latter bae 
completely dissolved and the meltmg-pomt of 
the mnrture is then determined For details of 
these operations F. Fregl's “ Quantitative Micro 
analysis ” may be consulted (3rd ed , 1937, 
J. & A. Churchill. Ltd,). 

J. Firsch has been responsible for many 
improvements m the Hast method in recent 
years. He has desenbed a modified procedore 
to be adopted when the molecular weights of 
volatile compounds are required (Ber. 1932, 65, 
[BJ, 1227) ; also a large number of new solvents 
have been examined. These are recommended 
cfeiwis. trfAi vmt/fhtvi' 

and to be used when the substance is insolnble in, 
or decomposes at, tbe meltmg-pomt of camphor. 
The more important of these materials aro: 

Campheae, mp. K=310 (Pirsi^ Bet. 

1932, 65, [B], 862). 

BomyUmme, m.p. 190^0., K=40G (Piisch, 
Ber. 1932, 65, [B], 1227). (Specially useful for 
alkaloids and basic substances.) 

Camphorquinone mp. 190"C, K=:457 (Ber. 
1933, 66, IBJ, 815). 

cyeioPentadecanone, mp. 63 6®C., K=213 
(Giral, Anal. FIs. Quim. 1935, 33, 438). (Used 
for ozo dyes, also for sterols and derivatives.) 

Descriptions of other materials that have 
been usra will be found in the following papers 
(Ber. 1933, 68, [B), 1691; 1934. 67, {BJ, 1118; 
1925, 58, [BJ, 2388: Bui. Chim. 1920, [4J, 39, 
82 ; Rocz. Chem. 1933, 13. 720). 

j^EcisiOK Cuvoscopr. — The modem theories 
of solution require experimental results of the 


highest accuracy at considerable dilution for 
their confirmation. The precise determmations 
of recent years have all been done in develop, 
meats of a type of apparatus evolved by Adsms 
(J. Amer. Chem. 6oc. 1915, 37, 481) who used 
two Dewar vessels, ono of which contained 
400 g of ice and 600 g. of water, while the 
other had similar amounts of ice and solution. 
The mouths of the vessels were clos^ with corki 
and they were supported in a metal can which 
was neatly filled with ice. The can was closed 
With a double-walled lid which was also filled 
with ice. The eqmhbrium between ice and 
water or ice and solution required that there 
efficient circulation of the Lquid. This was 
accomphsbed by circulating pumps which were 
immersed in tho Dewar vessels and were 
operated by glass rods passing through ths 
corks and Ud. One-half the hquid was displaced 
for each stroke of tbe pump, and consequently 
equilibnum was rapidly established. Ths 
temperature difference between tho two Dewar 
vessels was measured by a 50-junction thermo- 
couple of copper constantan, tbo wire of which 
was tested for homogeneity. When the 
was read to one jmctovolt the terapcratuie could 
be determined to 00001*. After equilibrium 
bad been established some of the solution 
was withdrawn and its concentration deter- 
mined with the aid of an uterferometcr, solu- 
tione of nearly equal and known concentration 
being osed for comparison. In this way 
detensinalions were earned out with solutions ss 
dilute as 0 OC^ normal. 

F. Hovorka and W. H. Rodebush (J. Amer. 
Chem. Soc. 1925, 47, 1614) introduced tbe 
following refinements into their apparatus. 
The mecbamcal stirrerwos replaced by a stream 
of purified air which was found to give efficient 
. mixing end not cause so much heating as the 
previous methods. Also, instead ofwithdrawing 
and analpmg a sample of the Lqmd, the solution 
was made up to a known concentration anil 
cooled with the rest of tho apparatus to a 
temperature very close to that of the equilibrium 
one. Tbe solution was then added to the ice m 
, tbe Dewar ve^ael from which the water had been 
withdrawn a few moments earLcr In this way 
tbe equihbrium temperature was reached with- 
out rhntijge in Viiu whwiAtiAwi, 

of the solution. The temperature difference 
WPS measured with a 14-janctlon thermo- 
element, and improvements were introduced 
into tie circuit for measuring the potential 
and excluding parasitic E.MJ'.'t. This rendered 
it posBiblo to read the temperature with a 
pmisioQ of 0 00002°. 

Bandali and Scott (J. Amer. Chem. 6oc. 1927, 
49. 647; Randall and Vanaelow, thtd. 1924, 
46, 2418) surrounded the Dewar flasks with 
substantial metal casing which enabled the whole 
apparatus to be exhausted to the vapour pressure 
of the water, thus excluding the error that may 
be introduced by changes in the solubihty of the 
air with temperature. Tbe concentration of the 
solution was found from conductivity me&auTC- 
menta. L. Ebert and J. Lange (Z. pbysikal. 
Oicm. 1030, 149, 389 ; 1934, 168, 147) have 
introduced further improvements, their final 
apparatus being shown m the figure on p. 445. 
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A mechanical stirrer J is driven through a 
device M for preventing undue conduction of 
beat by means of the induction motor B. Since 
the armature of the motor is enclosed in the 
casing there is no need for packed joints with 
consequent leakage. The thermocouple O is 
enclosed for the greater part of its length in a 
Dewar vessel which minimises the conduction 
of heat down the elements. The concentration 
of the solution is again found by a conductivity 
method. Using a 30-junctioa thermo-element 
the temperature could be determined to 
0 - 00001 °. 

Scatchard and Prentiss have also made a series 
of careful measurements for a variety of alkali 



salt solutions. Their apparatus is not evacuated 
hut filled with nitrogen which they say does not 
introduce appreciable errors (see J. Amer. Chem. 
Soc. 1932, 54, 2676, 2690, 2696 ; 1933, 55, 4355 ; 
1934, 56, 1486. 2314, 2320 ; 1936, 58, 837). 

The lowering of the freezing-point of non- 
aqueous solutions has also been considerably 
developed. L. D. Elliott (J. Physical Chem. 
1924, 28, 611) described an apparatus in which 
liquid ammonia can be used. The design of the 
apparatus is similar to that of the ordinary 
Beckmann apparatus except that the cooling 
bath is contained in a large Dew-ar vessel and 
that arrangements are made for cooling the 
light petroleum it contains with liquid air. 
At these low temperatures a resistance thermo- 
meter is the best instrument for measuring the 
temperature. Measurements for ammonium 
nitrate and sulphurio acid in anhydrous acetio 


acid have been carried out with an accuracy of 
0-0001°C. by W. C. Eichelberger (J. Amer. 
Chem. Soo. 1934, 56, 799). F. S. Brown and 
C. R. Bu^ (J. Physical Chem. 1926, 30, 694) 
have studied the depression of the freezing-point 
of nitrobenzene by organic compounds. For 
work with cyciohexanol, see E. Schreiner, 0. E. 
Frivold and F. Ender (Phil. Mag. 1929, 8, 
669); with indene, see W. Klatt (Z. physUral. 
Chem. 1934, 171, 454) ; and with ether-alcohol 
mixtures, see A. Laiande (Compt. rend. 1932, 
195, 1267). F. GareUi and E. Monath (Atti R. 
Accad. Sci. Torino, 1926, 61, 4) have suggested 
that the cryoscopic method might be employed 
for the determination of the solubility of gases 
in organic liquids, and they have determined the 
solubility of nitric oxide and carbon monoxide 
in benzene, bromoform and nitrobenzene by 
this method. 

R. H. P. 

CRYPTAL. An aldehyde, to which the 
name cryptal was given, was stated to occur in 
the oils from Eucalyptus hemiphloia, polybractea 
and Bakeri (Penfold, J.C.S. 1922, 121, 266 ; 
Penfold and Simonsen, ibid. 1930, 403). This 
substance has now been shown by Berry, Mac- 
beth and Swanson (ibid. 1937, 986) to he iden- 
tical with the ketone, M-4-tsopropyl-A^-cycZo- 
hexen-l-one isolated from these oils by Cahn, 
Penfold and Simonsen (ibid. 1931, 1366). 

J. L. S, 

CRYPTOLITE v. Ceeium Metals and 
Earths, Monazite. 

CRYPTOPI N E, an tsoquinoline alkaloid. 

CRYPTOTAENENE. The aUphatio 
hydrocarbon, cryptotaenene, CuHjj, b.p. 67- 
68°/15 mm., df 0-8128, 1-47476, [ajj, -f 2-66° 

occurs in the essential oil obtained from Crypto- 
taenia japonica (Uimno, J. Sop. Chem. Ind. 
Japan, 1926, 29, 48). It contains three ethylenio 
linkages and gives on oxidation with ozone, 
acetone, formic and succinic acids. Its con- 
stitution has not been determined. 

J li S 

CRYPTOXANTHIN v. CABOTENOros,' 
Kryptoxanthin (Vol. II, p. 399c). 

CRYSTALLISATION. The researches 
of William L. Bragg (“Crystallisation,” Trans. 
Inst. Chem. Eng., 1927, 5, 103-109, and other 
publications) and others into the crystalline 
structure of matter have shown that in a 
crystal the molecules of which it is composed 
are arranged in a definite space lattice structure 
and are capable only of osciUatoiy movement, so 
that crj-staUine structure possesses great rigidity 
and large stresses must be applied to produce 
plastic flow. 

The spacing of the molecules in the lattice, 
although regular, is not the same in all directions 
and therefore the forces of attraction between 
the molecules will vary and result in the crystal 
possessing difierent properties along various 
axes. 

Each crystalline substance has its own 
characteristic arrangement of the space lattice 
structure and if the crystal is allowed to form 
freely it possesses a definite geometrical form 
having a fixed number of plane surfaces which 
are inclined to one another at definite and 
characteristic angles. 
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lll&ay substances sre known to adopt t«o or to the attraction of tbo molecules in tb« 
more wholly different etmctores depen^g upon Borrounding liquid. Beyond this point the Utter 
the physi^ conditions which are prevalent force becomes the greater and the molecule 
daring the growth of the crystal and are termed tends to enter the solution, but if the vibration 
polymorphic. of the molecule is not sufficient to cany it to the 

Sometimes the conditions required to produce balance point then the attraction towards the 
a change in structure are well understood and centre of the ciystal being the greater force, 
when they are apphed a ciystal is obtained which the molecule will tend to return to the surface of 
is TOifectly stable so long as the conditions, the crystal. 

such as a defimte transition temperature, are The same theory also applies to the molecules 
maintained. In other cases the conditions of the solute in the surrounding liquid which not 
governing the formation of different structures being subject to a directional movement may oc 
are obscure, the rarer structures being unstable may not come sufficiently close to the surface of 
and the crystal either dissolving in the solution the crystal to be attracted towards it. The 
or breaking into mmute aggregates of the greater the number of the molecules of solute 
commoner type. present m the solution surrounding the crystal 

With organio substances it is often difficult to the greater will bo the tendency for these to be 
decide whether the modifications in the crystals attracted to the crystal surfaces. Hence the 
of a substance are due to polymorphism or to concentration of the solution is another impor- 
isomerism, that is, permanent intra molecular tant factor in crystal growth, 
differences in structure. Other factors, in addition to the kinetic energy 

To distinguish between polymorphism and ofthemoIeculc,suchaBmter-molecuIarcolli8ions 
isomerism Sidgwick's (J.OS. 1915, 107, 672) vrhich are dependent upon the number of 
method of studying the equilibrium relatione moleculeetntheBurfacelayeT,andthepeiiodi«ity 
between the two forms and a common solvent of the vibration as well as the dissipation of the 
can be apphed, when it will he found that with heat of solution and the change in density of the 
isomerides differences will survive a process of solution affect the growing or dissolving of s 
either solution or fusion, crystal. As the attractive forces on the 

Cryslal Qrovth — If it is assumed that the molecules at the edges and comers of the 
forces of attraction between the molecules crystal towardsthecentroof the crystaluelesst 
constitutmg the crystal act along hoes jouung the amplitude of their vibrations will bo greater 
the centres of the molecules, then a diagram can than those at the interior of the plane surfaces 
be constructed showing the vectorial distnbu and therefore the tendency will be for those 
tion of the surrounding field Molecules within molecules to leave the crystal and enter the 
the crystal will be subjected to a balanced solution Hence. <)uring thegrowth ofa crystal, 
system of forces due to the attractions of the complete molecular planes must be formed on 
surrounding molecules, whereas a molecule at the surfaces, and since single molecules at the 
theiurfaeeofthecrystal wiU boactedupon byan corners edges or on the surface are held less 
unbalanced force which tends to attract other firmly adenmte degree of aupersaturatlon of the 
molecules to itself or produce a strain at the surronndmg solution is necessary to maintain 
free surface of the crystal This surface energy crystalgrowth. Before, however, crystal growth 
depends upon the number, kind and distribution can occur there must be a solid nucleus upon 
of the molecules on the plane suefaro and may which the molecules can bo deposited, 
vary for different surfaces of the crystal Nvchatton — The nucleus upon which the 
Moreover, molecules at the comers and edges of molecules are deposited to form the crystal may 
the crystal are subjected to smaller attractive consist of a small solid particle inserted in the 
forces towania the centre of the crystal hquidormayarisobyformationofsuchaparticlo 
and so cannot adhere so strongly to the m the soluiion by nn agglomeration of a number 
crystal as those at or near the interior of the of molecules of the same substance of which the 
plane surfaces. J. Willard Gibbs ("Scientific crystal will bo compo'<cd, to give a small sobd 
Papers,” London, 1906, p. 325) has indicated particle upon which the molecules can be 
that these factors supply much information on deposited. 

the mechanism of crystal growth When a The introduction of small crystals of the sub- 
crystal is immersed in its saturated solution stance to crystallised into the solution in 
and a state of equilibrium between the crystal which the gi<.47tb takes place is known as the 
and solution is attained the number of molecules seeding of the solution and is sometimes adopted 
arriving at the surfaces of the crystal from the in practice, but the commoner procedure is to 
solution must equal the number of molecules form the solid nucleus from the molecules m the 
leaving these surfaces andeoteimg the surround- mlutioa. 

ing liquid. Smee the attraction towards the centre ofthe 

A molecule vibrating about an equilibrium crystal is least for molecules at the comers or 
position along a line at tight angles to the plane ed^, if the particle constituting the nucleus 
surface of the crystal will bo subject to an consists of only a few molecules the tendency 
attractive force towards the crystal due to the for these to re enter the solution is greatly 
other molecules forming the crystal end an increased (G A. Ilulett, Z. phpikal.Cbem. 1901, 
outward force of attraction due to the molecules 37, 385), and therefore such nude: can only 
constituting the surrounding Lquid. If the form spontaneously in supersaturated solution*. 
vibration of the molecule is sufficiently large Henry Miers and hia collaborators (Pbu. 
it may reach a point termed the balance point Trans. 1903, 202. 459-523 ; Proc. Boy. Soc. 
where the attraction due to the crystal is equal 1907, 79, A, (322; J.C.S. 1900, 89, 1013, 
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1908, 93, 826) by their researches on the con- 
centration of solutions during the progress of 
crystallisation have contributed materially to 
our knowledge of the conditions under which 
nuclei will form spontaneously in a solution, 
and the requirements which must he fulfilled if 
crystals of uniform size are desired. 

Prom his observations Miers found that in 
addition to the ordinary solubility curve A, 
which divides the area between the X and Y 
axes into two portions such that if, at any 
given temperature, the molecular concentration 
of the solution is represented by a point below 
the curve A the solution will be unsaturated, 
if on the cimve A saturated, and if above the 
curve A 'supersaturated, a second curve B, which 
has been termed the supersolubUity curve, could 
be drawn which divides the supersaturated 
area of the diagram into two portions. 



The region between the saturation curve A 
and the supersolubUity curve B is one of meta- 
stable equilibrium, whilst the region above the 
supersolubUity curve is one of unstable- 
equUibrium. 

If the temperature and molecular concentra- 
tion of a solution be such that it wUl be repre- 
sented by a point in the metastable then it wiU 
be foimd that nucleation wUl not occur, but if 
such a solution is “ seeded ” then these particles 
wiU tend to increase in size but not in number. 

The metastable region therefore is favourable 
to the growth of a crystal but not to the forma- 
tion of the nucleus upon which the growth 
takes place. On the other hand, if the tempera- 
ture and molecular concentration of a solution 
are such as to be represented by a point above 
the super-solubility curve in the labUe region, 
then it wUl be found that as long as these 
conditions are maintained nucleation and 
crystal growth wUl occur simultaneously. This 
will result in a product consisting of a large 
number of crystals of varying sizes, since the 
nuclei first formed, being for a longer time in 
contact with the supersaturated solution, should 
have grown to a larger size than subsequent 
nuclei ; the smallest crystals being obtained 
from the nuclei last formed. 

The formation of nuclei by the cooling of a 
pure solution appears to be a characteristic 
quality of the molecules, for in some cases only 
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slight undercooling will cause nucleation, whereas 
with other solutions great undercooling must 
be employed before the nucleus is formed. _As 
the degree of undercooling increases, nucleation 
occurs more readily until a maximum is reached, 
but after this point intense imdercooling results 
in diminished nucleation. Since the mean 
kinetic energy of the molecules diminishes -with 
fall in temperature if this were the only factor, 
rate of nucleation would increase ■with lowering 
of temperature. Viscosity, on the other hand, 
regularly increases as the temperature is lowered, 
and it is therefore assumed that when maximum 
nucleation takes place the kinetic energy of the 
molecules and the viscosity of the solution are 
particularly favourable to the change from iso- 
tropic to anisotropic grouping. At lower 
temperatures the greater vicsosity of the liquid 
inhibits the change which is also hindered at 
temperatures above the maximum point by the 
larger movements of the molecules. 

With very rapid cooling it is possible to 
pass quickly through this point of maximum 
nucleation and reach a region where the ■viscosity 
is so great that crystal formation becomes 
impossible and when the solution will possess 
both high viscosity, great rigidity and, at the 
same time, be isotropic in character. 

The rate of nucleation is also greatly modified 
by the presence of even small quantities of 
impurities in the solution, some impurities even 
arresting the formation of the nuclei and others 
greatly increasing the degree of nucleation 
(G. Tammann, “ The States of Aggregation,” ’ 
New York, 1925, pp. 225-261). 

Rapid cooling of the solution usually results 
in the production of a very large number of very 
small crystals and industrially this is sometimes 
of great advantage as in the preservation of 
food, where in the cold storage of food large 
crystals would tend to produce rupture of the 
cell walls. 

Crystallisation therefore depends upon two 
principal factors : (a) nucleus formation, and 
(6) subsequent gro'^h of the crystal on the 
nucleus, and is employed on an industrial 
scale : 

(1) to remove a dissolved substance from 
solution ; 

(2) to separate a dissolved substance from a 
solution containing other substances ; 

(3) to produce a dissolved substance from a 
solution in a marketable form. 

(1) Removal . — The removal of a dissolved 
substance from solution can in many cases be 
effected more economically by evaporation to 
dryness and where crystallising plant has been 
installed to remove a dissolved substance its 
installation was attributable to equipment suit- 
able for complete evaporation not being obtain- 
able. 

There are, however, instances in which 
evaporation to dryness, even with modem equip- 
ment, is an uneconomical or impossible means of 
recovering the dissolved material because of a 
factor such as the operating temperature 
being too high, in such cases crystallisation has 
to be used. 

(2) Separation . — ^When the object of -the 
ciystaUisation process is to separate one 
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constituent from a eolutioQ coDtaining tsro or 
more dissolved substances no general raka can 
be given regarding procedure, for a factor of 
great importance is the solubility relationships 
of the Tanous substances present la the solation. 

(3) ProdueUon of JHarielabU Cryitali. — Hero 
the process of crystallisation is employed to 
produce from a solution, in which it haa been 
dissolved, a eoLd material for which there is a 
ready sale. 

Within recent years crystals of uniform one 
have commanded a better market than con> 
eignments of the same material in which the 
sizes of the individual crystals vaiy greatly. 
A reason for this demand is that adulteration of 
a quantity of crystals of uniform size is more 
easily detected than of a similar consignrneni 
consisting of crystals of widely varying sizes, 
because in the former case the adulterant, if it 
is not to he easily detected by the eye, must 
consist of crystals having the same colour, 
shape and size as the other crystals. 

Cri/slallmng PlanU — The production of 
crystals of a material from a aolution in which 
it IS dissolved can be effected in several ways by, 

(1) cooling the hot saturated solution ; 

(2) evaporating a solution until the con* 
centration of the dissolved substaoce is such 
that it wih either promote nucleation and mato> 
tain subsequent growth of the nuclei or mam* 
tain the growth of seeding crystals added to the 
concentrated solution. This may be earned out 
at varymg pressures either above or below 
atmospheric. Sometimes evaporation and cool- 
ing are combined in order to achieve the desired 
result; or 

(S) other methods, such as by addition of 
aatenala 't^bich alter the solubility of the 
dissolved substance in the solution, etc. 

CBYSTALUSanoB’ SY CooLorc. 

The crystallismg pan, one of the earliest forms 
of ciyatslliscts in which uncontrolled cry6tallisa> 
lion by cooling is earned out, is a long rect- 
angular trough made of matenala which will 
resist the actios of the solution fcom which (he 
crystals have to be formed or if attacked by this 
solution will not spoil tbo colour of the crystals 
obtawad. or. umj: thA y.oiiiu^, by ’’pfoavfKi. of. 

too much impurity Such tanks are often 
made of cast iron or of wood lined with lead, 
tin, zinc or other suitable metal, and provided 
with rounded comers, and having the bottom of 
the tank sloping towards the outlet. Into such 
a vessel is run the mother Lquor at such a 
temperature and concentration, which have 
been previously determined for tbo particular 
solution, as mil yield the best results. When 
coolmg is complete the Lquid is run off and 
the crystals which aro usually adhering to 
the sides and bottom of the tank removed by 
hand or mechanical scrapers. Sometimes 
threads or wires are suspends from rods placed 
across the tanks upon which crystals are formed, 
although when threads are used then entangle- 
ment, produced by convection currents in the 
dooUng liquid, often results in large crystals of 
veiy irregular shapes. Often, too, with this 
method of ciysfalLsation, irregular crystals are 


produced by the convection currents carrying 
very small crystals to the surface of the hquiS 
where they are supported by the surface tension 
of the liquid until they have grown so Irrge 
that their weight is greater than this supportm'* 
force. During the time that they are thus 
suspended those surfaces of the crystal nbich are 
completely submerged in the liquid will groa m 
a normal manner, whilst the growth on the 
other surfaces which are not completely m 
contact with the liquor will be abnormal. 
The shape, therefore, of such a crystal will not 
be regular. 

Since in the crystalhsing pan described above 
the cooling is effected by (a) evaporation at the 
free surface of the liquid or (6) by conduction 
through the walls of the vessel, and the tem- 



perature gradient across the walls is chiefly 
mamtained by the natural convection currents 
set up within the Lquid as it coob, the cooUng 
m this manner is very slow. To increase the 
loss of heat ftom the sides of the vessel and so 
increase the rate of cooling mechanical agitation 
IS often employed. Such a plant for un- 
controUed ciystalhs&tion by cooling shown in 
Fig 2, consists of a cylindrical vessel with an 
inverted conical base at the lowest point of 
which IS fixed the outlet valve and pipe. 

Within the cylinder is an agitator e corned by 
a shaft a driven by bevel ceanng mounted on 
the cover ot the ciystalliser which is also 
provided with an inlet for the mothec Lquor, 
a pressure gauge and atmospheric valve, whilst 
if the solvent is a valuable or harmful material 
on opening can be arranged for the removal snd 
recovery of the vapour. Since the crystals 
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usually form on the inner surface of the cylin- 
drical shell and reduce the flow of heat from the 
vessel. Fig. 2 also illustrates a method, 
namely, by attaching brushes or scrapers/ to the 
agitator, of preventing this increased resistance 
to the flow of heat through the cylindrical walls. 
The lower portion of this crystalliser is also 
provided with a jacket through which a cooling 
liquid can be circulated, and if a highly con- 
centrated solution has to bo cooled a strong 
agitator must be fitted, and in some instances 
means provided for the removal of the crystals 
shortly after they are formed. 

Another crystallising apparatus, the Passburg, 
suitable for producing low temperatures such 
as are used in the formation- of crystals of 
potassium chlorate, is shown in Fig. 3. In this 
plant the mother liquor enters the left hand 
crystallising vessel through the pipe K. This 
vessel is provided with a jacket through which 


the cooling liquid circulates and to maintain a 
high coefficient of heat transmission is fitted 
internally with a set of revolving brushes, J, 
which remove the crystals from the cooled walls. 
They then fall into the conical base of this cooler, 
from which they can he discharged through the 
valve L into the centrifugal. The cooled mother 
liquor leaves near the bottom of the vessel, and 
passing upwards through the inclined pipe M is 
discharged into the right-hand cooler I). Into 
this cylinder is fitted a spiral coil C, the lower 
end of which is coupled to the cooler B, which is 
connected with the pressure side of the com- 
pressor A. The outlet of this coil is at the top 
and is connected by the pipe E with the suction 
valves of the compressor; the coil, cooler, and 
compressor thus constituting a refrigerating 
system. Brushes arranged on a central shaft 
which is rotated through suitable gearing P 
fixed to the cover of this vessel remove the 
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crystals from the surface of the cooling coil. 
A conical cover is fitted at the bottom of this 
cooler which collects the crystals removed from 
the cooling surface. By opening the valve G 
at the lowest point of tliis cover, these erystals, 
together with some of the mother liquor, can 
enter the centrifugal where separation is 
effected. The cold hquid leaves this eooler at 
the bottom and passes to the bottom of a smaller 
cylinder, H, also fitted with a eonical base, 
having a valve at the lowest point. Whilst 
slowly ascending this cylinder some crystal 
growth occurs and this crop of crystals together 
with some mother liquor is, at regular intervals, 
discharged into the centrifugal. On reaching 
the top of this cylinder the mother liquor passes 
through a pipe into the foot of the jacket of the 
first cooler. After ascending this jacket and 
thereby cooling the incoming liquid this cooling 
solution leaves the crystalliser by the pipe N. 

The crystallisers described above operate 

VoL. III.— 29 


intermittently and are sometimes designated 
b.-itch crystallisers, but there are others, which, 
still adopting the principle of cooling the 
solution, operate continuously. 

Sometimes cr^'stalhsers belonging to this 
group consist of a trough having a semi- 
cylindrical base and fitted with a spiral agitator 
mounted on and driven by a shaft the axis of 
which coincides with the axis of the trough. 
In another type of uncontrolled crystaUiser the 
hot concentrated’ solution is run into a shallow, 
rectangular tray. Dipping into this tray is a 
hollow cylinder with its axis horizontal. Through 
the trunnions supporting this cylinder pass 
pipes for the 'admission and removal of the 
cooling liquid. By means of a baU-valve the 
hot concentrated solution in the tray is kept at 
such a level that the rotation of the drum causes 
its outer surface to he covered by a thin film of 
liquid from the tray. Contact with this cooled 
surface causes the crystals to form on the surface 
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of the drum firom vhich they are removed by 
scrapers or doctors placed as shown in Fig. 4, 
which gives an end view of the film or dipping 
drum type of crystalliaer which is continuons 
m operation. The examples given illustrate 
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the main features of crystalliaing fdants for 
uncontrolled ciystalhsation by cooling. 

Another continuous crystalliaer employing 
this prmciple u represented by the Swenson 
Walker cryatalliser. Fig. fi, which consists of an 
open trough havmg a semi cylindrical base 
and placed with its axis horizontal. The axisof 
the trough comcides with the axis of a shaft B, 


which extends the whole length of the trough 
and carries the worm or nbbon conveyor C, 
heu^ driven by means of a worm and worm 
wheel D supported on the end at which the hot 
solution is admitted. Surrounding the lower 
portion of the trough is a jacket E through 
which the cooling bquid can circulate. Th^e 
ciystaUisers are usually made in sections 10 ft. 
long, four sections being bolted together to 
produce a trough 40 ft. in length. The outlet F 
of the jacket of one section is connected by an 
inverted U tube, G, to the inlet of the next 
section. H, the process being repeated until all 
the jackets are connected ui senes. Counter- 
current flow of the hot solution and the coohng 
bquid is thus assured. The end plate of the last 
ee«tion is fitted with a weir, K, over which the 
cooled bquid and crystals flow, either into a 
centrifugal machine if crystalbsation has been 
completed or m series through one or more 
eimilar crystalbsers if further cooling is desired 
before the solution and crystals formed art 
finally separated usually by centrifuging A 
vanant of this type of crystalliscr sometimes 
adopted is a long tube wluch is mounted and 
driven in a similar manner to a tube mill. The 
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hot solution enters at one end and the cooled trough the solution, which is admitted at 
solution leaves at the other, a stationary screw the highest point, in its passage through the 
conveyor or plates arranged spirally on the crystailiser must follow a sinuous path before it 
inner surface of the tube being employed to reaches the outlet placed m the lower end 
move the crystals to the outlet end plate. 

Rotating conveyors in these crystalbsers unless Rocking of these crystalbsers is effected by 
carefully adjusted are bablo to break a number suitably controlled hydrauho rams or by 
of the crystals thus forming additional 
nuclei and so give an output of crystals 
of varying sizes. 

In an attempt to reduce this 
attrition of the crystals to a minimum 
and so produce a uniform product, tho 
Wulff and Bock or rocking crystaHiser 
has been developed. 

Such a machine consists of a long 
trough up to 100 ft. in length and sup- 
ported BO that its axis is sbghtly 
inclmcd to the horizontal. Fig. 6 
represents a ^iew of such a crystaUiscr 
and shows the rockers or rmgs, the 
rollers which support them, and the 
bracing between the trough and the 
rockers and each pair of rockers. The 
trough is designed so that as it is 
rocked to and fro the solution will 
not be ejected over the edges and is Fro. 6. — Wulff and BocTc Cryatalliser. 

fitted with aseries of transverse vertical 

bafile plates which divide the length of the electncally driven rocking gear. SpeeiaUtten- 
trough into a Bcnes of compartments. As these tion should he ^ven to the strength of the 
partitions do not extend across the trough, machine because at the points of reversal of 
but are arranged to provide opemngs alter- rotation large BtresBca can be set up in the 
nately on the right and left hand sides of the stmeture. 
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Another crystalliser in which crystallisation ia 
effected by cooling a satnrated solution whilst in 
motion is the Howard Crystalliser, of which 
Fig. 7 represents a diagrammatic view. This 
apparatus is formed of three truncated conical 
vessels placed one above the other and having 
their axes in line. The lower two vessels are 
provided with jackets, whilst in the upper 
vessel there is a coiled tube. The saturated 
solution is admitted to the lowest vessel B 
through the pipe A, and after filling this vessel 
rises into the middle vessel D through the short 
tube C. 

Inside this vessel is another conical chamber, 
E, within which is a pipe, for the removal of 
cooling liquid, which extends nearly to the 



bottom of this vessel. The taper of this conical 
vessel is such that in the ascent of vessel D the 
sectional area of the annulus formed by these 
two vessels continually increases. In this way 
the velocity of the liquid rising in vessel D is 
being continually reduced and so only crystals 
of a definite size are capable of falling into the 
vessel B. Cooling liquid is admitted to the 
jacket of vessel I) at F, and removed at G, 
whilst the cooling liquid for vessel E is admitted 
at H and removed at K. On reaching the top 
section, L, crystal growth is stopped by circulating 
a hot liquid through the coils which heats the 
surrounding liquid before it flows over the weir 
fixed at the top of this vessel and so reaches the 
outlet M. Hot liquid is also circulated through 
the jacket of vessel B, entering at N and leaving 
at P, and this maintains the temperature of the 
liquid in B at such a point that no further 
growth can take place on the crystals in this 
vessel. The lower end of B is connected to a 
salt box or boot of an elevator by which the 
crystals can be removed from the plant. 


Formation of crystals by hot solutions can also 
be effected by forcing the solution in the form of 
a fine spray into a cooling tower or by making 
the solution fall in the form of drops through a 
current of cold gas or air which is drawn through 
a duct (“ Der Chemie Ingenieur,” vol. 1, part III, 
pp. 203, 204). 

Chystaujsation by Evapobation. 

An early type of plant for this purpose 
resembles the tarrk crystalliser used for un- 
controlled crystallisation by cooling, but in this 
case the tank is arranged in a brickwork setting 
so that hot gases from a furnace placed in the 
setting at one end of the tank can pass over the 
walls and bottom of the tank and heat its 
contents. Sometimes these tanks are provided 
with a series of parallel tubes placed near the 
bottom of the tank and fixed between the end 
plates of the tank through which the hot gases 
from the furnace, placed at one en(\ of the tank 
can pass on their way to the chimney. During 
both the cooling and evaporating methods 
employed in crystallising pans, vapour is evolved 
at the free surface of the liquid and if stfll air 
conditions are maintained, above the pan, the 
following formula, devised by J. W. Hinchley, 
enables the rate of evaporation of the solution to 
be determined : 

where W= weight of liquid evaporated in 
kilograms per hour per sq. metre of surface of 
the liquid ; pe=vapour pressure of the solution 
in mm. of mercury at the temperature under 
consideration ; yi(j=pressure of the aqueous 
vapour in the atmosphere of the factory ; and 
A=constant, depending on the solution under- 
going evaporation. 

If air currents are directed over the free 
surface of the Uquid then the work by 
Hinchley and Himus (Trans. Inst. Chem. Eng. 
1924, 2, 67) and other workers (Himus, ibid. 
1929, 7, 166 ; Powell and Griffiths, ibid. 1935, 
13, 175) shows how the evaporation can be 
determined for a given set of conditions. 
With this type of crystalliser the movement of 
the liquid is largely due to convection currents, 
and therefore the growth of small crystals, which 
are retainecT at the free surface by the surface 
tension of the liquid, will not occur in a regular 
manner. 

Evaporators can be used to concentrate the 
solution, which may then pass into a cooler, or a 
vacuum pan, where the crystallisation is carried 
out, or the arrangement may be such that the 
crystals are formed in the evaporator or separa- 
tor of the plant and are subsequently withdrawn 
after the removal of the surplus mother liquor. 
Usually the latter type of plant is referred to as a 
sailing evaporator and has a special field in the 
production of fine-grained crystals. 

When evaporators are used to concentrate the 
solution either for the coolers or vacuum pans 
any of the different types of heating may be 
employed, but in the salting evaporators vertical 
tubes are used in the heating element. The 
commonest forms, are a series of vertical tubes 
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CTtendinj; between two tube plate** with & large 
centnl downcomer, the basket tjT® heater, 
and the indjvjdual heater or calandria of the 
cLmbmg him tjTw. In the first tno types the 
lower cover attached to the evaporator ehcU ia 
conical and its lowest point connectol wjth the 
device for removing the crystals- Sometimes 
when a central downcomer is emplojcd forced 
circulation of the liquor in the evaporator la 
produced by means of a propeller placed at or 
near the bottom of this tube In the conical 
base below the heaters is a region m which the 
solution is comparatively quiescent and in 
which growth of crjstols can proceed until they 
are able to fall into the receiver Tfben a 
separate calandria or heater is cmplojrcd the 
hot liquor has to he discharged into a separator 
where the vapour produced durmg its passage 



through the heater or generated from the super 
heated liquor by the reduction in pressure. » 
separated from the liquor. At the bottom 
of tills separator means arc provided for the 
recovery and removal of the crystals produced 
and the return of the liquid to the calandnafor 
fiiithcr heating. 

An important development in tho subject of 
cr\ stallisation bv evaporation was pabli^cd m 
Chem Trade J. anu C. Eng. Jan. 16, 1925. 
when a crjstalliser developed by the A. S de 
T.orske Saltverker of Bergen for the production 
of coarse grained salt ior fishery work was 
described. 

I'lg. 8 illustrates diagratnmatically the early 
form of this crjstalliscr. In this arrangemrat 
of the plant the solution is drawn through the 
heater A by the pump B and forced through the 
valve C m(o the bottom of tho chamber D. 


At the bottom of this chamber la a perforated 
plate upon which a quantity of crystals nave been 
placed. Ihmng its passage through the heater 
the hquid becomes superheated due to increased 
pressure produced by the increase in tho head of 
the liquid and no vapour is generated until it is 
near to the free surface of tho hquid in D. If 
tho solution is saturated tho evolution of vapour, 
which escaiws through E, causes the remainder 
of tho liquid to become supersaturated. Part 
of this again passes through tho heater and 
IS again superheated, the cycle being thus 
continuous Thus the crystals on the perforated 
plate arc always m contact with a super- 
saturated solution and will increase m size 
Moreover, tho liquid from the centrifugal moving 
upwards will keep these m suspension until they 
attam such dimensions that they can overcome 
tho upthrust of the rising liquid, when they will 
fall into the tubo F connected with the shoo of 
tho bucket elevator G, by which they are 
removed from the crystalliser. Liquid is f^ 
ooDtiouously to the ciyataUiser through the pipe 
if, and by adjusting the valves on tho pipe H 
and the discharge from the centrifugal pump C, 
the upward flow of liquid in tho pipe F and 
through tho perforated plate can bo reflated so 
that only ciystals of a definite size fall into the 
ahoe of the elevator. 

An altcroative method of removing the 
ciyetals, employmc crystal boves, Is shown at K. 
If desu^ several of these can bo arranged 
eo as to remove the crystal from several points 
loond the perforated plate. Here ogam the 
feed which is admitted by the pipe L provides 
the upward flow which regulates the sue of 
cryetal entering the box. When several boxes 
are employed, then by closing the feed valve 
and the valve M and opening the valve N 
the crystals can bo discharged from each box in 
turn and thus produce the minimum disturbance 
in the running of the plant 

The bucket elevator and the crystal box are 
two common methods of removing the crystals 
from eolting evaporators. When the bucket 
elevator is used tho casing enclosing the buckets 
must be liquid tight and must extend to such a 
height that the hydrostatic pressure produced 
by the bead of cool Lquid above the bottom of 
Ibe eboc wdl always bo equal to tbe pressure on 
the free aurfaco of the liquid plus the pressure 
due to the height of the hot liquid measured 
from the same datum lovcl Two or more 
crystal boxes are usually provided, so thst 
whilst one is being emptied of its crystals the 
crystals which arc being formed can collect in 
tho others. 

A modified form of the crjsfalliaer shown in 
Fig. 8 ia the Jeremiassen or Oslo crystalhscr 
(J II. Perry, “ Chemical Engmeenng Hand 
book,” 1034, 1484), Fig. 9. In this plant tho 
liquid, after being superheated m its downward 
passage through the hector A is forced by tbe 
centrifugal pump B into the vessel C, where 
evaporation takes place as the result of tbe 
reduction m pressure. 

Removal of solvent from a saturated solution 
at this point results in tho solution bccominC 
supersaturated and tins fills by the pipe B 
into tho crystalhscr E. As the lower end 



CRYSTALLISATION. 


of the pipe D passes through a perforated 
plate fixed near the bottom of the crystalliser 
and upon which the seed crystals are supported, 
the supersaturated solution discharged hy D 
must by its upward passage through the plate 
maintain the crystals thereon in suspension 
until they attain such dimensions that they can 



Fig. 9. — Jeremiassen or Oslo Crystalliser. 

fall against the ascending stream on to the 
perforated plate. On opening the valve G 
these crystals enter the crystal box F, and can be 
withdrawn from the crystalliser whilst the 
solution rising to the top of the crystalliser 
again is superheated by passing through the 
heater A. Liquid is supplied to the crystalliser 
through the pipe H, the feed being either of a 
continuous. or intermittent nature. 

Crystallisation under Reduced 
Pressure. 

In some industries, notably the sugar industry, 
the concentrated hquid is pumped into a 
vacuum pan where the final water is evaporated 
under reduced pressure and the crystal formation 
effected. 

Vacuum pans closely resemble evaporators, 
the heating elements being either coils or one 
of the various types of tubular heaters. Syrup 
fed to these vacuum pans has a high viscosity. 
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so that it becomes practically impossible for the 
crystal of sugar to settle in the liquor and there- 
fore special attention must be given to maintain- 
ing good circulation of the liquid in the pan. 

When coils are used for heating the. liquid 
the spacing between the top coils should be 
greatest and gradually diminish in the lower 
layers. Heaters having large vertical tubes also 
materially assist circulation, whilst an essential 
feature of such pans is a downcomer of ample 
cross-sectional area. 

Another important factor in operating such 
pans is the vacuum, for it is generally conceded 
that a high vacuum results in crystals of soft 
grain whilst hard grain crystals are obtained if a 
low vacuum is employed. Usually in the sugar 
industry the working pressure in the vapour 
space of the vacuum pan is below 3^ lb. per sq. 
in. absolute. If the viscosity of the saturated 
solution is low, then in crystallisers of this type 
small crystals are produced because the crystal 
once formed tends to sink rapidly through the 
solution. To produce large crystals in such a 
plant the problem is largely to maintain these 
small crystals in contact Svith the supersaturated 
solution for suflScient time to allow of their 
growth to the size required. 

In the vacuum crystalliser, however, another 
principle is involved. If a saturated solution at 
a temperature corresponding to its boiling-point 
at atmospheric or higher pressure is admitted 
to a vessel within which there is a lower pressure, 
the solution will be at a higher temperature than 
a similar solution boiling at the lower pressure 
This superheated liquid will fall in temperature 
to the boiling-point of the liquid at the lower 
pressure and the heat thus rendered available will 
cause some of the solvent to vaporise. The 
remainder of the solution will therefore become 
supersaturated and crystahisation or crystal 
growth will occur. Such a method cools the 
solution without transferring the lieat to be 
dissipated through the walls of the container, 
and can be used for cooling nearly all aqueous 
solutions and many solutions in which organic 
solvents are employed. Condensation of the 
vapour evolved in a suitable condenser main- 
tains the requisite pressure in the crystalliser 
and allows the solvent to be recovered. This is 
particularly advantageous when organic solvents 
are employed, especially in large-scale opera- 
tions. Fig. 10 (Griffiths, Chem. Eng. Group 
Proc. 1924, 6b, 9) illustrates a vacuum 

crystalliser of the rocker type, the hot saturated 
solution being admitted by a pipe passing 
through the end plate at the higher end, whilst 
the cooled solution together with the crystals 
are removed through suitable openings in the 
lower end plate. Connections are also provided 
on this plate for the removal of the vapour 
evolved. 

Another vacuum crystalliser (Badger and 
McCabe, “ Elements of Chemical Engineering,” 
1931, p. 418) is shown diagrammatically in 
Fig. 11. Here the hot saturated solution enters 
at A into the vessel B in which the pressure is 
less than atmospheric and as a result an amount 
of vapour is evolved which is removed through 
C to the condenser or vacuum pump bj’ which 
the reduced pressure in B is maintained. The 
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sapersaturated solutioa thus formed permits of I of tlrf mother liquor so the rate of evaporation 
crystal growth and the rapid evolution of Tspout I or rato ofcoobng or both must be progressively 
from the cDtemig solution keeps the bqu^ in I incretfS^ crystals grow in size. 

Let tfi=raean dimension of the 
amatl ciystala; df=mean dimension 
of the larger crystals grown from 
the smaller; n=number of faces on 
each crystal; N=number of crystals 
under consideration; Si-^total sur- 
face of the small crystals; Sj^total 
surface of the large crystals; 
so=vreight of material crystallised 
per unit area of surface per unit time. 

With controlled crystallisation the 
crystals increase in size but not in 
number, so that N is constant. The 
mean dimensions of the crystals are 
such that Tidj* equals the surface of 
one of the small crystals and the 
surfaceof the large crystal. 

Total surface of small crystals 

Total surface of largo crystals 
,=S,=Nrfj*n. 

the bottom of B sufficiently agitated that a> 
certain amount of growth must occur before 
the crystals are capable of falling through the 
barometnc leg D and into the vessel E. All 
the time that the crystals are descending 
the tube D, they remam in contact with the 
supersaturated solution. On reaching the 
bottom of E the solution snd crystals are trans 
ferred by the pump F to the settler Q, and from 
thence to one or other of the centnfugal machines 
H fot final separation of the crystals from the 
mother liquor. The overflow from the settler 
and the discharge from the centrifugals are 
returned to the vessel E, wUch is provided with 
an outlet K for mother liquor tK« from crystals. 

OTBTB UETSODa. 

Since crystal formation depends upon first, 
either the formation of nuclei or the addition of 
small seed crystals to the solution and, secondly, 
keeping the concentration of the solution at the 
working temperature in the metastable region if 
crystal size is the object or in the sapereaturated 
region if fine crystals of varying sacs arc 
desired, any metfa^ such as the adsorption of 
the solvent or the addition of some material to 
the mother Lquor which dimmuhes the solubthly 
of the substance, which it is desired to crystallise, 
in the solvent are means by which crystal 
formation can be effected. The addition of 
impurities to the mother liquor, however, even 
in small quantities affects materially both the 
rate of crystal formation and the rate of crystal 
growth. 

As impurities inhibit the growth it is usual 
therefore in industrial practice to prefer one or 
other of the three methods outlined above as the 
principle upon which the crystaUiser operates, 
rather than by introducing impurities to change 
the solubihty of the dissolved material in the 
solvent. 

CoJID^^o^3 DUKTKo Crystai. Gbowtii 

If the rate at which the material is deposited 
on the faces of the crystal is to be kept coiutuit, 
it is necessary to maintain the same concentratHm 


Weigut ot material removeu per 
amalJ crystals »«>Nd,*n. 
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Weight of material removed per imit time by 
large crystals=toNd 2 ^- 

This shows that for a constant rate of deposi- 
tion on the crystal surface much more material 
will be removed from the solution by large 
crystals than by small crystals in the same 
time ; therefore the rate of cooling or the rate of 
evaporation or both must he progressively 
increased with the size of the crystal if the 
concentration of the solution is not to fall 
rapidly to the saturation line when further 
growth becomes impossible. 

S. G. M. U. 

CRYSTOLON (CARBORUNDUM) v. 

Abhasives. 

CUBAN ITE. A copper ore with the 
composition CuFejSj (Cu 23'4%). It is usually 
massive with a brass-yellow or bronze-yellow 
colour and intimately intergrown with chalco- 
pyrite, pyrrhotine, etc. Sp.gr. 4'1, hardness 
3J. The mineral was first described by A. 
Breithaupt in 1843 from Barracanao in Cuba 
(hence the name), and soon afterwards recog- 
nised from Tunaberg in Sweden. It was 
long regarded as a rare mineral, supposed to be 
cubic in crystalh'sation, until polished sections of 
ores came to be examined by the metaUographio 
method, when it was foimd to be of wide 
distribution. It was also found to be aniso- 
■tropic, and therefore not cubic, and was 
identified with the small orthorhombic crystals 
of the same composition from the Morro Velho 
gold mine in Brazil, which E. Hussak in 1902 
named chalmersite. Large'r crystals have since 
been found at Sudbury in Canada (M. A. Peacock 
and G. M. Yatsevitoh, Amer. Min. 1936, 21, 
65). 

L. J. S. 

CUBEBOL. The sesquiterpene alcohol, 
cubebol, C^jHjsO, m.p. 61-62°, occurs in oil of 
cubebs (Henderson and Robertson, J.C.S. 1930, 
1908). It yields a phenylurethane, m.p. 186° and 


an a-naphihylurelhane, m.p. 197-198-5°. Its 
structure has not been determined and it does 
not appear to be identical with cubeb-camphor 
examined by Blanchet and Sell, (Annalen, 
1833, 6, 294). 

J. L. S. 

CUBEBS, ESSENTIAL OIL OF. The 
oil distilled from the dried, full-grown, unripe 
fruits of Piper cubeba Linn. (Earn. Piperaceaj), a 
tree indigenous to the Malay Archipelago, 
chiefly Java and Singapore ; yield 10-15%. 
Other piperaceous fruits resembling cubebs 
are sometimes found in commerce. 

Constituents. — ^Pinene, dipentene, and cadin- 
ene have been detected, and a sesquiterpene 
alcohol cubeb-camphor (m.p. 67°), which is 
sometimes separated from old oils. The blue 
colour is probably due to the presence of 
azulene. 

Characters. — A greenish or greenish-blue oil, 
sp.gr. 0-910 to 0-930, optical rotation —25° to 
-40°, ref. and. 1-486-1-500. Soluble in 10 
volumes of 90% alcohol. 

C. T. B. 

CUCUMBER. The fruit of Cucumis 
sativus Linn. The composition of the 

cucumber varies particularly with size and with 
growth conditions, notably the level of supply of 
nitrogen to the roots (Dearborn, Cornell Agrio. 
Exp. Sta. Mem. 1936, No. 192). Heinze (Z. 
Nahr.-Genussm. 1903, 6, 529, 577) records the 
following analyses : 

Other 

Pro- Glu- Cane carbohy- 

Water. teln. Fat. cose, sugar, drates. Fibre. Ash. 

% % % % % % % % 

Small 96-6 0-81 0-09 0-00 0-10 1-44 0-58 0-34 

Large 95-8 0-67 0-09 0-66 0-09 1-60 1-65 0-42 

Dearborn (l.c.) shows the composition of the 
whole plants on a somewhat different basis (as 
percentage of dry matter) : 



Stems. 

Leaves. 

Fruits. 

Soluble solids 

% 

23-6-26-7 

% 

15*2-22’8 

% 

58*9-58*3 

Soluble N ■ . 

0-212-0-562 

0-151-0-365 

0-304-0-710 

Insoluble N 

0-794-1-349 

1-50-2-97 

0-961-0-994 

Amino- N 

0-050-0-098 

0-025-0-073 

0-102-0-245 

Amide- N 

0-019-0-020 

0-011-0-020 

0-030-0-049 

Nitrate- N 

0-026-0-250 

0-018-0-077 

0-034-0-021 

Lipin- N 

0-003-0-000 

0-027-0-064 

0-004-0-041 

Residual N 

0-014-0-193 

0-074-0-139 

0-133-0-252 

Reducing sugars 

8-12-4-15 

1-36-1-95 

47-9-45-1 

Non-reducing sugars 

1-10-1-23 

0-12-0-10 

0-29-0-00 

Starch 

6-81-4-58 

2-25-0-34 

1-61-1-72 

Acid-hydrolysable polysaccharides 

2-99-2-89 

12-01^-81 

2-79-2-65 


Of the two figures given for each value the first 
refers to plants gro-wn with a restricted, and the 
second to those groavn with a generous, supply 
of nitrogen in the soil. According to M. 
Kitahara (J. Agric. Chem. Soc. Japan, 1936, 
12, 595) the principal sugars are glucose and 
fructose. In hot water extracts of the fruit 
Yoshimura and Nishida (J. Chem. Soc. Japan, 
1924, 45, 49) found adenine, trigonelline, and 
arginine. 


Analysis of cucumber seeds is reported by 
Einhorn et al. (Maslob. Shir. Delo. 1929, 45, 44) as 
water 8-0, protein 29-7, fat 31-5, sugars, starch, 
etc. 1-9, pentosans 4-7, cellulose 13-9, pectins 
0-6, phytin 1-1, lecithin 2-6, ash 3-9, 

2-25%. The oil contains fatty acids, com- 
prising stearic acid 3-72, palmitic acid 6-8, 
oleic acid 58-5, linolic acid 22-3%, and exhibits 
the following characteristics : djj 0-9251, 
ref. ind. 1-4761 (25°), solidifying pt. —3-5°, 
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saponiCcation value lOl-I, iodine valae 115 3, 
Reichert-SIeissl value 0 5-1 05, PolensVe value 
0 87, acetyl value 16 0, acid value 3 5-10 7. 

The composition of the ash of ciicumbera 
vanes considerably with the mvnner and 
locality in which they are grown. The following 
data are representative v^ues : 

K,0 NjjO C»0 MiO Fe,Oj 

3861 4 95 0 4-7 0 3 2-^5 o'! 

PjOj SOj StO, Cl 

13'-19 5 5^6 5 12-8 0 6 4-9 2 

Small proportions of manganese, copper, and 
zinc are also recorded by various analysts 

A G Po 

CUDBEAR. A purplish red powder em 
ployed as a colouring agent, obtained by digest- 
ing JJocclla lichen with iniraonia 
CULLEN EARTH or COLOGNE 
EARTH. A variety of brown coal or lignite, 
of limited use as a pigment 
CUMENES, C,H,, The name cumene, 
originally given to iMjnopjlhenzene to indicate 
its connection with cuiaic acid, from v»hich it 
was obtained by distillation with lime, is 
frequently used as a generic term including 
any of the isomeric benzene hydrocarbons of the 
formula CjHjj Theory predicts the existence 
of eight of these, all of which have been found 
in coal tar oil 

Propyibenpsnes —(1) ^’■on^^±L Propvl- 
arNZENfi (n cumene), C»H, CH, CH, CH, 
R'Propylbenzene may be ootained by the 
genesal methods appLcable to the formation 
of alkyl benzenes It is conveniently prepared 
(70-75% yield) by the action of dietayl sulphate 
on an ethereal solution of PhCH,Cl {“ Organic 
j Synthesis," New York, 1925, vol 4, p 69). 

' cyclohevsno with platimsed charcoal at 

200'C. IS converted to a mivture of propjleyclo 
hexane and propylbcnzene (L^ina and 
Tzunkov, J Gen. Chem. Russ 1934, 4, 1250). 
The equilibrium : 

CgHjCH, CH,CH,+3H, 

?i=CgH,iCH,CH, CH, 

in the presence of a palladium catalyst has been 
investigated (ibid. 1933, 3, 718) 

Propylbcnzene (bp. 157®) has normal aro- 
matic reactivity. Also it is interesting that 
it reacts with carbon tctrabromide giving 
CgHj-CHBr C,Hj (Hunter and Edgar, J 
Amer. Chem. hoc 1052, 54, 2025), and with 
chromyl chlondc, giving a double compound 
that on decomposition with wateryicWs benxyl 
methyl ketone (von JliUer and Rohde, Bcr. 1890, 
23, 1070). Vigorous oxidation converts propyl* 
benzene to benzoic acid. A number of papers 
on the nitration of alkyl benzenes studied from 
the point of view of modem electronic theories 
have recently appeared in the Journal of 
the Chemical Society ; p I’aopropyllolucne— Le 
Tevre, 1933, 980; p-ethy Itoliiene— Brafly and 
Day, 1931, 114; Ji-propylbenzene — Brady and 
CuniMOgham, 1031, 121; p ierS-butyttolucnc — 
Brady and Lahiri, 1934, 1954. 


(2) i«oPbopi.xbexzenk (Cumene). — P orflig. 
fion. Cumene may bo synthesised by many 
general methods It may bo prepared by the 
action of isopropyl sulphate on phenyl mag- 
nesium bromide (Bert, Compt. rend. 1023, 178. 
840), by condensation of isopropyl alcohol and 
benzene in the presence of concentrated sulphurio 
a«d (Meyer, Monatsch, 1929, 53, 54, 721) and 
by condensation of isopropyl chloride and 
benzene in the presence of a httle alumiaium 
chloride (Radziewanowski, Ber., 1895, 28 1137). 
It IS also readily obtained by boiling 1 part of 
p cymene, 10 parts of benzene, and 0 05 part of 
alununium chlondo for 10 hours, washing with 
water and fractionating (Bcocltker and Halse, 
Bull. Soc. Cfum. 1916, [iv], 19. 447) : 

C4H4MePr^+C,Hg-*-CgHjMe-hCgHsPr^. 
Cumene is formed with other propyl benzenes 
by the alkylation of benzene with propylene 
using various catalysts, e g HjS 04 or H,P 04 
(U S P. 2006541) or BFj (Nieuwland et al, J. 
Amer Chem Soc. 1035, 59, 1547) Cumene is 
produced when the vapours of certain terpenes 
are passed over heated metals (Ni, Cu) (Sabatier 
et al. Compt rend 1919. 188, 671; 1919, 
162, 929). It occurs iil coal tar (Schultz, Ber. 
1910, 43, 2517) and in American petroleum 
(Mabery end Dunn, Amer Chem J. 1890, 
18. 215) The preparation of cumene from 
propyl bromide, benzene, and aluminium chlor- 
ide, and that of cymene from p bromotoluene, 
normal propyl bromide, and sodium (hittig, 
SchSfer, and Kbnig, Annalen, 1809, 149, 831) 
uas for a long time the cause of great confusion 
m ascertaining the constitution of members 
of the cumene and cymene groups, as it w as not 
reahsed that in each case the propyl- group 
changed into the isopropyl* group owing to the 
temperature of the reaction not being regulated. 

Cumene has bp. 152 6*-162 8*/759 mm , if]* 
0 8C2. With Urt butyl alcohol and concentrated 
Bolphimc acid cumene yields fert bulykumene 
(H Barbier, ]4i&me Congr6s dc Ciumie Industn- 
eJlc, Pans. Oct 1934). Vigorous oxidation of 
cumene yields benzoic acid With chromic acid 
or permanganate in glacial acetic acid, phenyl 
dimethyl carbinol is produced (Bcedtker, 
Walt. Sot. ^c/rri. ‘Z'lffua/i 

reacts with chromyl chloride in carbon di- 
Bulphide solution, giving an addition compound 
which on decomposition with water gives 
faydratropic aldehyde, CgHj CHMe CHO, and 
acetophenone (von Miller and Rohde. Ber. 1891, 
24. 1357). Dilute nitric acid (d 1 075) in a sealed 
tube at 105®C. reacts with cumene, giving 
nitro p pbenylpropane (Konowalow, Ber. 1894, 
27. 468; 1895, 28, 1856). 

Cumeno may be nitrated and siilphonated in 
the usual way (Gibson. J.CS. 1920, 117, 948. 
Bert and Doner, Bull Soc. chim. 1927,41, 1170 ) 
Chlonnation of cumeno yields mono , di , fri- 
tetTa-, and penta chloro cumenes and the 
corresponding chlorobenzenes. The isopropyl 
group IS thus easily displaced On nitration of 
tri*, tetra , and penta-chlorocumenes, the iso 
propyl group is replaced by the nitro group 
(Qvist and Salo, Chem. Zentf. 1934. 2, 501). 
Propyl chloride, leri-butylbenzene, and p-di-Urf- 
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butylbenzene are formed from cumene, iso- 
bufcyl chloride and a very little aluminiutn 
chloride at room temperature (Boedtker, Bull. 
Soc. chlm. 1906, [iii], 35, 834). 

(3) Methylethylbenzenes. — ^The methyl- 
ethylbenzenes, prepared by the action of sodium 
on a mixture of ethyl bromide or iodide with the 
corresponding bromo-toluenes, are liquids with 
boiling-points — o-, 158-169°, m- 158-159°, 

p- 161-2°, and specific gravities of approximately 
0-87 at 16°C. 

Trimethylbenzenes. — (1) Consecutive tri- 
methylbenzene (hemimellitene, hemimeUitrine), 
^6^3(01-13)3 (1:2:3) is obtained by heating 
a-!Soduric acid C6H2(CH3)3C02H with lime. 
It has recently been isolated from an Oklahoma 
petrol (Beveridge and Sehicktanz, J. Res. 
Nat. Bur. Stand. 1933, 2, 665). The henzenoid 
hydrocarbons of the fraction, b.p. 118-132°/ 
215 mm., were separated from other hydro- 
carbons by extraction with liquid sulphur 
dioxide and from one another by processes 
involving distillation, crystallisation, selective 
sulphonation, crystallisation of the sulphonic 
acids, and selective hydrolysis of the sulphonic 
acids. It was estimated that mesitylene, pseudo- 
cumene and hemimellitene are present in the 
crude petroleum used in the proportions 0-02, 
0-2, and 0-06% respectively. 

Hemimellitine has b.p. 176-1, sp.gr. 0-8951 
(20°C.), =1-5116. 

(2) TJnsymmeirical trimethylbenzene (^-cumene). 
C6H3(CH3)3 (1:2:4), occurs together with 

mesitylene in coal-tar (Beilstein and Kbgler, 
Annalen, 1866, 137, 317), and is present 
in many petroleums (Poni, Chem. Zentr. 1906; 1, 
469). It is prepared by the action of sodium on 
a mixture of either bromo-paraxylene or bromo- 
wclaxylene with methyl iodide. In order to 
isolate it from coal tar, Armstrong recommends 
(Chem. News, 1878, 38, 5; Ber. 1878, 11, 
1697) that the mixture of ^-cumene and 
mesitylene (u. infra) boiling between 160° and 
170°, obtained from coal tar by fractional 
distillation, shoidd be converted into their 
sulphonic acids, and the mixture heated with 
concentrated hydrochloric acid in a sealed tube 
for 1 hour at 100°. In this way the mesitylene- 
sulphonic acid is decomposed, regenerating 
mesitylene, whilst the ^-cumenesulphonic acid 
is not attacked. After separating the mesitylene 
the i^-cumenesulphonic acid is precipitated 
from the hydrochloric acid solution by sulphuric 
acid, purified by recrystallisation from dilute 
sulphuric acid, and finally decomposed by heating 
with hydrochloric acid at 140-150°, when it 
breaks up into ^-cumene and sulphuric 
acid. A sUght modification of this method of 
separation is described by Smith and Cass, 
J. Amer. Chem. Soc. 1932, 54, 1603). Jacobsen 
(Ber. 1876, 9, 256) separates the two isomeric 
sulphonamides by recrystaUisation from alcohol, 
in which mesitylenesulphonamide is readily, 
0-cumenesulphonamide only sparingly, soluble. 
The sulphonamides are then hydrolysed by 
heating with concentrated hydrochloric acid at 
175°. 

Another method proposed by Jacobsen 
(Annalen, 1877, 184, 199) is to separate the two 


sulphonic acids by fractional crystallisation ; 
^/r-cumenesulphonic acid is soluble with difficulty 
in sulphuric acid and crystallises out. On 
heating to its melting-point (110°) and pass- 
ing in steam at a temperature of 250°, pure 
^J-cumene is obtained (see also Schultz and 
Herzfeld, Ber. 1909, 42, 3602). i//-Cumene 
boils at 168-2°, and has sp.gr. 0-877 at 18° 
(Schultz and Herzfeld, l.c.). On oxidation with 
nitric acid, it yields two isomeric acids of the 
formula C6H3(CH3)2C02H — ^xylic acid and 
p-xylic acid — and a small quantity of the iso- 
meric methylisophthaUc and methyltere- 
phthalic acids : 

C6H3(CH3)(C02H)2 

(Bentley and Perkin, J.C.S. 1897, 71, 165). 

Oxidation of ^-cumene with lead dioxide 
or manganese dioxide in the presence of sulphuric 
acid or eleotroljdically yields considerable 
quantities of 2:4-dimethylbenzaldehyde (Perkin 
and Law, J.C.S. 1907, 91, 263, 752). When 
boiled with aluminium chloride ^-cumene 
is converted to a mixture of benzene, toluene, 
xylene, mesitylene, durene, etc. (Jacobsen, Ber. 
1885, 18, 341 ; Anschutz, Annalen, 1886, 235, 
186). This is a general t3q)e of reaction for 
polymethylbenzenes. 

(3) Symmetrical Trimethylbenzene (mesityl- 
ene), C6H3(CH3)3 (1:3:5). — ^Mesitylene occurs in 
the coal tar fraction of b.p. 167-162° (Fittig 
and Wackenroder, Annalen, 1869, 151, 292 ; 
Schultz, Ber. 1909, 42, 3602), and in American 
petroleum. It is obtained on elimination of 3 
molecules of water from 3 molecules of acetone. 
This elimination may be brought about by 
means of sulphuric acid (Organic Syntheses, 2, 
41). 

Mesitylene is formed on dissolving aUylene, 
CHj-Ci-CH in sulphuric acid and distilling 
with water (Fittig and Schrohe, Ber. 1875, 8, 
17). Mesitylene has b.p. 164-5, sp.gr. 0-8768 
4°/4°. It has the normal reactivity of a com- 
pound of its constitution. 

CUMIDINES, CgHijN. The term “ cumi- 
dine,” which originally was proposed for the 
monobasic derivatives of cumene (isopropyl- 
benzene) includes also by accepted usage num- 
erous basic derivatives of pseudo- or (:^)-cumene 
(l:2:4-trimethylbenzene, mesitylene (sym. tri- 
methylbenzene), n-propylbenzene, and other 
bases of the same empirical formula. Of these 
isomers only those of practical interest are 
treated below, the most important being ajm-fi- 
cumidine and mesidine. 

orthoCumidine, o-aminoisopropylbenzene, is 
formed by decarboxylation of aminocuminic 
acid with baryta (Cahours, Annalen, 1859,109, 
19) and to a smaller extent by reduction of the 
crude nitration product of cumene. It yields 
normal salts and has b.p. 213-5-214-5/732 mm. 
Passage over hot lead peroxide yields indole. 
The acetyl derivative has m.p. 72°. 

Cumidine, p-aminotsopropylbenzene, is made 
by nitration of cumene with fuming nitric acid 
and reduction of the nitrocompound with 
ammonium sulphide (Constam and Goldschmidt, 
Ber. 1888, 21, 1157) and also by direct con- 
densation of aniline with isopropyl alcohol in 
presence of zinc chloride at 260° (Louis, Ber. 
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1833, 16, ni). Bp. 216-218“, acetyl deriva' 
tjve mp. 103-102 5°. On oxidation with 
sodium chlorate and potaesium ferroeyanide in 
hydrochloric acid solution, cumidine yields an 
“ anilme-blaek ’* dyestuff (Kirpitsehnikov, 
Chem. Zentr. 1906, 1, 829} and it is also the 
source of a dyestuff obtained by condensatton 
^th cyanogen chloride in pyridine eblntion 
(G.P. 155782). 

poroAmlnopropylbenzene la formed by 
condensation of aniline with propyl alcohol 
(WiUgerodt and Sckerh Annalen, 1903, 327. 
301) and has bp. 224-226°, acetyl derivative, 
in.p. 96° (for preparation, see G. Baddeley and 
J. Kenner, J.C S. 1935. 303). 

Mesidine, obtain^ by reducing nitromesityl* 
ene withtm and acid {Fittig and Storcr, Annalen, 
1868, 147, 3) as well as by numerous leas 
usual methods of introducing an ammo group, 
has b p. 229°, acetyl derivative, m.p. 216°. 
blesidine undergoes normal reactions and finds 
some use as a dye mtertnediate. 

(S Cumidine, 8ym..j&-cumidine 

(CHj CHa-CHj:NH,=l 2.4:5) 

is obtained byreducmg nitropseudocumene with 
tin and bydrochlonc acid, but ta more economic* 
ally prepared by digesting technical xyhdinewith 
methyl alcohol at 300°, the basic mixture being 
araarated by crystallisation of tho nitrates 
(G,P. 22265). ^ Cumidine has m.p. 63°. 

b p.234°,isin8oIubiemwaterand IS characterised 
bya sparingly soluble nitrate and by complexes 
with syrndrinitrobeoxene and sym tnmtro, 
toluene (Koeltmg and SommerhoS, Ber. 1906, 
39,78): acetyl derivative, m.p. 161*. ^'Cami* 
dine while exhibiting many normal reactions 
nndergoes some remarkable condensations and 
oxidations to substituted acridines (Senier and 
Compton, J.C.S. 1607, 91, 1934) and hydro 
quinolines (Jones and White, ibid 1910. 97, 
643) Iteaction with a-bromoisovslecy) bromide 
yields a hypnotic N alkyl denvative, bat 
^ cumidiRe u mote important aa the source 
of azo colours of the Ponceau senes (Schultz, 
Tab. No. 83), 

Asym-^ cumidine. 

•.CnvCH, CH .VN.H,-V2. \ 

is prepared by reduction of tho corresponding 
nitro. compound with iron and acetic acid 
(Edler, Ber. 1885, 18, 630), or with iron and 
sulphuric acid (Huender, Bee. trav. chim. 1915, 
34, 11), m.p. 36°, b.p. 233°, soluble in water. 

CUMIN or CUMMIN. The dned fruit 
(seed) of Cuminum Cyminum Linn. (Fam 
UmbeUiferK), a small annual plant indigenous to 
Egypt, but cultivated in other parts of Northern 
Afnca, Southern Europe and India. The 
fruits are about 4 to 6 mm. long, tapenng 
towards both base and apex. rcscmbliDg cara- 
ways and, in fact, they have been called ^man 
caraways. CThe mcncarps are less curved than 
those of camway, and whilst they are usually 
separate, they may bo attached to tho pedic^ 
Each mericarp baa five longitudinal ndgea 
densely covered with numerous hairs, alternated 
with secondary ridges. The cross-section of the 


froit reveals four dorsal vitts, or essential oil 
dneta, and an oily endosperm. The flavour and 
odour are reminiscentof both caraway and anise 
bat are more bitter and less agreeable. It is used 
aa a constituent of curry powder and as a 
carminative, the latter chiefly in vetennaiy 
practice. 

Ifieroscopic Appearnnee.— The hairs are seen 
to be part of the pericarp, measuring up to 200/i 
ta length and from 25 to40;s in breadth, and srs 
composed of elongated cells. These are dis 
tuictive of the fruit. The vittai on the enter 
surfaces measure up to 200^ in diameter, wh^t 
those of the commissural side are even larger. 
Each of tho primary nbs contains a hun^e cf 
fibres about 50ft in diameter. The endospenn 
contains fixed oil and aleurone grains which ait 
15/1 or less in diameter and enclose rosettes of 
calcium oxalate. 

Chtmteal Composition. — C. Arragon (Ann. 
Falaif. 1915, 8, 345) quotes the following 
composition of a sample of cumm fruit from 
Holland : 

% 

Water 10 5 

Aeh . . ... 7-27 

Fat 22 9 

Essential oil 2 3 

Protein . . .... 22 6 

• Fibre 13 4 

Beducing substances, starch, ete.20 4 

All figures, except water, are on the dry 
material 

The pnncipal constituent is tho essential oil, 
and probably the most satisfactory method of 
determining this is by the process of Coeklag 
end Middleton (Quart. Pbarm. 1635, 8,435). 
The powdered fruit is xsued with bnne and 
distilled, the vapours being passed through the 
top of a condenser into a graduated tube, in 
which tho oil i* collected whilst tho cohdensed 
water is returned to the distillation fiask. 
An air uJet and outlet are provided by a side 
tube below the condenser, but above the 
graduated tube. Cumin contains from 2 5 to 
4 0% of essential oil [q v.). 

Standards. — ^The “ British Pharmaceutical 
Codex ”, euggoeta that not moro than 2% of 
foreign orgaiuc matter should be present. 

T. MeL. 

CUMIN. ESSENTIAL OIL OF. The 

oJ distilled from thefruitsof Cumtnxtm Cyminum 
Uim. (Fam. TJmbelhfer*), a native of E^t 
and the Mediterranean, and cultivated in India 
end f^na. The chief suppbes are from Morocco, 
blalta, and Sicily: yield 2 5 to 4 0%. 

Composition. — The chief constituent is eumic 
or cnminic aldehyde, of which 30 to 40% is 
present. Pinene, cymene, dipentene, phel- 
lacdrene are present, 

Charaettrs —A colourless or pale yellow oil 
darkening on keeping. Sp gr. 0 900-0 635, 
opt. rotation -)-3* to -f8°, ref. md. 1 495-l'609. 
Soluble in 10 volumes 80% alcohol. The cumic 
aldeh^e u determined by the Lydroxylamine 
process (r. AiDEirYDES). 


CUMMIN p.Cowirr. 
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CUPFERRON. Ammonium-nitroso-jS- 
phenylhydroxylamine. Used as a reagent for 
Cu, and abo in the separation of Fe, Ti, 
and Zr v. Chemical Analysis, Vol. II, p. 683. 

C U P R A S E . CoUoidal cupric hydroxide. 

/5-isoCU PR E I D 1 N E (isoopoQU I N ID 1 N E) 
V . Ctnchona Alkaloids (this vol., p. 170d). 

CUPREINE V . Cii’^caoNA Alkaloids (this 
vol., p. 160i). 

CUPRENE V . Acetylene. 

CUPRETENINE ti. Cinchona Alkaloids 
(this vol., p. 1786). 

CUPRI-ADEPTOL. Copper m-phenol 
sulphonate. 

CUPRITE. Native cuprous oxide, CU2O, 
crystallising in the cubic system. Brilh'ant, 
transparent crystals of a ruby -red colour (hence 
the name ruby-copper-ore) are not uncommon ; 
sp.gr. 6'0. In the variety called chakotrichile, 
the crystals are capillary in form, being enor- 
mously elongated in the direction of one of the 
cubic edges, and are loosely matted together in 
plush-like masses. Another variety, known as 
tile-ore (Ger. Ziegelerz), is earthy or compact 
and of a brick-red or brownish colour ; it con- 
sists of an intimate mixture of cuprite and 
hmonite, and has resulted from the alteration of 
chalcopyrite. Cuprite is sometimes of im- 
portance as an ore in the upper oxidised portions 
of copper veins. 

L. J. S. 

CUPROL. Copper salt of nuoleinic acid. 
External astringent dressing {Parke Davis, 
London). B.P.C. 1934. 

CUPRON, a-benzoin oxime, used in the 
quantitative determination of copper and molyb- 
denum V . Chemical Analysis, Vol. II, p. 605d. 

CUPROSILICON. Cuprous silicide {v. 
Copper). 

CUPRUM LAZUREUM v. Azhbite. 

CURACIT-SODA. A mixture of the 
sodium salts of glycocholio and other acids 
obtained from ox gall, used as a wetting-out 
agent. 

CURARE. Other native names, Curara, 
Vrari, Woorari, Woorali, Woorara. Curare is 
the name given to the arrow poisons of S. 
American Indians who dwell in the region of the 
Orinoco and Amazon rivers. Knowledge of it 
was first brought to Europe by Sir Walter 
Raleigh in 1595, and from that time to the 
present its origin and preparation have been 
discussed by explorers, botanists and chemists. 
A summary of the earlier observations of La 
Condamine, Humboldt and Bonpland, Water- 
ton, Schomburgk, Castelnau, Thirion, Jobert 
and Crevaux is given by Planchon (Pharm. J. 
1880, [iii], 11,469, 491, 529, 589, 693, 754). 
It is now known that curare is an aqueous 
decoction of several plants, one of which is 
usually a species of Slrychnos, to which the toxic 
action of the preparation is due. The remainder 
contribute extractives which give the curare the 
consistency necessaiy for preservation of the 
poison and for tipping the arrows. The plants 
used in the preparation of the product vary 
with the locality as the following shows : i 
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Sources of Curare, — (1) Upper Amazon : 
Strychnos Caslelnaeana, Bail!., 8. Yapurensis, 
Planch. 

(2) Upper Orinoco : S. Gubleri, Planch. 

(3) British Guiana : S. toxifera, Schomb. ; 
S. Schomburgkiana, Klotzsch. ; S. cogens, 
Benth. 

(4) Upper French Guiana : S. Crevauxii, 
Planch. 

(5) Esmeralda (Venezuela) : S. guianensis, 
Aubl. 

(6) Peruvian Amazon: Chondrodendron 

spp. (?). 

The advent of firearms replaced arrows for 
hunting, and curare rarely appears nowadays on 
the European market. Such curare as is found 
in museums, pharmaceutical houses, and 
physiological laboratories consists of a brown to 
black, often brittle, extract with a bitter taste. 
In medicine it has been used in the treatment of 
tetanus, hydrophobia, epilepsy, and in cases of 
chronic nervous disease with predominant 
muscular rigidity. For a summary, see West 
(Proc. Roy. Soc. Med. 1935, 28, 41). As native 
preparations vary considerably in composition 
the greatest care is necessary in the administra- 
tion of the drug and its efficacy must first be 
tested on animals. 

For the earlier chemical investigations on 
curare, see Fliickiger (Arch. Pharm. 1890, 228, 
78). The foundation of our chemical knowledge 
was laid by Boehm (Chem. Zentr. 1895, 2, 1084; 
1897, 2, 1078; Arch. Pharm. 1897, 235, 
660) who examined the three kinds of curare, 
distinguished by their containers, which have at 
various times appeared in some quantity on the 
European market. Boehm showed that the 
highly active principle in each case was a 
different quaternary alkaloid. Tubocurare or 
para curare was imported in bamboo tubes and 
contained a crystalline inactive tertiary alkaloid 
curine which was shown later by Spath, Leithe, 
and Ladeck (Ber. 1928, 61, [B], 1698) to be the 
teao-enantiomorph of d-bebeerine, an alkaloid 
found in Radix Pareirse bravse (Chondrodendron 
tomenlosum, R. and P.). Its formula is 
CjgHgjOgNg (Spath and Kuffner, Ber. 1934, 
67, [B], 55) and the structure of its di-O-methyl 
ether is now known in detail. It belongs to the 
group of bisbenzylisoquinoline alkaloids which 
are formed by fusion of two benzylisoquinoline 
structures through ether linkages (Faltis, 
Kadiera, and Doblhammer, Ber. 1936, 69, [B], 
1269; King, J.C.S. 1936, 1276). The 

amorphous quaternary alkaloid called tubocura- 
rine by Boehm, was crystaUised by King (J.C.S. 
1936, 1381) and found to produce complete 
“ curare paralysis of the frog on a dose of 0'5 
mg. per kg. within 15 minutes. It was also 
shown (King, l.c.) that d-tubocurarine chloride 
had the properties of a phenolic betaine and on 
complete methylation of the phenolic groups 
gave d-O-methyltubocurarine chloride which 
proved to be a diastereoisomeride of d-O- 
methylbebeerine methochloride (I). It is very 
probable that tubocurare is prepared from some 
species of Chondrodendron hitherto not examined 
chemically and growing in the region of the 
Peruvian Amazon. 
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O-ir«tliylt«b0<rniatlnie chloride 
O-ltethylbebeerloe metbocMorlde. 

I. 

Caialaili or gourd curare vas fount] b; Boehm 
to contain an amorphona quaternary alkaloid, 
C]|H2{ON,Ct, caUM curar«««, together with 
traces of a non qiiatemacy alkaloid. The same 
amorphous quatemar^ alkaloid was isolated 
from iStr^e^noe toxifera Schomb (King, Nature. 
1935, 135, 469} thos confirming Robert Schois 
borgk's discover}' of S. tox\fera as the mam 
sources of the active ingredient of the curare 
of the Maeus Indians from British Guiana 
lb paralysed frogs on a dose of 0 125 mg per 
kg and showed colour reactions reminiscent of 
atryebniae. 

The third variety, knovra as pot curare, comes 
from Brazil, and appeared on the market m email 
jars usually of unglazed clay. Boehm found 
that this curare vaned widely in activity but, 
from active material was able to isolate two 
relatively inactive non.quatemary alkaloids, 
proloctinae, CjjHjjOjN, needles, mp. 306*' 
(decomp ), and y>ro(ocundtne, prisme, m p. 274- 
276*, a^ an active amorphous quaternary base ' 
prtAoeuranue of uncertain composition. The 
last-mentioned showed colour reactions similar 
to strychnine. The paralysing dose on frogs 
was 013 mg. per kg. (Jscabhazy, Arch, exp., 
Path. Phartn. 1899, 42, lOj. It is probable that 
the active pnneiple is contnbuted by Stryehnoi . 
CcuU3naeana 'lYrad , and nob improbable that' 
other species, such as Coceulua loxtcoferua, 
Wedd. and Anomospemum granii/ohunv Eicbter 
supply some of the alkaloids present. 

The predominant pharmacological action ofi 
curare consists in a paralysis of the nerve endings 
of Toluntarr muscle, and for this reason it is | 
much used in physiological research. The, 
discovery by Boehm that the “ curare " | 
principle in the three best known types of curare ' 
IS a quatemaiy alkaloid is noteworthy since it ia . 
a phumacological commonplace that neatly all' 
ammonium bases paralyse motor nerve cnomga 
of voluatory muscle (Cium-Brown and Fraser, 
Proc. Roy. ^c. Edin. Z8C9, 6, 660). 


The recent investigations of Freise in g 
America (Phano. Ztg. 1033, 78, 852; 1036, 
81, 818} show that a pot curare of the 
Qiavantc Indians ofSouthem Brazil is employed 
for killing animals to bo used as food ana is 
exported as an article of trade to the Argentine. 
It contains as its active principle a non 
quaternary alkaloid, macoubetne, 

[a]],— 55 5“, which is devoid of the typical 
“curare” action of the pharmacologist. For 
this reason it is better described as a “false 
curare.” It is prepared from ilacouhta Guyaa- 
rnsia Auhl. (Fam. Apocynaceie). 

U.K. 

CURARINE V. Cdbasb. 

CURCAS OIL (purging nut oil, physic 
nut oil. Oleum infemole ; Fr. huile dc pulghire, — 
d« jmfjAir/,— oe prosptpflond'/ndel.ia obtained 
from the seeds of Jatropha eurcaa L. (Fam. 
Euphorbiacew), a shrub or small tree, probably 
indigenous to Central America, but growing 
freely or under cultivation in many parts of the 
tropics, anti especially in the Portuguese 
colonics. In the Cape Verde Islands, where the 
cultivation of curcas is second only to that of 
coffee, the export of seed to Lisbon amounted 
to as much as 3,000 tons m 1030 and about 2,000 
tons m succeeding years (e/. J. Cunha da 
Silveira. Anais do Inatituto superior de agto- 
nomia (Lisbon). 1934,6, lose 1, 116);inR4union 
the pbnt is grown as a support for the vamlla 
plant The seeds consist of from 32-40% 
of busk and 60-66% of kernel, containing from 
46-58% of oil (t e about 30-40% on tho whole 
seed) which is recovered commercially by hot 
expression The oil u pale in colour, bccommg 
reddish yellow upon exposure to the air, and 
has a viscosity about equal to, or sbghtly greater 
than, that of olive oil : it is charactensed by a 
disagreeable odour, and possesses emetic and 
strongly purgative properties, which aro much 
more pronounced than those of castor oil t ; 
It IS distinguished from the latter by its lack of 
optical activity, low acetyl value and viscosity, 
and by its sparing solubility in alcohol and ready 
miscibility with light petroleum. It differs 
from croton oil (g v.) m possessing no rubefacient 
or vesicant propeities. 

The recorded analytical values for curcas oil 
show considerable variations (probably depend- 
ing partly upon the ongin of the seed), but the 
fouowing ranges are typicalforgeouino expressed 
oils: f. pt. c. -n*C., spgr.JJ 0 918-6 921, 
acid value 0 7 to 9 2, saponification value 
196-103, iodine value 63-106, acetyl value 
6-10 (figures of 28 and 25 were recorded for two 
samples examined at the Imperial Institute 
(Ball. Imp. Inst. 1921, 19, 288). Samples of oil 
extracted by petroleum spirit from decorticated 
seeds and examined by Droit (Thesis. Pans, 
1032 ; Francois and Droit, Bull. Soc. cbim. 1933, 
(iv), 63, 728 { Afncan sc^ extracted in the cold), 
and by Adnaens (IVsCongr. Intern, Tech, Chim. 

^ A mlxlure of caitor oO and coica* oil, sold under 
the name of Knulish castor oil ” Is stated to Iwv* 
bee# a popular purgative la America and the Aot les 

In the last century 1#« DUss, Add. Inst. Cob MsTseWes, 

1894 . 3 , 24 ) 
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Ind. Agric., Bruxelles, 1935 ; Bull. Mat. Grasses, 
1936, 10, 813 ; seeds from Belgian Congo), 
had sp.gr.J? 0-9122-0-9219, ref. ind.“ 1-4694- 
1-4730, acid value 0-4-7-8, saponification value 
176-180 (Droit), 193-196 (Adriaens) ; iodine 
value 97-98 (Droit), 96-6-106-9 (Adriaens) ; 
acetjd value 4-5-8-5, unsaponifiable matter 
0-1-1-15%, including a phytosterol and a 
resinous material (Droit). 

Whilst the commercial oils do not crystallise on 
exposure to low temperatures, the oils extracted 
in the laboratory gradually deposit crystals 
which appear to consist chiefly of oleodistearin. 
According to the detailed examination by 
Droit, the fatty acids of curcas oil consist solely 
of stearic, palmiticf myristic, oleic and linoUc 
acids; no trace of ricinoleio or other hydroxy- 
acid (such as the “ curoinoleic acid,” the 
presence of which was reported by Siegel and 
other early investigators) could be found (c/. 
Klein, Z. angew. Chem. 1898, 11, 1012). The 
“ isooetio ” acid isolated by Bouis (Compt. rend. 
1854, 39, 923) appears to have been a mixture 
of palmitic and myristic acids. The medicinal 
use of the oil is limited by the presence in it of a 
toxic principle (a sterol-resin ester ?) which is 
associated with the alcohol-soluble fraction of 
the oil (c/. Cadet de Gassicourt, J. de Pharm. 
(Paris), 1824, 10, 170 ; Soubeiran, ibid. 1829, 15, 
500 ; Felke, l.c., infra ; Droit, l.c., infra), and is 
not destroyed by heating for IJ hours at 100°C. ; 
upon saponification, tms fraction yields fatty 
acids, a phytosterol, and a resin, none of which 
appears to have any physiological action when 
examined separately (Droit, Bull. Mat. Grasses, 
1932, 16, 270). 

A second poisonous substance, curcine (a 
toxalbumin) (c/. StUlmark, Arb. Pharm. Inst. 
Dorpat, 1889, 3, 149 ; Siegel, Thesis, Dorpat, 
1893; Felke, Landw.Versuohs-Stat. 1913,82,427) 
is found in the decorticated seeds after removal 
of the oil, and, consequently, the by-product 
seed-cake can only be utUised as a fertiliser. 
Curcas seeds further contain a fairly active lipase 
(Grimme, Z. deut. Ol-Fett-Ind., 1921, 41, 5J i). 

In addition to its use in medicine, curcas oil is 
used in the manufacture of soap (both in the 
tropics and in Europe), and to a limited extent 
as a burning oil ; its use as a substitute for olive 
oil in compound lubricating oils has been 
suggested. The oil thickens somewhat on heat- 
ing, and is frequently reported to possess weak 
drying properties (c/. Bull. Imp. Inst. 1921, 19, 
288) ; this propensity appears to be less well 
marked, however, in the oils from the Congo 
(Adriaens, l.c.). 

(For a detailed study of the purging nut, its 
oil and toxicology, and bibliography, see Droit, 
l.c. ; also Anon., Gov. Lab. Bangkok, 1929, 
No. 4, 8). 

E.,L. 

CURC I N E u. CuECAS On.. 

CURCUMENES, THE. The essential oil 
from the rhizomes of Curcuma aromatica contains 
a mixture of two monocyclic sesquiterpene 
hydrocarbons C15H24, a- and p-curciimenes 
(Rao, Shintre and Simonsen, J. Indian Inst. Sci. 
1926,9, A, 140; Rao and Simonsen, J.C.S. 1928, 
2496). 1-a-Curcumene, purified through its 


monoTiydrochloride, b.p. 150-155°/8 mm., has 
b.p. 128-13077 mm., d®" 0-8633, 1-4944, 

[a]j) —22-9°. It contains three ethylenic hnk- 
ages and is best characterised by the preparation 
of its nilrosate, m.p. 101°. 1-)S-Curcumene, 
which can be purified through its trihydrochloride, 
m.p. 84-85°, has b.p. 128-130°/6 mm., d^l 
0-8810, 1-4949, [ajj, -27-9°. It has three 

ethylenic linkages. The constitutions of these 
hydrocarbons have not been determined. 

J. L. S. 

CURCUMIN (Turmeric yellow), the yellow 
substantive dye and indicator from the roots of 
Curcuma species Linn. 

CURINE U. CUKAEE. 

CURITE, 2Pb0-5U03-4H20, a uranium 
mineral. 

CURRANT. The fruit of bushy species 
of Mibes. Two varieties are commonly met, the 
red currant, S. rubrum (or if. vulyare Lam.), 
and the black currant, if. nigrum, L. Variants of 
if. rubrum in which the fruit is white are 
specially favoured for dessert. 

Analyses of the red currants from American 
and European sonrces respectively are : 


Total 

solids. 

Pro- 

tein. 

Acids 

(as 

citric). 

Invert 

sugar. 

Suc- 
rose. Pectin. Ash. 

% 

% 

% 

% 

% % 

% 

(1) 12-97 

1-37 

2-21 

3-44 

0-0 0-8 

0-6 

(2) 15-29 


1-90 

5-74 

0-46 

0-57 


(1) Munson et ai., U.S. Dept. Agric. Bur. Chem. Bull. 
1905, No. 66. 

(2) Ollg, Z. Unters. Nahr.-Genussm. 1910, 19, 558. 


According to Hotter (Z. landw. Versuohsw. 
1908, 9, 747) the proportion of fructose is 
slightly higher than that of glucose. The 
actual amounts of sucrose present in the fruit 
and the proportion of reducing to non-reducing 
sugars varies considerably with the stage of 
ripeness of the currant. Sobolevskaja and 
Turetzkaja (Bull. Acad. Sci. U.R.S.S. [Classe 
sci. math.], 1934, 9, 1341), have observed the 
steady increase in total sugars and in the ratio 
of invert sugar to sucrose as the fruit develops. 
The absolute amount of sucrose, however, 
increases markedly during the final stages of 
ripening. These authors explain the general 
course of sugar changes in the ripening fruit 
thus : 

sucrose ^glucose -f fructose polysaccharide-^ 
glucose-f fructose. 

The accumulation of sucrose in ripened fruit is 
ascribed to the cessation of its decomposition 
rather than to its re synthesis from invert sugar ; 
the simultaneous increase in invert sugar is 
attributed to the hydrolysis of polysaccharides. 
The acidity of the fruit is due almost entirely 
to citric acid, although small amounts of malic 
acid are occasionally reported. 

The seeds of red currants contain water 11-42, 
protein 14-92, fat 23-6, N-free extract 24-4, 
fibre 22-8, and ash 2-78 (Alpers, Z. Unters. 
Nahr.-Genussm. 1916, 32, 499). The charac- 
teristics of the expressed oil are djj 0-9288, 
ref. ind. 1-4772 (25°), saponification value 194-5, 
iodine value 159-8, Reichert-Meissl value 0-55, 



462 


CURRANT. 


Polenske value 0-5, Hehncr number 93 6, acid 
value 12 9, unsuiponifiable matter 0 &t%. 

The mineral constituents of red currants (m 
terms of fresh fruit) include : total ash 0 41, 
K,0 019, Na,0002,Ca0008,MgO 008, 
P.0,0 09. Fe 0 0007, Al 0 0015, Zn 00002%. 

Windisch and Schmidt (Z. Untera. Nahr.* 
Genussm. 1909, 17, 584) record the following as 
average analjsea of the juice of red currants: 
d], 1045, solids 1163, protein 0 34, acids (as 
citnc) 2 11, invert sugar 6 90, total ash 0 48 g. 
per 100 c c. 

The black currant resembles the red species in 
composition in many respects. Detailed analyses 
are, however, less common. Hotter (I.C ) records 
the following analysis for black currant pulp: 
solids 20 7-20 9, acids (as mahe) 2-3-3 4, 
total sugars 7-3-7 9, glucose 3 3-3 ^ fructose 
4 0-4 4, sucrose 0 2-0 4, tannin 0 33-^41. ash 
0 63-0 87. 

The acids of the fruit comprise chiefly cilnc 
and tartanc ; the proportions vary with stage of 
ripening, that of citnc acid reaching maximum 
in the half npe stage. 

As m the case of r^ enrranta the black variety 
undergo a very rapid increase m sugar content in 
the last stages of ripening (or over npening). 

A. O. Po 

CURTIUS DEGRADATION OF 
ACID AZIDES V. Amtvu. 

CUSCAMIDINE v. CiKCEOKa ALEaLOins 
(this voL, p. 161e). 

C use AM I N E e. CiKCBoya Alealoos (this 
vol,p. 161e). 

CUSCOHYGRINE v CociiSE and other 
alkaloids of the Erythroxylon species. 

CU8CONIDINE v. Czycuoya Aleai.oids 
( this Tol . p. laid). 

CUSCO N IN E e.Cc>cBoya Alealoois (this 
Tol., p. Iflld). 

CUSPARIA BARK, CUSPARINE, 
GALIPINEAND MINOR ALKALOIDS. 
Cuspana bark, Angostura bark, CorUx Cxitpanse ; 
(Fr. £corc« d'Angosture ; Ger Angosluranade). 
It is denved from OaUpea offietnalif Hancock, 
syu. Cusparta (n/oliato Englet (Fam Rutaceae), 
a small tree of Venezuela, and was onginaUy 
shipped from Angostura on the Orinoco to 
Tnnidad. ff was long considered to 6e denved 
from the closely relat^ Cuspana ftbn/uga D C. 
Brazilian (false) “ Angostura ” bark is denved 
from Eserieeha felnfuga A. Juss. (Fam. Buta- ■ 
ce®). For history and botanical investigation 
of different barks c. Kartwich and Gamper 
(Arch. Pharm. 1900, 238, 568). 

Angostura bark contains about ten alkaloids, 
some of which pre very simple basic com- 
pounds; it also ^ntams a little essential oil, 
a bitter pnociple and a glucosidc. 

The cuspana alkaloids were inveetigated l^ 
Troger and Beckurts; for references concerning 
earlier investigations, v. Sp&th and Bnumer 
(Ber. 1924, 57, [B], 1243). 

The best description for isolalion and identifi- 
cation of cuspana alkaloids is given by SpSth 
and Eber8taUer(Bcr. 1924. 67, [B], 1687).Sp5th 
and Papaioanou (3lonatsh. 1920, 62, 129), and 
Sp4thandPikl(Ber.l929.62.[B].2244, Monatsh. 
1930, 55, 332). 16 Lg. of angostura bark 


are percolated with EtOH for 8 days. ElOH 
is evaporated in tveuo and the oily residue still 
contai^g appreciable amounts of EtOH 
(this is essentii) diluted with 2 hires of 20% 
NaOH and extracted with 4 litres of Et,0. 
Phenolic! and non-pbenohe bases are tnus 
separated. 

A'on phenolic Bases. — By extracting above 
ethereal solution with 1% HCI the spatiogly 
soluble hydrochlondes of cuspanne (I) and 
gahpine (11) are obtained. The two alkaloids 
are separated through the oxalates, a method 
developed by Troger and Kroseberg (Arch. 
Pharm. 1912, 250, 503; (I) oxalate spannglj, 
(Il)-oxalate easily, soluble m H.O). Yields: 
(I)=106%, (II)=0 35%. 

200 g of the oily mixture left after separation 
of (I) and (II) are treated with hgbt petroleum, 
which dissolves about 30 g. The oily residue 
obtained by evaporation of the petroleum is 
steam distilled and the distillate re-distiUed in 
focuo, after a small first fraction A, 8 7 g. of 
almost pure 2 a amyl 4 meUiozy Quindlxne (III) 
distils at 190-200®/14 mm. ; yield 0 05%. 

The first fraction A is distilled again, when 
two separata fractions ate obtained -. b p. 106- 
145*/U mm.=B (05 g) and bp, 145-190“/ 
14 mm.^C (5 2 g.). Fraction B finally 
yields quxnohnt (IV) and 2 nethylqv-iiwUne 
(quinalune) (V). Yield of the two bases about 
0003%. lYaction Ogives 1-2- 

dikydroquinohnt (VI) (0 01%) and 2 0ojnil. 
quinoline (VII) (0 003%). 

Phenohe Boses.— The alkaline solution left 
after separation of the non phenolio bases Is 
acidified with 5% HCI, separated from tar, 
basified with soda, and extracted with CHCl.. 
After era^ration the residue is extracted witn 
ether and finally pure gaUpoUne (VIII) is 
obtained. 

Cusparetne (Chem. Zentr. 1909, II, 1570; 
1911, I, 163), gaUpoidtnt (Arch. Pharm. 1913, 
ZSl, 252), and angosturinc (Chem. Zentr. 1911, 1, 
163) were isolat^ by Troger and co workers, 
but their existence has not yet been confirmed. 
All cuspana alkaloids are optically inactive. 

Cusparme (I), CjiHjyOjN, cryslallsses in 
needles from Lght petroleum, m.p. 92“, it is 
apparently tnmorphons (colourless needles, 
yeflbw needles, and amber tinted crystaii/ 
(I) 18 easily soluble in oiganic solvents Tbs 
salts are sparingly soluble and may be readily 
separated from the salts of associated alkaloids 
BHCl-f3H(0, white cryetaU; Boxatato is 
cbaractenstio (v. supra), mp. 162-156“, 
sulphur-yellow needles. Also platiniclilonde 
and aunchlonde are crystalline. 8 methtodide, 
m p. 176® (yellow prisms). (I) is the easiest of 
the angostnre alkaloids to separate. 

Oaliptne (11), C,oH,iOjN. crystallises from 
EtOH, EtfO or light petroleum in colourless 
pruma, m p. 115 5“ ; it yields ciyatallme salts, 
which are more soluble than those of (1)- 
B HBr, ns p. 169® (yellow); BHI.mp 178“ 
(yellow); B metbiodide, mp. 145“ (yellow 
needles). 

2 n-Amyl 4 methoxy quinohnellJI), C,.H„ON. 
oolourlees oil with very fault odour, easily 
aoloblo in dilute HCI, B picrate, needles from 
MeOH, mp. 132“; Bj-platinichloride forms 
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characteristic, yellow crystals, m.p. 220° 
(decomp.). 

Quinoline (IV) and 2-methylquinoline (V) 
(quinaldine) were identified as picrates and 
2:4:6-trinitro-l:3-cresolates. 

1 -Methyl-2 - keto -1:2- dihydroquinoline (VI), 
CjqHjON, m.p. 74°; B-picrate from MeOH, 
m.p. 129-130°. 

2-n- Amylquinoline (VII), b.p. 130-145°/ 
10 mm., identified as picrate, m.p. 125-126° 
(from MeOH). 

Oalipoline (VIII), CijHjjOjN, colourless 
crystab, m.p. 193° (from HjO), soluble in 
caustic soda; by methylation of (VIII) with 
diazomethane (II) is obtained. 

Ouspareine (cf. Troger and Runne, Arch. 
Pharm. 1911, 249, 176), CigHijOjN, m.p. 56°, 
is a very weak base and distils without decom- 
position. No salts could be obtained, it contains 
two MeO-groups. B-methiodide, m.p. 156° 
(leaflets from HjO). 

Galipoidine [cf. Troger and Runne, l.c., 183), 
™-P- 233°, needles from EtOH, 
insoluble in ligroin, light petroleum and ben- 
zene; sparingly soluble in hot EtOH, It 
yields a crystalline platinichloride and aur 
chloride. 

Angoslurine is apparently identical with 
galipoidine (cf. Chem. Zentr. 1911, I, 164). 

Constitution of Anoostdba (Cuspaeia) 
Alkaloids. — When {I)-methiodide is treated 
with silver oxide or caustic soda, a new base, 
tsocusparine (m.p. 194°), is formed. (II)- 

methiodide undergoes the same rearrangement. 
Apparenty the Me of the MeO-group migrates 
to the N-atom (cf. Trfiger and Muller, Arch. 
Pharm. 1914, 252, 459), a rearrangement which 
is typical for a- and y-methoxy-quinolines (cf. 
dictamnine and skimmianine). By zinc dust 
distillation of cuspareine (Trager and Runne, l.c., 
182) and (II) (Trfiger and Kroseherg, l.c., 525) 
quinoline was obtained. By potash-fusion both 
(I) and (II) yielded protocatechuic acid, on 
oxidation with permanganate veratric and a 
methoxyquinoline carboxylic acid were obtained 
from (II). Troger and Bonicke (Arch. Pharm. 
1920, 258, 250) suggested a formula for (II) which 
was slightly modified by Spath and Brunner (he.) ; 
(I), (II), and (VIII) have the following formulae, 
as proved by synthesis : 



(II):Ri=Rij=R3=OMe. 
(VIII):Ri=R2=OMe; R3=OH. 

Synthesis of (I) : Spath and Brunner (l.c.). 
Synthesis of (II) : Spath and Eberstaller (l.c.). 
Synthesis of (III) : Spath and PM (l.c.). 
Synthesis of (VIII) : Spath and Papaioanou 

(I.C.). 

Nothing is known about the constitution of 
cuspareine and gahpoidine. 


The essential oil (from Guaparia trifoliata) is 
described in Schimmel and Co.’s Semi-Annual 
Report, April, 1913. 

Angosiurin, CgHijOj, m.p. 58°, is a crystalline 
bitter principle, readily soluble in HgO and 
EtO H, but not in ( EtlgO. Angostura bark is a 
constituent of “ Angostura bitters,” and is 
used in medicine as a tonic in derangements of 
the alimentary canal, but it is not included in 
the "British Pharmacopoeia” nor in the 
" United States Pharmacopoeia.” 

Schl. 

CUSPARINEd. Cuspaeia Babk. 

CUSSO, KOUSSO. The dried panicles 
of pistillate flowers of Brayerd anthelmintica 
Kunth. 

CUTCH V. Catechu. 

CYAM'ELIDE V. Cyanides (this vol., 
p. 505). 

CYANAMIDE V. Cyanides (this vol., 
p. 505). 

CYANANTHROL B (SOLWAY BLUE 

R) V. Anthhaquinone Dyestuffs. 

CYANIC ACID V. Cyanides (this vol., 
p. 606i). 

CYANIDATION PROCESS FOR 
GOLD AND SILVER ORES v. Cyanides. 

CYANIDES. 

Histokicjal. — ^The earliest known eyanide 
compound was Prussian blue, which was dis- 
covered accidentally in 1704 by Diesbach and 
Dippel in an attempted preparation of Florentine 
lake. The new blue very quickly displaced 
ultramarine, but its method of manufacture 
remained a secret until 1724, when Woodward 
described the calcination of blood with potassium 
carbonate, and the treatment of the aqueous 
extract with ferrous sulphate and alum to give a 
greenish precipitate, which yielded Prussian 
blue when treated with hydrochloric acid. 
Macquer showed that horn, leather and other 
animal matter could be used instead of blood, 
and in 1752 found that Prussian blue was 
decomposed by boiling with alkali into ferric 
hydroxide and a soluble salt from which the 
blue could be regenerated. Potassium ferro- 
cyanide (yellow prussiate) was first obtained in 
the crystalline form by Sage in 1772. 

The relationships of the ferrocyanides, hydro- 
cyanic acid, cyanogen and many of their deriva- 
tives were elucidated by the brilhant researches 
of Scheele (1782-3), BerthoUet (1790), and 
Gay Lussac (1815). Scheele was the first to 
prepare an aqueous solution of hydrocyanic 
acid and Gay Lussac first isolated the anhydrous 
liquid. 

Animal matter treated ■ by the process 
described above was the sole source of cyanides 
for about l60 years, until a new one was found 
in the cyanogen content of coal gas. The 
existence of cyanogen compounds in coal gas 
was mentioned by Jacquemyns in 1843, and in 
1860 prussiate was manufactured from spent 
oxide for the first time at the Paris gas works. 
By 1884 gas works ferrocyanide had almost 
completely replaced the older product in the 
European industry, partly because of the 
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iocreased use of nitrogenous organic matter as a 
fertiliser, and partly because of the reduced 
consumption of Prussian blue due to the com* 
petition of coal tar dyes. In the United States 
the old process held its own for nearly twenty 
years longer. Between 18S0 and ISOO, greater 
efficiency in the recocery of cyanides from coal 
distillation products was obtained by the 
introduction at gas worlrs of special cyanide 
washers, the cyanide being almost quantitatirely 
fixed os ferrocyamde which is relatuely easily 
recovered from the scrubbing liquid. 

The discovery of the electroplating process for 
gold and silver by J. B. and U. Elkington m 
1640 led to a demand for potassium cyanide, 
which was met by tbo process of fusing feiro- 
cyanide with potassium carbonate, a reaction 
discovered in 1834 by F. and E. Rodgers 
In 1887 JIacArthur and the Forrests patented 
the cyanide process for the extraction of gold 
and silver from their ores, and it was first 
operated at Karangahake, New Zealand, tn 1889, 
and near Johannesburg, Transvaal, in 1800 
The cyanide process was rapidly adopted in all 
the goldfields of the world, and led to a con> 
siderable increase m the rate of gold production, 
and transformed the cyanide industry firom a 
small hy-prodact industrv into a relatively large 
synthetic industry. Whilst the production of 
potosaium cystude m 1689 (by the Rodgers 
process] was 60-70 tons per annum, and of 
yeUow pnissiate not more than 6,000 tons, it is 
estimated that the w o rid production of potassium 
cyanide had reached 0,600 tons per annum by 
1B99. 

At first the increased quantities of cyanide 
were made frota fetrocyaoide by the IVodgen 
process, snd then by the Erlenmcyer process 
(discovered in 1876) using metallic sodium. The 
rapidly increasing demand, however, stimniated 
the search for direct synthetic processes, of 
which a great number were invented and the 
followmg were actually worked with some 
success : 


Process 

Location orplsat. 

Date of 
first pro- 
dactlon 

Siepermann 

Stossfurt, Germany 

1893 

Beilby 

Glasgow, Scotland 

1892 

Bntish Cyan- 
ides Co. 

Oldbury, England 

1695 

Raschen 

Runcorn, England 

1898 

Readman 

Leven, Scotland 

1899 

Castner 

Germany, Scotland, 

1899 


US.A. 

1900 

Bueb 

(Schlempe) 

Pcssau, Germany 

1903 


Of these the last two arc still in operation and 
provide the greater part of tbo world’s cyanide 
requirements. At tbo present time tbero is a 
tendency in the United States for a reversal 
of the old economic relationship, so that 
synthetic cyanide is the raw material for feiro- 
cyanide. 

The use of cyanide as a fumigant in pest control 


was introduced in 1903, first in the citrus grovei 
of California to control a parasitic scale insect 
and at a later date in the fumigation of shinj 
and warehouses and other buildings against 
vermin. The hydrocyanic acid vapour required 
was formerly generated in situ from cyaniile snd 
acid, but since 1917 liquid hydrocyanic acid has 
been marketed for direct application. 

Another use of cyanide winch has leen 
developed since 1918 is in the case hardening ol 
iron and steel, which now consumes increasing 
quantities of sodium cyanide. This use depen<£ 
on the formation of a surface layer of a solid 
solution of iron carbide and iron nitride m 
metallic iron. 

The source of the nitrogen for the commercially 
successful cyanide processes is ammonia c; 
methylamines (Schlempe process), but the War 
(1914-18) stimulated the search for methods of 
fixing atmospheric nitrogen as cyanide. Possoi 
and Boissiire first attempted the manufacture of 
potassium cyanide from potassium carbonate, 
cbarcoat, and mitogen as early as 1843, but the 
greatest advance towards the technical reabss. 
tion of this reaction was made by Bucher 
m the United Slates between 1912 and 1018. 
With the stimulus of abnormal war conditions 
removed, however, the process was unable to 
compete with the older methods, and its opera* 
tion is now discontinued m America About 
the same time Caro and Frank m Germany were 
endeavouring to produce cyanide by the 
nitrogenation of calcium carbide, . and tho 
process was brought to commercial success by 
Landis m America in 1918. Relatively large 
quantities of impure calcium cyanide, used m the 
gold mining industry end in fbmigation, are 
DOW produced by this reaction. That no greater 
development of the fixation of nitrogen as 
evamde has occurred may be aeijibed to 
the great progress which was made, both 
during and immediately after the War, m 
tho manufacture of aynthetio ammonia, 
which has now largely replaced by-product 
ammonia as the raw material for cyanide manu- 
facture. 

The most recent research on cyanide synthesis 
has been m the realm of high temperature gas 
reactions for tho production of hydrocyanic acid 
from ammonia (or nitrogen) and hydrocarbons, 
and on methods of converting the hydrocyamc 
acid so obtained into sodium cyanide ofsimilar 
punty to the high-grade product of the Castner 
process. Of the many such processes described, 
only one, involving the passage of ft gaseous 
mixture of nitrogen and hydrocarbon gas or 
vapour through an arc, is known with certainty 
to have been operated on a commercial scale. 
It may well be, however, that the future 
development of the cyanide industry will bo 
along these lines. 

The world consumption of cyanide at the 
present time is probably more than 30,000 tons 
per year of sodium cyanide or its equivalent. 
The abandonment of tbo Gold Standard m 
many countries since 1031 has caused an 
increased consumption by stimulating the goU- 
mimng and base metal industries, and steady 
development has occurred in tlio use of cyanide 
for case hardening and fumigation. 
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The cyanide compounds are considered below 
under the following headings : 

I. Complex iron cyanides (ferrocyanides, ferri- 
cyanides, pentacyanides). 

II. Alkali metal cyanides. 

III. Heavy metal cyanides (of copper, gold, 
mercury, sil%"er, zinc). 

IV. Alkaline earth cyanides. 

V. Hydrocyanic acid. 

VI. Cyanogen and its derivatives. 

VII. Cyanates. 

VIII. Thiocyanates. 

I. COMPLEX IRON CYANIDES. 

Geneeal Chemistey. — I n this section a 
brief account is given of the chemical charac- 
teristics and relationships of the ferrocyanides 
and ferricyanides. 

In all probability the simple parent substances, 
ferrous cyanide, Fe(CN)2, and ferric cyanide, 
Fe(CN)3, do not exist. Substances having 
the empirical composition of the expected 
ferrous cyanide are indeed produced in the dry 
way by heating ammonium ferrocyanide or 
hydroferroeyanic acid, and in the wet way by 
precipitating ferrous solutions with cyanide; 
but these are rather to be regarded as ferrous 
ferrocyanide, Fe2[Fe(CN)5], and similar com- 
plex derivatives of hydroferroeyanic acid, which 
are “polymers” of Fe(CN)2 (see Wyrouboff, 
Ann. Chim. Phys. 1869, [iv], 16, 280 ; Hofmann, 
Ai-noldi and Hiendlmaier, Annalen, 1907, 352, 
54). Analogous preparations of Fe(CN)3 are 
lacking, for the thermal decomposition of 
ammonium ferricyanide and hydroferricyanio 
acid has not been studied, and only ferric 
hydroxide is produced by the interaction of 
cyanide with ferric salt solutions. A crystalline 
solid of the composition Fe2(CN)3,2H20 has 
been prepared bj' Reihlen and von Kummer 
(Annalen, 1929, 469, 30) from solutions of 
potassium ferricyanide and ferric nitrate, and 
this is most probably ferric ferricyanide, 
Fe[Fe(CN)3]. 

The iron hexacyanido ions are among the 
most stable complexes encountered in inorganic 
chemistry, the degree of dissociation into 
simpler ions being too small to be measured. It 
appears unlikely that a dissociation yielding the 
simple ferrous or ferric ions occurs at all, and 
when Fe + + or Fe+ + + and CN' are brought 
together, formation of complex iron ejanide 
ions proceeds until one or other of the consti- 
tuent ions has disappeared. This explains the 
failure of attempts to prepare the simple ferrous 
and ferric cyanides by wet reactions. The 
formation of ferrocyanides from cyanides occurs 
with insoluble as well as soluble ferrous com- 
pounds, and even with metallic iron itself. The 
ionic equations 

(a) Fe++-b6CN'=Fe(CN)3"" 

(b) FeS-f6CN'=Fe(CN)3''"-t-S" 

(c) Fe(0H)2-)-6CN'=Fe(CN)5""-f20H' 

(d) Fe4-2H20-f6CN' 

= Fe(CN)3""-f20H'-f-H2 

testify further to the extreme stability of the 
ferrocyanide ion, for if any appreciable dissocia- 
tion into ferrous ions occurred, the solubility 
VoL. III.— 30 


product of ferrous sulphide (b) or ferrous 
hydroxide (c) and (d) would be exceeded and the 
reaction reversed. 

Ferricyanides cannot be synthesised from 
cyanides and ferric compounds by reactions 
analogous to those mentioned above, for cyanides 
can reduce ferric salts and ferric hydroxide, so 
that ferrocyanides result. According to Rupp 
(Z. anal. Chem. 1931, 86, 217), however, if the 
ferric salt is first protected by conversion with 
ammonium phosphate into soluble eomple.x 
fenic phosphate, quantitative formation of 
ferricyanide occurs on boiling with potassium 
cj’anide. Ferricyanides are generally produced 
by oxidising ferrocyanides, either electrolytically 
or with chlorine or bromine. The transition 
from Fe(CN)3"" to FelCNlg'" can be reversed 
under suitable conditions of experiment. For 
instance (X=CI or Br) 

2Fe(CN)6""-fX2 2Fe(CN)6'"-l-2X' 

(GiUet, BuU. Soc. chim. Belg. 1912, 26, 236). 
In strongly acid solution under suitable con- 
ditions, potassium iodide is oxidised to iodine by 
ferricyanide, whilst in neutral solution ferro- 
eyanide reduces iodine. 0.x5'gen itself will 
oxidise ferrocyanide to ferricyanide in acid 
solution, but not in alkaline. 

The commonest technical forms of ferro- 
cyanide are “ yellow prussiate of potash,” 
K4Fe(CN)(,, and Prussian blue (ferric ferro- 
cyanide, etc.). Other ferrocyanides can be 
obtained from the potassium salt by double 
decomposition with metallic salts, and from 
Prussian blue by boiling with the hydroxides or 
carbonates of the alkali and alkaline earth 
metals, when solutions of the corresponding 
ferrocyanides are formed. Neither of these 
methods is entirely satisfactory for the pro- 
duction of pure compounds, for the products are 
usually contaminated by double salts which are 
formed with great ease and are not easily 
removed. If pure products are required, 
it is necessary to neutralise hydroferrocj’anio acid 
with the appropriate base, or to treat barium 
ferrocyanide with the appropriate sulphate. 

The ferrocyanides and ferricyanides of the 
alkali and alkaline earth metals are soluble in 
water, generally crystallising u ith water of 
crystallisation. The ferrocyanides are yellowish 
in the hydrated form, and almost white when 
anhydrous. The ferricyanides have a charac- 
teristic ruby-red colour. The heavy metal 
salts of both anions are generally insoluble 
amorphous precipitates, the ferrocyanides having 
characteristic colours which are not related to 
those of the component ions (e.g. cupric ferro- 
cyanide is brownish-red, ferric ferrocyanide is 
deep blue), and this is held to indicate that a 
constitutional change occurs on their formation. 

When heated above 400°C., the solid ferro- 
cyanides are decomposed into the constituent 
cyanides, e.g. KCN and “ Fe(CN)2,” the latter 
decomposing further into iron, carbon, iron 
carbide and nitrogen. Where one of the 
cyanides is volatile (e.g. NH^CN or HCN), 
the primary decomposition, helped by the escape 
of the volatile product, occurs at a lower 
temperature. The solid ■ ferricyanides undergo 
[ similar disruption on heating, and are less 
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stable than the ferrocyaiiides, a loss of cyanogen 
being detectable even at ISO’C. Complete 
diaruption of the iron cyamde complex also 
occurs when the solid salts react vith anlphiiric 
acid: with dilute acid HCN is produce^ and 
with concentrated acid the product is carbon 
monoxide, denved from HCN by its hydrolysis 
to ammonia and formic acid, the latter being 
subsequently dehydrated. In the case of fern* 
cyanide, carbon dioxide also appears in the 
gaseous product, for the feme salt ansing from 
the initi^ disruption of the femeyanide complex 
can oxidise some of the formic acid to carbon 
dioxide and water. 

reiTOcyanido and femeyanide solutiona are 
electrolytically dissociated into metallic kalions 
and iron cyanide complex anions As already 
stated, the complex amons are very stable and 
give rise to no iron kationa in solution Under 
certain conditions, however, they are subject 
to a fission of one of the blx cyanide groups, 
which IS replaced by another group to form the 
complex pcntacyanides. For mstance, ferro 
cyanide solutiona, on lieating alone, on treating 
with acids, or by the action of light in the 
absence of acids, become alkaline and evolve 
HCN, formuig aquopcntaeyanides in solution. 
The reaction, which is characterised by a 
yellowing of the ferrocyanide solution, isioni^ly 
represented as follows : 

Fe(CN),""+2H,0 

-CPe(CN)i H,Or+OH'+HCN 
A similar reaction occurs, but more readily, 
with femeyanide solutions j m the presence of 
nitno acid the seceding cyanide group may be 
replaced by NO to give nitrosopentacyanide 

mtroprusside *’), and with carbon monoxide 
carbonylpentacyamde is produced. 

Ferrocyanldes. 

Teciixical SIetrods op Pbepabatios. 1. 
From A'ttrogenow Organic Ifoltcr.— The manu. 
facture of ferrocyanldes from nitrogenous organic 
matter by the process which led to the discovery 
of Prussian blue, and which was almost the sole 
source of ferrocyanide and cyanide until 1860. 
has now been entirely superseded and is only of 
historical interest. The forms of nitrogenous 
matter used were dried blood, horn, bair. waste 
wool and feathers, or the animal charcoal 
obtamed by their destructive distillation The 
material was fused with potassium carbonate 
and iron turnings in cast iron mnlllea or m rever- 
beratory furnaces, and the melt was leached with 
hot water to obtain an aqueous solution from 
which potassium ferrocyanide crystallised out 
The black insoluble residue from the leaching 
contained double sulphides of potassium and 
ferrous and feme iron, and ^arious double 
silicates of potassium, calcium and aluminium 
The loss ofpotashin this residue appean tohs'o 
been 46-90% 'of that usefully consumed. 

The efficiency of ferrocyanide recovery in the 
process, based on the nitrogen content of the 
organic raw material, was very low. On direct 
fusion of the organic matter with potash, not 
more than 20% of the ferrocyanide theoretically 
obtainable was actually recovered (Karmrodt, 
Wagners Jahresber. 1857, 3, 1391. When the 


mtrogenoua matter was first carbonised aJoae 
about 80% of the nitrogen was lost in the 
escaping vapours as hydrocyanio acid, ammoma, 
and organic bases, and up to 07% of the nitrogen 
remaining in the charrra mass was converted 
into ferrocyanide, correspondmg to an ovetaU 
jkM of about 12%. 

Although the reactions proceed equally wtE 
when sodium carbonate is substituted under 
appropnate conditions for potassium carbonate, 
the relatively poor ciystallising properties of 
Na^Fe^CN), aq make the isolation of the solid 
salt more difficult. 

The probable mechanism of the ferrocyanide 
formation (Liebig, Annalen, 184], 28, 20] u 
that potassium cyanide is formed during the 
fusion by the action of potassium carbonate on 
the orgamc nitrogen compounds present in the 
charred material {see ICraemer, B.P. 16529 of 
1894, who describes the production of cyanide 
by heating carbazole to redness with camtio 
, potash], tt^ftther with iron sulphides produwd 
from the sulphur containing bodies present 
in the organic material. Some iron sulphide 
m^y also Be formed by reduction to sulphide of 
potassium sulphate present in the potash. For 
further details of the idle of sulphur compounds 
in the fusion, the work of B. Hoffmann (Annalen, 
1860, 113, 81) may be consulted. TheMtassinm 
cyanide and ferrous sulphide formed dunog the 
fusion react during the leaching to givepotusium 
ferrocyanide . 

6KCN + FeS=K 4 Fe(CN),+ K,8 

2 From Coal DnUllalton Gases — The nitrogen 
content of bituminous coal vanes widely, 
generally increasing with the geological age of 
the coal, but rarely exceeds 2% The two 
types of coal which are subjected to distilbtion 
in practice are gas coal and coking coal Qas 
coals generally contain from 1 to 2% of nitrogen, 
and nitrogen in various forms appears in all the 
products (coke, tar, gas liquor and gas) of 
distillation (Drcbschmidt, J. fur Gasbcicuchtung, 
1904, 677 ; J. JIcLcod, J S C I 1907, 26. 137). 
The distribution of the mtrogen between these 
products vanes considerably, being influenced 
by tho nature of the coal, its moisture content 
and the conditions under which tho distillation 
IS earned out. A general indication of tho 
nitrogen distribution in the distillation products 
IS given by tho following collected data on t!io 
distillation of small samples of dry coal ■ 


No 

Coal 

1 % oftotal N of tho lual In 

Coke 

NH, 

HCN 

liar 

AtNj 

I 

Durham . 

48 7 

14 6 

1 6 

1 

35 2 

2 

Westphalia 

60 

12-14 

1 8 

1-5 

30 0 

3 

_ 

48 

15 

2 



4 

Scottish . 

58 3 

17-1 j 

1-5 

39 

19 5 


1. Foster, J of Gas Lighting, 1882, 1081. 

2. Knublauch, J.S.C.I. 1890, 15, 106. 

3. Chief Inspector of Alkali Works, 43nl 
Report, 1906, 68. 

4. J. McLeod, J.SC.I. 1907, 26, 137; Alkali 
Works. 44th Report, 1907, 215. 
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Tho yields of HCN quoted above are lower 
than those actually produced in large-scale 
working, a partial explanation being probably 
to be found in the fact that the experiments were 
carried out in retorts of iron, a metal which 
favours the decomposition of HCN at the 
distillation temperatures. A study of the 
numerous results of Drehschmidt (J. fiir 
Gasbeleuchtung, 1904, 47, 677 ; see also Bertels- 
mann, “Technologie der Cyanverbindungen,” 
Munich, ' 1906, p. 161) with English, West- 
phahan and Silesian coals does not disclose 
any connection between the nitrogen content of 
the coal and the distillation yield of HCN. 
On the other hand, as the water content of the 
coal (and the quantity of gas liquor obtained 
from it) increases, the yield of HCN decreases. 
This is due to the decomposition of HCN by 
steam at the distillation temperature into 
ammonia and carbon monoxide, 

HCN-bH20 = NH3-|-C0 

(Carpenter and Linder, J.S.C.I. 1905, 24, 63). 
Thus the effect of the presence of 12% of moist- 
ure in a coking coal is to reduce by approxi- 
mately one-third the amount of HCN present 
in coke oven gas as compared with town’s gas 
made from dry coal. 

As regards the effect of distillation conditions, 
increasing temperatures cause a transfer of 
nitrogen from the coke to the more volatile 
products, leading to an increase in the yields of 
ammonia, HCN and gaseous nitrogen. 
Ammonia may be regarded as a primary de- 
composition product of tho coal substance, and 
HCN as a secondary product formed by the 
interaction of ammonia with carbon : 

NHa-t-C ^ HCN-f Hj. 

This reaction is endothermic in the direction of 
HCN-formation, which is therefore favoured 
by higher temperatures ' (see Hydrocyanic 
Acid, p. 499). The following table shows the 
variation with temperature of the yields of 
ammonia and HCN obtained by 0. Simmers- 
bach (J.S.C.I. 1915, 34, 895) with a Silesian 
coal containing 1-396% of nitrogen : 

Temp. ("C.) . . 600 800 1,000 1,200 

% of total nitrogen — 

asNHa . . . 7-81 21-28 23-15 22-84 

as HCN . . 0-25 0-87 1-23 1-42 

According to Bertelsmaim (“Technologie der 
Cj-anverbindungen,” p. 168) the size and nature 
of the carbonisation chamber influence the 
production of HCN, the large and porous 
chambers of coke ovens being disadvantageous 
by comparison with the smaller, relatively gas- 
tight retorts of the gas works. 

Tho gas leaving the distillation retorts 
contains ammonia, hydrogen sulphide, hydro- 
cyanic acid (2-2-5 g. per eu. m.) and tar, and is 
first passed through coolers and scrubbers, the 
primary purpose of which is the removal of the 
ammonia and tar. In practice, however, con- 
siderable quantities of hydrogen sulphide and 
up to one-third of tho hydrocyanic acid (depend- 
ing on the amount of water used in the scrubbers) 
are also removed. This HCN appears as 
ammonium thiocyanate, and is ultimatelj- 


discharged in the effluent from the ammonia 
stills ; this effluent is sometimes worked 
up for thiocyanates, chiefly in England (Bertels- 
mann, op. cit. p. 180) via the c-jprous and banum 
salts {see Thiocyanates, p. 508). The gas then 
passes to the iron oxide purifiers for complete 
removal of hydrogen sulphide, when 50-70% of 
the HCN is simultaneously taken up. This 
cyanide can be recovered by suitably treating the 
spent mass as described below (Dry Process). A 
more recent method of cyanide recovery from 
coal gas, giving greater efficiency, is the use of 
special cyanide washers, generally before the 
ammom'a scrubbers (Wet Process). 

(a) Dry Process . — The gas purification mass 
consists either of precipitated ferric hydroxide 
mixed with sawdust to increase tho porosity, or 
of natural iron ores. The first technically 
successful mass was introduced by Laming 
(B.P. 11944 of 1847), and was made by mixing 
ferrous sulphate with slaked lime and sawdust 
and oxidising the damp mass in air. The use of 
natural ores was introduced by Howitz in 1870. 
Tho mass absorbs hydrogen sulphide from tho 
gas, forming ferrous and ferric sulphides and 
elementary sulphur, and takes up HCN to form 
Prussian blue and ammonium thiocyanate. 
When saturated with respect to hydrogen 
sulphide, the mass is regenerated by dampening 
and exposing to air, the ferrous and ferric sul- 
phides being oxidised to ferric hydroxide 
and sulphur. With successive regenerations tho 
sulphur and cyanide contents of the mass 
increase until it is no longer effective as a 
purifydng agent. 

The air-dried “ spent oxide ’’ is a dirty green- 
ish, friable substance smelling strongly of 
ammonia and organic sulphur compounds, and 
generafly containing up to 50% of free sulphur 
and 10-14% of Prussian blue, except that the 
blue content does not rise above 4% when a 
cyanide washer has been used. This latter 
material is not considered attractive as a 
source of ferrocyanide, the minimum content at 
which spent oxide is saleable for ferrocyanide 
recovery being about 7%. Ammonium thio- 
cyanate may be present in quantities varying 
from traces up to 10%. The ferrocyanide in 
spent oxide is formed from the ferrous hydroxide 
and ammonium cyanide, and is then converted 
into Prussian blue by interaction with the ferric 
iron. Ammonium thiocyanate is formed from 
hydrocyanic acid and ammonium polysulphide, 
the latter obviously arising from the presence of 
ammom’a, hydrogen sulphide, and sulphur in 
the purifier ; the formation of thiocyanate is 
favoured by raising the temperature, as occurs 
if the mass is regenerated quickly. 

The different methods adopted for the treat- 
ment of the spent oxide are all variants of tho 
following general procedure. The soluble 
ammonium salts (chiefly sulphate and thio- 
cyanate) are removed from the screened mass by 
systematic leaching with cold water for 14-24 
hours, and the residue is dried. At this stage 
the elementary sulphur may be removed by 
solvent extraction, for example, with carbon 
bisulphide. This step is technically advan- 
tageous, since it minimises the formation of 
unwanted thiocyanate at a later stage, but is 
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economically unsound o-^uig to the fact that the 
sulphur recoTcred is contaminated with tar 
M hich can only be removed with groat difficulty. 
The dry mass is then mixed m thin layers wi& 
the calculated amount of powdered slated bme 
to decompose the Prussian blue content, the 
mixture warmed to drive off the last retaaned 
traces of ammonia, and then leached with 
water. An impure solution of calcium ferro* 
cyanido is produced, from which the sodium or 
potassium salt may be obtained by decomposi- 
tion with the corresponding carbonate, filtering 
oS* tho precipitated calcium carbonate and 
crystallising the solution. On tho other hand, 
a Prussian blue may be directly precipitated 
from the impure solution by acidifying with 
hydrochloric acid, removing the precipitate of 
sulphur thus formed, and adding fenoua or 
ferric salt solution, and the precipitated blue 
converted into potassium ferrocyanido by 
boiling with caustic potash and evaporating the 
solution : this lengthy and expensive process is 
now used only for ferrocyanide recovery from 
mother liijuors and wash waters obtamed m the 
process to be described below 

Two improved methods of working up the 
impure calcium ferrocyanide solution were 
described by Kunheim and Zimmcrmann 
(B P. 3342 of 1883), and are now generally used 
In the first, tho sparingly soluble double salt 
K}CaFe(CN)g is separated by tho addition to 
tho hot, concentrated solution {at SO^C ) ot the 
calculated amount of potassium chloride with 
constant stirring. The solid is filtered off and 
washed with a Lmitcd (Quantity of water , the 
filtrate and washings arc worked up for potaa- 
Bium ferrocyanide tia Prussian blue bv the 
method described abov e The crystalline double 
salt IS treated with tho calculated amount of 
potassium carbonate solution at the boding- 
point, when calcium carbonate separates The 
clear potassium ferrocyanide solution is lef^ to 
crystallise for 14 days, and gives directly a pure 
product. In addition to the purity of the 
product, this process has the advantage that 
one-half of the calcium replacement is achieved 
with the cheaper potassium chloride inste.nd of 
potassium carbonate The second improved 
method makes use of the sparing solubility of the 
cahium ammonium double salt, in this case,' 
sufficient ammonia is allowed to pass the 
ammonia scrubber in the gas purification to 
ensure that the double salt Ca(NHf],Fe(CN), 
IS precipitated from the leaching solution on | 
neutrahsing with hydrochloric acid. This salt I 
13 then decomposed with hme to give a pure 
calcium ferrocyanide solution, which is filtered 
and treated by the KCI-KjCOj process 
already described. Tho product is very pure. 

(6) ]Fel Process — The wet process of cyanide 
removal first came into successful practical 
operation in 1896, and is now an important 
source of fcrrocyanides. It has several advan* 
tages over tho dry process. The absorption 
of HCN in purifier boxes is an involuntary 
adjunct to the mam purpose of sulphur removal, 
and the removal of HCN is not complete. 
The cyanide scrubber, on the other band, 
prov ides a controlled method of cyanide removal 
which works at an efficiency of nearly 100%; 


I and the recovery of ferrocyanide from “ cyanide 
mud ’* is considerably easier than from spent 
oxide. It IS also stated that the working 
efficiency of oxide boxes for H.S removal u 
greater with gas which has already passed 
through a cyanide washer, and that the spent 
oxide produced from such a gas is more suitable 
for sulphuric acid manufacture (Drory, J. fur 
Gasbeleuchtung, 1003, 46, 143). 

The first practical absorbent to bo proposed 
was a suspension of ferrous hydroxide in an 
alkali carbonate solution (Knublauch, B P 
15164 of 1837, Ber. 1888, 21, 208), but the 
process did not meet with commercial success. 
Foulis (B.P. 0474 of 1893) substituted for ferrous 
hydroxide in the slurry a partially oxidised 
basic ferrous carbonate, the reagent being made 
by precipitating a ferrous salt solution with 
sodium carbonate, washing tho precipitate and 
suspending it in sodium carbonate solution. This 
washing medium has achieved commercial success 
when used in a rotary washer designed to handle 
slurncs (Foulis and Holmes. B.P. ld]68 of 
1895). When the cyanide washer is placed after 
the ammoma scrubber, the absorbiKl cyanide 
appears in tho form of soluble sodium ferro- 
^anidc, which is recovered by evaporating the 
solution after filtering off tho suspended solids 
A modified method of operation, practised at the 
Hague gas works, was described by Butten 
(J. of Gas Lighting. 1003, 80, 875) and by 
Jonssen and liutten (J. fur Gosbeleuehtung, 
1003. 46, 716) . the crude gas, after tar separa- 
tion, 15 passed through the cyanide washer before 
going to the ammonia scrubber, and a 20% 
increase in tbe cyanide recovery results, both 
soluble and insoluble ferroeyamdes being 
formed. The saturated liquor from the washer, 
containing Prussian blue, potassium and 
ammomum ferrous fertocyanides m suspension, 
and ammonia and potassium ferroeyamdes iii 
solution, is filter-pressed, and the filtered sol’itiou 
distilled to separate ammonia and then evapo- 
rated tn tacuo to crystallisation The press- 
cake is boiled with caustic potash and tbe 
ammoma collected, the iron oxide being 
relumed to the cyanide washer and tho solution 
of ferrocyanido proceeding to tho evaporation 
plant. 

Tho ammonia present in the gas may itseff 
be used as the alkali and tho crude gas lo 
simply washed with a ferrous sulphate solution. 
In this case, ammonia and hydrogen sulphide 
present in the gas give ammonium sulphide, 
so that the wash liquor is quickly converted into 
a euspension of ferrous sulphide in ammonitiin 
aulph-ite solution: the ferrous sulphide sub- 
sequently reacts with ammonium cyanide in 
BoIatioD. Earlier processes of this kind (Row- 
land, BP. 22347 of 1891? Lewis and Cripp", 
B.P. 20883 of 1896; Schroder. BP. 19849 of 
1898; Tcichmann, BP. 12485 of 1899) used 
dilute ferrous salt solutions so that ammonn vi ss 
always present in excess, with tho object of 
obtaining ferrocyanide wholly in tho soluble 
form. Bueb, on the other hand (B.P. 9075 
of 1893), almost completely avoids the formation 
of soluble salts by using a saturated ferrous 
sulphate solution, maintaining ferrous iron 
in permanent excess in the solution and pro- 



(lucing ferrocyanide in the insoluble form. 
This process is widely used, and is said to 
absorb 98% of the hydrocyanic acid in the 
gas to give a mud containing the equivalent of 
18-20% of K 4 Fe(CN )8 (Bueb, J. fiir Gas- 
beleuchtung, 1900, 43, 747). The mud is treated 
with some ferrous sulphate solution to convert 
small quantities of soluble ammonium ferro- 
cyanide into insoluble ferrocyanide, and then 
with steam to remove ammonia. It is then 
dried in filter presses and the cake, containing 
the equivalent of 40% of K 4 Fe(CN)„, is con- 
verted into calcium ferrocyanide solution by 
boiling with milk of lime. The clarified solution 
is then converted into potassium ferrocyanide 
by the method of Kunheim and Zimmermann 
already described. 

The mechanism of ferrocyanide formation in 
the wet absorption of cyanide from coal gas, and 
an explanation of the effect of the variation of 
the conditions on the form in which the product 
appears, have been given by Feld (J. fiir Gas- 
beleuchtung,. 1904, 47, 132). He considers that 
the basic reaction is between ammonium cyanide 
and ferrous sulphide, formed in the way 
previously explained. If ferrous sulphide is 
present in excess, insoluble ferrous ferro- 
cyanide is the main product ; under more 
balanced conditions, insoluble ammonium 
ferrous ferrocyanide is formed in increasing 
quantities, and when there is a deficiency of 
ferrous sulphide, the soluble ammonium ferro- 
cyanide is produced. 

, 3. From Thiocyanates . — ^Hany processes have 
fieen described for the conversion of thio- 
cyanates, which are formed in various methods 
of cyanide synthesis and in gas purification, 
into the more valuable ferrocyanides. The 
processes consist essentially in a desulphurisa- 
tion with metallic iron, and may be carried out 
with the molten salts or their solutions. 
Alexander (J. fiir Gasbeleuchtung, 1878, 21, 20) 
described a method in which ammonium thio- 
cyanate, potassium carbonate, carbon, and 
iron filings are rubbed to a paste with oil and 
heated in a closed iron vessel to red heat. The 
reaction product is leached with an aqueous 
suspension of freshly precipitated ferrous 
hydroxide, and the filtrate evaporated to 
crystallisation. Tschemiac and Gunzburg (B.P. 
1261 of 1881, see also 1148 of 1878 and 1359 of 
1879) and Hetherington and lluspratt (B.P. 5830 
of 1894) used a 20-30% excess of reduced iron 
and molten potassium thiocyanate which had 
been dried at 300°C., the reaction temperature 
being 445°C. Crowther, Rossiter, Hood and 
Albright (B.P. 8305 of 1894) recommend drying 
the thiocyanate in a stream of nitrogen or carbon 
dioxide. In laboratory experiments on Hether- 
ington’s method, Conroy (J.S.C.I. 1896, 15, 12) 
obtained a 77% conversion of thiocyanate to 
ferrocyanide. The mechanism of the reaction is 
analogous to that of ferrocyanide formation 
from nitrogenous organic matter, viz. cyanide 
and ferrous sulphide are formed during the 
fusion, and react to give ferrocyanide during the 
leaching. 

The desulphurisation may be carried out in 
solution by the method of Sternberg (G.P. 
32892 of 1882), by heating a solution of potas- 
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sium thiocyanate with twice the theoretical 
weight of iron filings necessary for sifiphide 
formation and twice the theoretical weight of 
ferrous hydroxide necessary for ferrocyanide 
formation, at 110-120°C. under pressure. In 
12 hours a conversion of 80% is obtained. 
Conroy (J.S.C.I. 1898, 17, 98) used a mixture of 
calcium thiocyanate and ferrous chloride and 
iron in water at 140-150'’C. to increase the rate 
of reaction : 

Ca(CNS),-h2Fe-FFeCl2 

=CaCl2-(-Fe(CN)2-f2FeS 

The mud is treated with hydrochloric acid to 
dissolve ferrous sulphide, and the ferrous ferro- 
cyanide boiled with alkali to form soluble ferro- 
cyanide. 

Copper (Bower, B.P. 361 of 1896) or nitrie 
acid may be used as desulphurising agents {see 
Hydrocyanie Acid, p. 492). 

4. From Cyanides . — The fact that the con- 
version of synthetic cyanides into ferrocyanides 
is becoming a technical process displacing the 
recovery of by-product ferrocyanide at gas 
works, especially in the United States, indicates 
the change in the relative economy of cyanides 
and ferrocyanides which was caused by the intro- 
duction of cyanide synthesis processes from 
ammonia and from nitrogen. The technical 
conversion of cyanide to ferrocyanide is brought 
about by the action of cyanide solution on 
iron, iron sulphide or ferrous salt. The chief 
source of eyanide for this purpose is the crude 
calcium cyanide (analysing 45% Ca(CN) 2 , 
32% NaCI) obtained on fusing technical calcium 
cyanamide with sodium chloride (see Alkaline 
Earth Cyanides, p. 488). This is dissolved in 
water and treated with the calculated amount of 
ferrous sulphate to satisfy the requirements of 
the reaction equation 

3Ca(CN)2-f FeS 04 =CaS 04 -hCa 2 Fe(CN) 5 , 

and with slightly less than the amount of 
sodium carbonate equivalent to the ferro- 
cyanide produced : 

Ca 2 Fe(CN) 5 -h 2 Na 2 C 03 

= Na4Fe(CN)3-F2CaC03. 

The sodium ferrocyanide in solution is separated 
from the sodium chloride by crystallisation' 
(Washburn, U.S.P. 1398453, 1921 ; Rugh, 
U.S.P. 1650390, 1927). 

The American Clyanamid Co. (U.S.P. 1667839, 
1928) proposes to make the slightly soluble 
calcium potassium ferrocyanide by a similar 
reaction after addition of potassium chloride. 
The straightfonvard interaction of sodium 
cyanide (the commonest synthetic cyanide) 
with ferrous Sulphate presents some difficulty 
in the separation of the two soluble products, 
sodium ferrocyanide and sodium sulphate. 
According to Dominik (see Chem. Zentr. 1923, 
IV, 494), the solubility relations are such that 
sodium sulphate is retained in solution on 
evaporation above 32°C. For the conversion of 
sodium ferrocyanide into the potassium salt, 
which is sometimes required, ft is necessary to 
add to the hot solution a considerable excess of 
potassium chloride and to cool to crystallisation 
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<Conroy, JS.C.I. 1808, 17, OS; Petri. G.P. 
212GQ8, 1909). 

Instend of using cniciura cyanide made from 
c)anaDiiile, the Strontlan- und Potasche- 
Fabnk (G 1’. 330104, lOiO) describe a method 
of converting cyanamide directly into ferro- 
cyantde by heating it to redness vith potassium 
carbonate and iron shavings m the absence of air 

PnorERTIES or THE PEBKOCYAyiDES. — ^In tbw 
section tho principal characteristics are described 
of those salts ^v^ch possess technical interest. 
For further information, *' Cyanogen Com- 
pounds" by H. E Williams (1915) or an 
•‘Inorganic Chemistry" «y. Melior’s shonM bej 
consulted. 

Ammonium ferrocysnide is prepared in 
aqueous solution from tho free acid and 
ammonia, from biarium ferrocyantde and 
aimnoxiium sulpliate, or from load ferrocyanide 
and ammonium carbonate. The sohd salt, 
(NHj)jFe(CN)j,3HjO, is obtamed by evapo 
rating tho solution in taetio (Briggs, J.CS 
1911, 99, 1019), or by precipitation witU 
alcohol (Cumming anti Good, J.CS. 19iC, 129, 
1924). ’ihe salt crystalbscs with difficulty m 
\ery palo yellow plates, isomorphous with 
tho potassium salt (Bunsen, Pogg Ann 1835, 
36. 40t) When (NHJ^Fe(CN)j is heated »n 
lacuo, decomposition begins at IKPC., NH4CN 
being evohed (.Mittasch, Kuss and Eracrt, 
Z anorg Chera 1928, 170, 193); ot 320*C, 
‘‘Fe(CN)2” remains behind, which begins to 
etohe nitrogen at 430°C i and at 700®C a 
mixture of iron, iron carbide and nitride 
remains When the beating is earned out m an 
atmosphere of hydrogen, methane and ammonia 
are formed and the residue is pure iron. The 
aqueous solution decomposes on boibng to 
give ammonium cyanide and an insoluble residue 
possibly consisting of p,artly oxidised ammonium 
ferrous ferrocjaiiido 

Prom solutions containing much ammonium 
chloride a double salt, 

(NH4)4Fe(CN),2NH4CI,3H20, 
crystallises readily in veil formed orange 
yellow rhoinbohcdia, which were forracily 
mistaken for the ammonium salt (Bunsen, le). 

Barium ferrocyanide, Ba,Fe(CN),,6HjO. 
•|3 ■f/ri'eip/Ltftu<'i yfi iirrving Vtrung Wicnions efi 
bariun chloride and Nodium fcrrocy.inido 
(Euan and Nopier, J >S C I 1013, 32, 467) ns a 
light yellow, crystalline powder. Tho prepara- 
tion of pure barium salt from K.Fe(CN)2 is 
dinicult, as the product generally contains 
pota'ssiiim; alker (J. Aroer Chem- Soc. 805, 
17, 927) ai oided the dilfieulty by first making the 
dimetliylanilme salt and decomposing this with 
'birinm hydroxide, extracting the hberated 
dimcthjlaniline with ether. The dned a^t, 
licatcd in tacuo or in nitrogen, begins to 
decompose at about 5(X)'’C., giving nitrogen, 
carbon, iron, and barium cyanide and ry anamidc 
When oxygen is completely excluded, the 
inoleeular ratio of ejanaraide to cyanide m the 
product IS 2:1 (Ewan and IS‘apicr. le.) Ihc 
solubility of the salt in water, expressed ns g. of 
anhydrous salt in 100 g. of water, is OM at 
15 5''!J. and 101 at i00°C. More than S 
mokciilcs of water of crystallmtion are reh 


tivcly easily remoicd by heating to S0°C. for a 
few hours, but tho remainder is not completely 
given up, even at 180'’C (Ewan and Napier, 1«). 

Barium potassium ferrocyanide, ’ 
SaKg[Fe{CN)g^3H20 or SHjO, 

IS precipitated as a pale yellow, erysmlline 
powder on mixing equiialcnt quantities of dilute 
solutions of barium chlondu and potassium 
ferrocyanide. The crystals effloresce readily, 
a property,which accounts for tho uncertainty lu 
to the amount of water of crystalbsation Tlie 
solubility in water (g of anhydrous salt in 100 g 
of water) is 2 1 at 15 5®C and 0 08 at lOO'C. 

Calcium ferrocyanide, 

CajFeiCNlg.llHjO. 

IS made by treating Prussian blue with milk of 
bnie, neutralising liydroferrocyamc acid with 
calcium carbonate, or from potassium ferro 
cyanide Via the dimcthylaniline salt [see Barium 
Ferrocyamde, above) Tho crystals were 
formerly believed to contain ISHjO, but more 
recent work (Berkeley, Hartley and Burton, 
Phil Trans. 1009, 209, (A), 177; Cuminuig, 
JCS 1921, 125. 240, Parrow, tbid. 1020. 
129. 49, 1927, 1163) favours IIHjO. The 
salt IS extremely soluble in water (c/. the 
barium salt), giving x’lscous solutions at high 
concentrations. The crystals effloiesce and lose 
all but i molecule of water at 46°C. 
Cumming (1 e ) detected some hydrolysis togne 
a compound Ca,Fe2{CN)],OH on heating at 
100*C in a current of oxygen-free gas. At 
500°C in tho absence of oxygen, Fincass 
(Chem -Ztg 1022, 46, 661) observed a decom 
position to give calcium cyanamide . 

CajFe(CN)e-2CaCNj-i- Fe+Nj+4C 

Calcium ammonium ferrocyanide, 
Ca(NH.),Fe(CN)4, 

may be prepared from calcium chloride and 
ammonium icrrocyamde solutions, and forms a 
wliite. minutely crystalline powder, containing 
no water of crystallisation, which becomes 
coloured on exposure to light. 100 g of water 
at 16-17®C dissolve 0 258 g of tho salt (J. 
Cam^ljpOlL Utoko., JflS.. 1907, at, l&IfiV- The 
insolubility of the salt is used m separating 
ferrocyanide from gas purification mass. 

Calcium potassium ferrocyanide, 
CaKjFe(CN)g. 

IS made from calcium chloride and pot.nssium 
ferrocyanide solutions, forming a white powder 
of small quadratic prisms which are anhydrous 
and discolour slightly on exposure to light. At 
IS-n^C tho solubility is 0 41 g. per 100 g of 
water (J Campbell Brown, ( c ). 

Cupric ferrocyanide, CU2Fe(CN)4 nq ■ 
can be prepared either from cupric salt sod 
feirocvamde, or from cuprous salt and ftrri- 
cyanide, foe the ionic oxidation reduction 
equilibrium 

Cu'*"*’+Fe(CN)8"" pi Cu+-i-Fe(CN)«"' 
fa almoat completely to tho left (Mtiller, 
land Kellcrhoir, J. pr. Chem. 1912, [u]. 86, »-) 
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The usual method of preparation is by the 
addition of a solution of calcium ferrocyanide or 
hydroferrocyanio acid to an excess of cupric 
chloride, and the product is a red-bro^vn, 
amorphous substance containing varying 
amounts of water. It is very slightly soluble in 
water and dilute acids, but can be brought into 
colloidal solution by means of peptising agents, 
particularly through the agency of ferrocyanide 
ions adsorbed from solutions. The brown 
precipitate formed when cupric salts react with 
potassium ferrocyanide (Hatchett’s brown, 
formerly used as a pigment) always contains 
potassium, even when cupric copper is present in 
excess, and this may bo explained either by 
adsorption of K4Fe(CN)j by the solid 
Cu2Fe(CN)0 (Luckow, Chem.-Ztg. 1892, 16, 
164, 836, 1428 ; Duclaux, Compt. rend. 1904, 
138, 144, 571) or by the formation of a double 
salt {e.g. CuK2[Fe(CN)5],2H20, Reihlon and 
Zimmermann, Annalen, 1927, 451, 75). CoUoidal 
membranes of copper ferrocyanides have been 
used extensively in the study of osmosis, and 
copper ferrocyanide 6nds application in photo- 
graphy for toning ; the black deposit of 
silver in a bromide print is converted into a 
red one, consisting of copper ferrocyanide, by 
immersion in a solution of copper sulphate, 
potassium ferricyanide, and potassium citrate 
(Ferguson, Phot. J. 1900, 133). 

Reihlen and Zimmermann (Annalen, 1927, 
451, 75). regard cupric ferrocyanide as the 
copper salt of a complex anion containing both 
copper and iron ; for on boiling with milk of lime 
it gives brown crystals of Ca[CuFe(CN)g], 
and with dilute ammonia it gives the salt 
_[Cu(NH3)4][CuFe(CN)g]H20; such reactions 
indicate that one-half of the copper in cupric 
ferrocyanide is in the complex ion. 

Cuprous ferrocyanide is not known in the 
simple form, but the existence of the double salts 
KCu3Fe(CN)0 and K2Cu2Fe(CN)g has been 
indicated by iliiller, Wegelin and Kellerholf 
(J. pr. Chem. 1912, [ii], 86, 82), using the 
method of indirect analysis described later. 
Messner (Z. anorg. Chem. 1895, 8, 368) describes 
the preparation of K2Cu2Fe(CN)5 by the action 
of cuprous cyanide or cuprous chloride, in the 
presence of potassium sulphite to prevent oxida- 
tion, on potassium ferrocyanide solution, the 
mixture being quickly cooled to obtain the 
douolo salt in the form of colourless plates. 
It appears likely that, in the above double salts, 
the copper is part of the complex ion (Reihlen 
and Zimmermann, Annalen, 1927, 451, 75). 
The cuprous ferrocyanide compounds differ 
from other ferrocyanides in evolving the whole 
of their cyanogen as hydrocyanic acid on 
boiling with dilute sulphjiric acid {see Dewrance 
and Williams, B.P. 28074 of 1908). 

Hydroferrocyanic acid, H4Fe(CN)g, may 
be prepared by the decomposition of a suspension 
of the lead salt with sulphuric acid and evapora- 
tion of the filtrate, or by treating a concentrated 
solution of potassium ferrocyanide with excess 
of concentrated hydrochloric acid, preferably 
with addition of ether (see, for example, Mittasch 
and Knss, Z. Elektrochem. 1928, 34, 159). 
The acid crystallises in colourless scales which are 
washed with water saturated with ether, and 


dried over sulphuric acid. It may be purified 
by dissolving in alcohol and precipitating with 
ether ; it obstinately retains ether, with which it 
forms a compound (see, for example. Gumming 
and Brown, J.S.C.I. 1928, 47, 84T), and must be 
heated to 100°C. in a stream of dry hydrogen to 
free it completely (Browning, J.C.S. 1900, 
77, 1234). Heated in the absence of oxygen, the 
acid begins to decompose at 150°C. into HCN 
and “ Fe(CN)2.” The solubility of the acid 
in water at 14‘’C. is 13 g. per 100 g. of solution. 
The solution is readily oxidised by air at higher 
temperatures, forming a blue substance which is 
assumed to be Prussian blue; this reaction is 
used in calico printing for the production of blue 
patterns. 

Ferrous ammonium ferrocyanide, 
Fe(NH4)2[Fe(CN)g], 

is formed when ammonium ferrocyanide 
solution is exactly precipitated bj' a ferrous salt 
in the presence of an excess of an ammonium 
salt, oxygen being excluded. It is also formed 
when ammonium ferrocyanide is distilled with 
an acid in the absence of air. 

Ferrous potassium ferrocyanide, 

K2Fe[Fe(CN)g], 

(Everill’s salt) is produced by heating saturated 
potassium ferrocyanide solution for 40 hours at 
90°C. with an equal volume of 20% sulphuric 
acid, washing and drying the residue with 
exclusion of air (Hofmann, Heine and Hfichtlon, 
Annalen, 1904, 337, 1). The pale yellow product 
is not oxidised by air, and is therefore different 
from the isomeric salt obtained when solutions of 
potassium ferrocyanide and ferrous chloride are 
mixed (Hofmann, ho.). For this reason Reihlen 
and Zimmermann (Annalen, 1927, 451, 75) 
formulate it as K2[Fe^(CN)2]. 

Iron cyanide biue compounds. — The blue 
compounds of iron and cyanogen may be pre- 
pared by the interaction of ferric salts with 
ferrocyanides, or of ferrous salts with ferri- 
cyanides, in neutral or acid solution. The 
constitution of these compounds is discussed in 
greater detail on p. 473, but it may be stated 
here that they arc believed to be ferric ferro- 
cyanides. Midler has shown that the com- 
position of the unwashed precipitate initially 
formed depends on the relative quantities of 
reagents employed (Chem.-Ztg. 1914, 38, 281, 
328). Starting from potassium ferrocyanide 
and ferric chloride, Prussian blue is precipitated 
when the molar ratio K4Fe(CN)2/FeCl3 is 
less than 0-75 ; for values between 0'75 and 
0-92 the precipitate contains increasing quantities 
of KFe™fFe^i(CN)3], and when the ratio 
exceeds 0-92 the substance K2Fen[Feii(CN)3] 
is also present. Starting from potassium ferri- 
cyanide and ferrous chloride, a precipitate of the 
composition KFe2^Fe5™[Fen(CN)3]5 is ob- 
tained when the molar ratio K3Fe(CN)3/FeCl2 
is less than 0-714; between 0-714 and 0-75 
asub.stance KFenFe3iu[Fei^(CN)5]3 is formed, 
which Midler regards as ordinary Turnbull's 
blue; from 0-75 to 0-9 increasing quantities of 
KFe™[FeW(CN)5] are present, and finally, 
when the ratio exceeds 0-9 ordinary Prussian 
blue, Fe4™[Fe^i(CN)5l3, appears. 
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Blao cotapounds are also obtained bjr the I 
oxidation of ferrous ferroeyanide, and by the I 
reduction of fenic ferncyanide. All the Uue ' 
compounds are amorphous eubstancea contain-, 
ing indefinite quantities of water, some of which | 
13 BO tenaciously retained as to bo regarded as 
water of constitution. Their colour depends on 
the composition, water content, and parbde 
size, and vanes from pure blue to deep violet 
blue, a coppery metallic surface reflection being 
sometimes also present They do not form true 
solutions in water. The so called “ soluble 
blues" gne deep blue colloidal solutions with 
pure water, from which they can be precipitated 
bj the methods normally effective with colloidal 
solutions. “ Insoluble blues ’* are not peptised 
in pure water, but only in oxalic acid solution, 
and sometimes in acid or neutral oxalates and 
tartrates 

The blue compounds arc quite stable towards 
dilute acids Concentrated hydrochloric and 
sulphuric atids dissolie them with dccom- 
position, giving ferrous or ferric salt and hj'dro- 
ferro- or hydrofern cy.inic acid, the blue may 
bo ro formed on diluting the solution They are 
coagulated by alcohol Alkalis, or salts with an 
alkaline reaction, decompose them to give iron 
hydroxide and ferrocyanide. the rate of decom 
position varying with tho different compounds 
and providing a method of distinguishing them 
Colloidal solutions of Prussian blue (0 2 to 2%) 
are negatively charged, the blue being coagulated 
by kations, especnlly hydrogen ion 

The characterisation of different blues by 
analysis is dilGcuU. Simple analytical methods 
ere useless because the colloidal nature of the 
blues giics them the property of etrongly 
adsorbing dissoltcd salts from solution, and 
renders the usual methods of purification 
generally impracticable In addition, some blue 
compounds, which contain ferrous iron outside 
the complex radicle, are easily oxtdised by 
atmospheric oxygen, so that changes of com 
position mav occur during the manipulation 
of the original product, unless special pro 
cautions arc taken For this reason, the indirect 
method of analysis, by which the composilion 
of a precipitate is determined by mixing known 
quantities of the reagents and estimating the 
•iT.-wiit IaC*; ’J). xbA hsfA 

used by HIQUer and his school (ftluUer and 
Stanisch. J, pr. Chem. 1900, in), 79, 81; 
1900, [ 11 ], 80, 153; Muller, Wegelin. Treadwell 
and Dicfentbaler, tbid 1911, [ii], 84, 353; Muller, 
tbid. 1914, [ti], 90. 119) and by Wonnger 
{ibid. 1913, [ii], 87, 51), although the objection 
stiU holds that the precipitate is not a pure 
substance on account of adsorption. 

A descnption will now bo giicn of the more 
important types of blue compounds, the data 
referrmg in each caso to the solids obtained 
after exhaustive drying of the original precipi- 
tates with phosphorus pentoxidc. Our know- 
ledge of these compounds is largely based on th« 
work of Hofmann and his collaborators (Hof- 
mann, Heme and Ilbchtlcn, Annalen, ]9(H, 337, 

1 ; Hofmann and Reseoscheck, tbid. 1905. 340, 
207; 1905, 342, 304; Hofmann, Amoldi and 
Hiendliuaicr. tbid. 1907, 352. 54). The bhie 
compounds are now formulated either as salts of I 


hydwfcrrocyanie acid, H^tFe^fCN),], or » 
s^ts of a bydro'ferro ferricyanic acid, 
H[FenFe«t(CN)g] 

(see Constitution of the Blue Componinb, 
p. 473), and in the following section the forinul^ 
for both ay stems are quoted. 

Soluble Prussian blue, 

KFe»'[Fe“(CN)«]aq or 
K[Fe«Fe«MCN),>q. 
formed when cold neutral solutions of potai 
am ferrocyanide and ferric chloride are mixed, 
the ferrocyanide being in excess ; the precipitate 
IS washed with aqueous alcohol to free it fwm 
electrolyte, and dried in tacuo over sulpliunc 
acid or phosphorus pentoxidc The sarae 
substance is also formed by adding cold neutral 
ferrous salt to an excels of potassium fern 
cyanide solution, and similarly treating the 
precipitate (Skraup, Annalen, 1877, 186, 371, 
Hofmann, Heine and Hochtlen, Annalen, 1004, 
337, I) The w'Ster content of the dried Pub- 
stance is xariously reported as up to 4HjO. 
of which 2 molecules cannot bo icmoicd 
nithout decomposition, and are therefero 
regarded as constitutional The substance u 
soluble m water, giving a colloidal solution 
which IS coagulated by adding strong eicctrolytei 
or acids, and by alcohoi. It is also soluble in 
ovahe and solution 

Substanics of similar composition and but 
elightly different properties are obtained ly 
treating ferrous sulphatesolution with potassium 
ferrocyanide, and oxidising the whito ferroui 
ferrocyanide produced, either with afmosphenr 
oxygen or with hj dtogen peroxide When thu 
IS done in neutral solution, the product, 
KFeHJ[Fcti(CN),],HjO. 

IS soluble in water, but not in oxalic and solu- 
tion and IS iramediately decomposed by ammotui 
solution (Hofmann) MTien the preparation » 
carried out in the presence of 1% of sulphuric 
acid, on tho other hand, it yields an isomeric 
blue compound which is soluble m water and in 
oxalic acid solution, but is more stable toward* 
ammonia solution, requiring 6-7 minutes for the 
precipitation of feme hydroxide. 

A y.m v«.Vaw.w/« vnt'a/vti/imi '/)g}A.iA 

of potassium {Montkier'i blut) can be obtained 
by oxidising ferrous ammonium ferrocyanide 
» ith air or hydrogen peroxide. 

Insoluble Prussian blue, 

Fe,mrFen(CN)*],aq or 
Fe*»[Fe«Fe«nCN),]jaq, 
can be made by decomposing cold neutral or 
slightly acid potassium ferrocyanide solution 
with excess of feme salt, washing the pre 
cipitato with dilute hydrochloncacid and drying 
It iR vacua. It is also produced from soluble 
Prussian blue by digesting with feme chloride 
solution : 

3K[Fe«Fein(CN),]+FeCI, 

-Fe‘“[Fe«Feio(CN),],-i-3KCI; 
by oxidising ferrous ferrocyanide in the presence 
of excess ferrous salt ; and by oxidising insoluble 
Turnbull’s blue, a compound containing ferrous 
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iron outside the complex radicle {see below) 
(MuUer, Chem.-Ztg. 1914, 38, 281, 328). The 
•ivater content of the product varies considerably 
according to the treatment during preparation, 
but after long drying in vacuo over phosphorus 
pcntoxide reaches a lower limit of 10-11 H^O 
(Hofmann, Heine and Hochtlen, Annalen, 
1904, 337, 1). Further dehydration by heating 
above 150°C. is accompanied by decomposition. 
Insoluble Prussian blue does not give colloidal 
solutions with pure water, but only with oxalic 
acid, oxalate and tartrate solutions. 

Oxidising agents such as chlorine and nitric 
acid frequently give rise to green solutions and 
green precipitates (“ Prussian green ”), which 
are believed to be complex mixtures inter- 
mediate in composition between ferric ferro- 
cyanide and ferric ferricj'anide. 

Insoluble Turnbull’s blue, 

Fei^Fe 2 ™[Fen(CN)-],aq. or 
Feii[FeiiFeUi(CN)5]2aq., 

is produced by precipitating a solution of 
potassium ferricyanide with excess of ferrous 
salt, or by treating soluble Prussian blue with 
ferrous salt : 

2K[Fe«Fein(CN)«l-)-FeCl2 

= Fe“[FeiiFeui(CN)j2+2KCI. 

It is formed by the reduction of insoluble 
Prussian blue m’th ferrous ion or sulphite 
(Muller, J. pr. Chem. 1914, [ii], 90, 119). The 
water content of Turnbull’s blue is variously 
reported. The blue is colloidally soluble in oxalic 
acid solution, but not in water. Moderate 
oxidation, or reaction with ferric salts, gives 
insoluble Prussian blue : 

3Fe«[FeiiFeni(CN)6]2-t-2FeCI, 

=.2Fer«rFeKFeiii(CN)j]2-b3FeCl2 

Williamson’s blue or violet, 
KFera[Fen(CN)e],H20, 
is obtained by the oxidation of Everitt’s salt, 
K 2 Feii[Fe*^(CN) 5 ] with warm dilute nitric 
acid, or with an excess of hydrogen peroxide 
in the presence of dilute sulphuric acid (Hof- 
mann, Heine and Hochtlen, Annalen, 1904, 
337, 1). It is a violet-blue substance, not 
peptisablo in -water or in oxalic acid solution, 
giving only a greenish-blue turbid suspension 
with water. It is relatively unreactive, giving 
ferric h 3 'droxide with 4% ammonia solution, for 
instance, only after some hours. It is thus 
entirely different from the isomeric blues 
obtained by oxidising ferrous ferrocyanide (see 
Soluble Prussian Blue, above). It is a 
general rule that the precipitation of blues from 
hot acid solutions tends to produce substances 
of a more stable tj’pe, approaching Wilh'amson’s 
blue in properties. 

Commercial blues are usually mixtures of 
the compounds already described, and appear 
in commerce under such names as Paris blue 
bronze blue and steel blue (mostly containing 
potassium, and of superior properties), Prussian 
blue and mineral blue (less valuable products 
consisting of mi.xtures), and gas blue or Mon- 
thier's blue (containing ammonia). Of the three 
methods of manufacture, the reaction of ferrous 


salts with ferric 3 'anide (formation of Turnbull’s 
blue) has been discontinued, and the reaction of 
ferric salts with ferrocyanide (formation of 
Prussian blue) is rarely practised. The best 
blues are made by precipitating a ferrous salt 
with potassium ferrocyanide and then oxidising 
the precipitate (Gentele, “LehrbuchderFarben- 
fabrikation,” 1906). Paris blue, the finest quality 
of commercial Prussian blue, ma 3 ' be made by 
mixing 45 kg. of FeS 04 , 7 H 20 (a slight 
excess^ dissolved with exclusion of air in 250 
kg. of water, with 50 kg. of K 4 Fe(CN)j 
dissolved in the same quantity of water, and 
running the mixture into a further quantity of 
250 kg. of water. The precipitate is washed 
and filtered off to be oxidised by suspending it 
in water, dilute sulphuric acid or ferrous sulphate 
solution and treating it with nitric acid of sp.gr. 
1-23, ferric chloride solution (not in excess), 
chlorine, or potassium chlorate solution. The 
precipitate of Prussian blue is then u'ashed with 
water until free from sulphate or chloride, 
filtered and air-dried at 30-40°C. Chlorate is 
now said to be the preferred oxidising agent 
(Itzkovich and Shmul’yan, see Amer. Chem. 
Abstr. 1934, 28, 3997). 

Paris blue contains potassium ferric ferro- 
cyanide, and the presence of the potassium leads 
to an enhancement of the properties of the blue. 
If sodium is present instead (by making the 
preparation from sodium ferrocyanide) a less 
satisfactory colour is produced. Eibner and 
Gerstacker (J.S.C.I. 1912, 31, 1041) measured 
the potassium and water contents of a 
number of blues : steel blue and bronze blue 
contained 12% K and 6-5% HjO, Paris blue 
9% K and 10-5% HjO, commercial Prussian 
blue 1’5% K and 24% HjO. The rise of water 
content as the potassium content falls la marked, 
and may be explained as an effect of the electro- 
lyte (potassium ion) in “ salting out ” the colloid 
and reducing the water absorption. 

In commercial pigments, Paris blue is diluted 
with finely ground starch, hea-vy spar, gypsum, 
zinc white or burnt kaolin, and the mixture 
milled. Blues of very low quality are faced by 
rotating the dry cubes in a cask with a fine dust 
of pure Paris blue. 

Constitution of the Blue Compounds. — It 
is certain that all forms of blue contain both 
Fei’t and Fe'“, since ferrous ferrocyanide is 
white, and ferric ferricyanide is brown and 
soluble. Muller and Stanisch (J. pr. Chem. 
1909, fii], 79, 81) and Muller (Chem.-Ztg. 1914, 
38, 281, 328) calculated from the known normal 
potentials of the ionic reactions : 

Fe++ ^ Fe+++-f © 
and Fe(CN)6"'-F0^Fe(CN)e'"', 
that the equilibrium constant of the reaction 
Fe+++-FFe(CN)6"" ^ Fe++-i-Fe(CN)6'", 
I(=[Fe+++][Fe (C N)e""]/Fe++][Fe (C N ) „"']) 

is approximately I0~®, so that, in a solution con- 
taining all these ions, the equilibrium woidd be 
practically completely on the side of ferrous 
ferricyanide. P. Woringer (J. pr. Chem. 1913, 
[ii], 89, 51) was indeed able to show that ferri- 
cyanide is formed when ferric chloride reacts 
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with an excess of fcrrocyanide, snd concloded 
tbst a ferricyamde stracture most be assigned' 
to the blae compoonds. Jt is not permissib)^ | 
howerer, to deduce from eolation eqniLbna the 
composition of a precipitate, which is controlled I 
by BolobOity relationships. 14 for example, the | 
ratio of the solubility products of ferric ferro- . 
cyanide ([Fe+++jFe(CN),""J) and ferrouel 
ferricyanicb {[Fe'i-+JFe(CN)*"'J) is leas than| 
1(=I0~*), then practically complete precipita- 
tion of ferric ferrocyanide conld occur from a I 
Bointion containing ferrous and ferneyanldetona, | 
m spite of the fact that the ionic equilibritun 
is entirely in farour of the altematire componnd. . 

It follows that only one of the two altematiTe | 
compounds is stable, that Tn u tu re s of the two 
cannot exist in contact with solution, and that 
the compositjon of an eqnihbnnm product must | 
always be either ferrous femcyanide of ferric 
ferrocyanide, independent of the starting, 
materials. The ratio of the two aolnbflity | 
products is nnknown, for neither has been 
measured. On the basis of tbe Abegg-Bodlander I 
theory of electro-affinity, however, wo may pre- 1 
diet that the aoInhOity of the compounda formed 
from the more highly charged ions Fe+++ and 
Fe(CN)|"" of weaker electro-affinity will bo 
considerably lower than that of the compounds 
from the ions Fe++and Fe(CN)«'", of lower 
electroTaJency and stronger electro-affinity, 
so that the blue compounds are probably ferro- 
eyaoides. 

Ihe chemical evidence most be mteipreUd 
with cantion. The conclusions of Bofinann aoo 
hu coUaboraton (Annalen. 1904, 337, 1 . 
J907, 352, 64) that insoluble Prussian blue is 
femo fsTTOcyaiude, because it is formed from 
ferric femcyanide and hydrogen perosde. which 
reduces femcyanide and not femo ton, and of| 
Eibner and Gerstacker (^em.-Ztg. 1913, 37, 
137, 138. 195) that tbe blue compound made by 
the sulphite reduction of feme femcyanide is 
ferrous ferrieyamde, because sulphite reduces 
only feme ion, are unsound because the alterna- 
tive products might be funned from the ongtnal 
reduction products in each case by the operabon 
of lluUer's equihbnum. The best reason for 
regarding insoluble Prussian blue as feme ferro- 
cyanide is that it is not oxidised by oxygen < 
by hydrogen peroxide, so that its divalent iron 
in the complex : its method of formation from 
feme salt and soluble Prussian blue suggests 
that tbe soluble blue is also a ferrocyanide: 
and since Tnrnbull'a blue is produced from , 
soluble Prussian blue and ferrous salt, it must also 
be a ferrocyanide. 

The conception of Prussian and other blues as 
simple iron ferrocyauides is not entirely aatiS' 
factoiy, however, because It leaves unexplained 
their differing degrees of stability towards 
alkalis and oxidising agents, and does not account 
for their remarkably deep colours, which 
would sot be expected of compounds formed 
by tbe simple combination of fecbly-colomed 
ions (Hantzscb, Z. physikaL Cbcm. 1910, 72, 
362). Beihlen and Zimmermann (Ann^en. 
1927, 451, 75; 1929, 475, 101) and Beihlen 
and von Kumzner (Annalen. 1929, 469,30) have 
pot forward the view that the iron cyanide 
complex in the blue compounds contains both 


Fe“ and Fe™, with which CN is co onlinated. 
They apply the same principle to other iasoJublc 
fecTocyamdro such as the cupric and zinc salts, 
the Fe™ in the blue complex being replaced in 
these cases by Cu“ and Znti respectively, and 
to double aalU of ferrocyanide. such as Eventt’s 
salt, K,Fe[Fe°(CN)g], which they write as 
Kj(Fe**j(CN),] This method of formulation 
aimpIiHea considerably the constitutional pro- 
blems of the iron cyanogen blue compounds. 
Only two alkali free compounds are possible- 
(a) Fei“[FenFe™{CN)4]3. in which one- 
sevETith of the total iron is i^ucible by sulphite, 
and which is readfly identified with insoluble 
Prnasian blue, and (6) Fen[Fe^Fetn(CN),'Ij, 
m which one-fifth of the total iron is oxidjsable 
by hydrogen peroxide, and which is Turnbull's 
bine; and soluble Prussian blue is the potassium 
sail of the ferro fern complex 

K[FenFei»(CN),]. 

The interconversions of soluble and insolabla 
Prnasian blnea and Turnbull's blue are readily 
explained. Cambi and Clenci (Gazzetta, 1928, 
58, 57) accept the theory of the complex con- 
taining both divalent and trivalent metab co- 
ordinated with c) anide for all coloured complex 
cyanidea; for example, the bluish-green ferrous 
mangaaicyanicle, usually written 
Fe,n[MnJD(CN)Jt, 
is decomposed by alkali into manganic 
hydroxide, Mn(OH)„ and ferrocyanide, 
whereas the colourless ferrous cobalticyamde 
Fe,u(Co™(CN).],, gives feirons hydroxide, 
Fe(OH)M and cobalticyamde. Hence the colour- 
less coh^t compound is comctly formulated 
above, but the coloured manganeso compound 
should be written Mn“»tFe«Mnn (CN),],, 

- ■ as a simitar more complex derivative. 

Potassium ferrocyanide. “ yellow prussiate 
of potash,” K,Fe(CN)4,3H,0, ctystalluc* 
from aqueous eolutiooa in large, monoclmie 
tetragonal pyramids of sp gr. 1 86. The crystab 
are stable in air st the ordinary temperatore, 
but begin to lose water at 6(PC., bemg com- 
pletely dehydrated at 100°C. to give a white 
powder. On further beating in the absence of - 
oxygen, tbe powder decomposes, first mto 
Williamson’s salt, K,Fc[Fe(CN),]. without 
gas formation, and then below red beat into a 
mixture of potassium cyanide, carbon and iron, 
with nitrogen escaping. According to Hackspill 
and Pinck (Buff. Soc. chim. 1931, [iv], 49. 64) 
considerable quantities of cyanogen are obtained 
at 300-400°C. The salt is soluble in water, 
giving the following saturated solutions 
(Farrow, J.C.6. 1926, 129, 49) ; the soluhihlies 
are expressed as grams of a^ydrons salt in 
100 g. of solution : 

Temp.'C. 24 9 34 9 49 8 

Solubility 23 95 28 01 33 13 

Density 1-173 1-202 1 235 

Temp. *0. 64-7 79 0 W7 

Solubility 36 9» 40 45 43 78 

Density 1-264 1-285 1 312 

It is insoluble in alcohol 
Potassium and other ferroejanides are com- 
pletely decomposed by boiling with mercuric 
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oxide, giving the undissociated mercuric cyanide, 
ferrous hydroxide and potassium hydroxide. 
They are also decomposed by aurous cyanide or 
hydroxide, or by finely, divided gold in the 
presence of oxygen, the complex aujocyanide 
being formed, as in the cyanide process for 
dissolving gold (see vnder Gold Cyanides, 
p. 486), together -with ferric hydroxide (Beutel, 
Z. anorg. Chem. 1912, 78, 141). 

Sodium ferrocyanide, 

Na4Fe(CN)e,10H2O, 

crystallises in large lemon-yeUow monoelinic 
prisms or rhomhohedra, stable in air at the 
ordinary temperature, but completely de- 
hydrated at about 100°C. The dry salt de- 
composes like the potassium salt on strong heat- 
ing. The concentrations and densities of 
saturated solutions have been measured by 
Farrow (J.C.S. 1926, 129, 49) ; solubilities are 
e.xpressed in grams of anhydrous salt per 100 g. 


of solution : 




Temp. °C. 

24-9 

34-9 

49-8 

Solubility 

17-11 

20-58 

26-20 

Density 

1-131 

1-158 

1-200 

Temp. “C. 

64-7 

79-6 

84-7 

Solubility 

31-43 

36-85 

38-15 

Density 

1-243 

1-279 

1-292 

Temp. “C. 

89-6 

94-7 

99-7 

Solubility 

38-08 

38-25 

37-53 

Density 

1-296 

1-287 

1-286 

A transition 

m .won 

point to a lower hydrate occurs at 


81-7'’C. 


Zinc ferrocyanide, Zn2Fe(CN)5,6H20, is 
a white amorphous precipitate obtained by the 
action of calcium or hydrogen ferrocyanide on 
excess of zinc chloride in aqueous solution. 
When other soluble ferrooyanidos are used, the 
precipitate contains varying amounts of the 
other metal (see Treadwell and Chervet, Helv. 
Chim. Acta, 1923, 6, 559). Reihlen and Zimmer- 
mann (Annalen, 1927, 451, 75) postulate the 
existence of complex anions containing both zinc 
and iron, analogous to the copper ferrocyanides 
and to the Prussian blues. Zinc ferrocyanide is 
insoluble in dilute acids, completely soluble in 
alkalis with formation of ferrocyanide and 
zincate, but only partiallj' decomposed by alkali 
carbonates. 

Hexamethylcarbylamine ferro-salts. — 
By the action of methyl sulphate on dry 
potassium ferrocyanide, or of methyl iodide on 
silver ferrocyanide, E. G. J. Hartley (J.C.S. 
1910, 97, 1066, 1725; 1911, 99, 1549; 
1912, 101, 705; 1913, 103, 1196) has 
obtained a series of salts of the general 
formula [Fe(CNCH3)g]R2, ^ being a univalent 
acid radicle and the iron cyanogen complex 
acting as a kation. On heating with con- 
centrated sulphuric acid, or on boiling with 
aqueous caustic soda, they are decomposed with 
quantitative production of methylamine or 
methylcarbylamine, showing that all the nitrogen 
atoms are linked to methyl groups. 

Tetramethyl ferrocyanide. 


is formed when hexamethylcarbylamine ferro- 
chloride, [Fe(CNCH3)8]Ol2, a representative 
of the above class of compounds, is heated at 
140-150°C. in vacuo for 6-9 hours, when methyl 
chloride is split off. Hexamethylcarbylamine 
ferrochloride itself is produced when 

[Fe(CNCH3)e][CH3S04]2, 

the initial product of the interaction of potassium 
ferrocyanide with dimethyl sulphate, is boiled 
xvith hydrochloric acid or barium chloride. 
There are two isomeric forms of tetramethyl 
ferrocyanide, both of which are present in the 
above product. The o-isomer is much more 
soluble in water and organic solvents than is the 
)3-isomer, and crystallises with 2 molecules of 
water of crystalfisation, against 6 in the case of 
the )S-isomer. The a-isomer does not dissociate 
electrolyticaUy in solution, but the )5-isomer 
(according to Hblzl, et al., Monatsh. 1927, 48, 71) 
is an electrolyte. The o-compound combines 
with methyl iodide at 100°C. to give hexamethyl- 
carbylamine ferroiodide, but the j8-compound 
has no reaction. No method of converting one 
form into the other has been discovered. 

Ferricyanides. 

Technical Methods op Prepakation. 1. By 
Chemical Oxidation of Ferrocyanides . — ^The 
commonest oxidising agent is gaseous chlorine, 
which may react either with solid potassium 
ferrocyanide, in which case the product is a 
solid containing potassium chloride, or with a 
cold 10% solution of ferrocyanide : 

2K4Fe(CN)5-fC)2=2K3Fe(CN)5-f-2KCI 

The reaction is stopped when the conversion of 
the ferrocyanide is just completed, for excess of 
chlorine destroys the complex radicle. In 
practice, a small amount of Prussian green is 
always formed, which spoils the appearance of 
the product. The difficulty may be avoided 
by evaporating the solution to the crystallising 
point and then adding caustic potash to decom- 
pose the Prussian green into ferric hydroxide, 
which can be filtered off, and potassium ferro- 
cyanide, which is apt to contaminate the 
cry'staUised ferricyanide. A yield of 85-90% 
is obtained in the process. 

In order to overcome the above objections to 
the use of chlorine, lead peroxide, calcium 
plumbate and potassium permanganate have 
been suggested as alternative oxidising agents, 
but have achieved no technical importance 
(Aten, Chem. Weekblad, 1921, 18, 140). More 
recently, the use of air containing carbon dioxide 
at a pressure of 80 to 120 atmospheres and a 
temperature of 80“ to 100°C. has been proposed 
(Gluud and Keller, U.S.P. 1872929, 1932) for 
oxidising potassium ferrocyanide solution. W. 
Klempt (U.S.P. 1908516, 1933) describes a 
similar process for calcium ferrocyanide solution. 

2. By Electrolytic Oxidation of Ferrocyanides . — 
The electrolysis of ferrocyanide solutions gives 
rise to ferricyanide and alkali at the anode : 


fp (CNCH3)4 

L^®(CN)2 


] 


Fe(CN)3'"'=Fe(CN)e'"-b0; 

H20-h©=0H'-biH2 
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This method of converting ferroeyanide into 
ferricyanide has been investigated by Grabe 
from the electrochemical standpoint (Z. anorg 
Chem. 1914, M, 190; 2. Elektrachein. 1914, 
20, 334). In practice, the electrolysis of neutral 
ferrocyanido solutions is earned out at 60®C. 
in diaphragm cells vith nickel electrodes 
I’otassmm ferricyamde crystallises out from the 
anode liquor on cooling, and the mother 
liquor is replenished uith ferrocyanidc and 
returned to the cell. The purpose of using a 
diaphragm is to prevent reduction of fern 
cy anide at the kath^e, mth conscqncnt decrease 
of current efBciency. According to Paueck and 
Hirsch (Z. Elektroehem 1928, 34, 684), the 
diaphragm can be omitted if an alternating 
current is superimposed on the direct current 
Properties or the Feheicyanides — Potas- 
sium ferricyamde, '* red prussiate of potash,” 
KjFe(CN),, IS prepared m the laboratoiy by 
the electroiy tic ovidation of an alkaline solution 
of potassium fcrrocyanide, or by the technical 
method of oxidation uith chlorine. The 
salt crystallises anhydrous from water in mag 
nifieent, deep red, monoelimc prisms, of density , 
1-858 (Blitz) The crystals arc isomorphous 
with the cobalti , mangani . and cbromi- 
cyanides of potassium The salt is decom- j 
posed by 20% sulphune acid, on healing to I 
yield hydrocyanic acid, and with 80% acid it 
gives carbon monoxide and carbon dioxide 
(Bassett and Corbet, J C S 1924, 125, 1366) 

The properties of saturated solutions have been 
measured by Friend and Smirles (JCS. 1928, 
2342) ; the aolubilities arc expressed lo 
grams of salt per 100 g of solution. 

Temp. *0. 0 1 7 8 15 7 

Solubility 23-22 26 90 30 35 

Density — 1 157 1 174 

Temp «C. 22 1 26 3 39 9 

Solubility 32 08 33 06 37 22 

Density 1 187 M93 1 212 

Temp. ®C. 68 81 90 

Solubility 41 10 44 70 47 60 , 

Density 1 227 — — I 


The aqueous solution is decomposed by hght to 
give ferrocyanide. The solution is not i 


stable as ferrocyanide solution, for on heatinc 
with carbon dioxide at 8&-100°C. it ” -- 


I appre- 


ciably hydrolysed with the formation of penU- 
cyanide. Ferncyanides in caustic potash sola- 
tion arc relatively strong oxidising agents, 
decolourising indigo instantaneously, and bemg 
also reduced by hydrogen peroxide with hbera'’ 
tion of oxygen. 

Ferric ferricyanide. — ^Vhen fcmcyatmlB 
and feme salt solutions are mixed a radish- 
brown colloidal solution is obtained, which is 
bebeved to contain ferric ferricyamde. Haller 
(KoUoid 2., 1917, 20, 76) examined the solution 
nltramicroscopically, and showed that the 
colloidal particles gradually increase in eize and 
a green substance separates out. Bethlen and 
von Kummer (Annalen, 1929, 469, 30) produced 
brown, slightly soluble microcrystals of 
Fe2(CN}g, 214(0 from acid solutions of 
polaissium ferneyanide and ferric nitrate. Green 
feme ferncyanides are obtained by boiling 
Prussian blue with concentrated mtric acid, 
or from potassium femcyanide and feme 
chloride. 

Pentacyanides. 


As already mentioned (p 466). the icon heia. 
cyanides can undergo & decomposition of tbs 
complex by which one lonjo cyanide group u 
replaced by a molecular group, giving a new 
pentacvanide complex with a valency lower 
than that of the original complex The mnt 
important transformations of hcxacyamdea into 
pentacyanides are bsted in the table below. 

Other substituents which may bo found in 
complex pentacyanides aro NO), AsQ{, 80|, 
NHj, and substituted ammonias. 

The correct conatitution of the nitroptii&svks 
was first given by Gerhardt (Traitd ds cbimie 
organique, 1853, I, 344). K. A. Hofmann 
earned out extensive work on their reactions 
(Z. anorg. Chem 1695. 10, 262; 180C, 11, 
31, 278; 1896. 12, 146), and was able to 
explain his observations on the basis of the co- 



J'snocj amde lfe(CN)4|"'’giics 

rerrlcyanldc [FefCN),]'" 8l'<» 

By warming aqueous solutions,] 
action of light or acids 

By action of 8trongoxidisingagents| 
on solutions ) 

By heating solutions with carbon 
monoxide 

By warming with nitric or mtrous 
acid 

aquopentacyanoferroate, 
(Fe(CN)sHjOj'" | 

carbonylfcrrocyanide, 

(Fe(CN)jCOr' 

' nitrosopmssiate, 

1 lFe(CN),NOr 

' (nitroprusside) 

aquopentacyanofernate. 

[Fe(CN)5H,OJ" 

carbonylferrocyanido, 

[Fe(CN)5CO]"' 

nitrosoprnssiate, 

(Fe(CN)5NO]'' 

(nitroprusside) 


ordination theory (Hofmann, Annalen, 1900, 
312, 1). Other important work on the tran. 
Bition of bexacyanides into pentacyansdes is 
described by Jlanchot (Ber. 1912, 45, 2869},' 
Cambi (Cazzetta, 1011, (i], 41, 157) and Jimori 
(Z. anorg. Chem. 1927, 167, 145) 

Potassium carbonylferrocyanlde, | 

K,[Fe(CN)4CO]H(0, 


IS formed by the action of carbon monoxide 
on an aqueous solution of potassium ferro 
syanide at 135'C. in a sealed tube (MuUcr.Ann 
sdnm. phys. 1889, [vi], 17, 94) ; 
K.Fe(CN).-}-C04-2H,0 

= K3[Fe(CN)5CO]+NHj+HCOOK 

It may also be made by heating potassium 
ferrocyanide with sulphuric acid until the cvolu- 
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tion of carbon monoxide begins, and then 
cooling {see Holzl, Monatsh. 1930, 56, 79). 
Carbonylferrocyanides are present in the 
cyanide mud and spent oxide of the purification 
plant of gas works ; according to Colman 
(Analj'st, 1908, 33, 261), from 2 to 5% of the 
cyanogen (and sometimes as much as 20%) is 
present in this form. When cyanide mud and 
spent oxide are extracted with caustic soda, and 
the extract mixed with 5 times its volume of 
methylated spirit, the sodium ferrocyanide 
crj'stallises out completely in a few hours, after 
which the carbonylferrocyanide can be pre- 
cipitated as the amorphous, deep violet ferric 
salt by adding ferric chloride to the acidided 
solution. The deliquescent calcium salt, which 
crystallises with 8 molecules of water, is obtained 
by boiling the ferric salt with milk of lime. 
The copper salt, a green precipitate soluble in 
excess of ammonia, is characteristic. The 
carbonylferrocyanides resemble the correspond- 
ing ferrocyanides, but are paler in colour, more 
soluble in water, and more stable towards 
oxidising agents. 

Sodium nitroprusside, 

Na2[Fe(CN),N0]2H,0. 

is made by the action of dilute nitric acid on a 
ferrocyanide solution (Playfair, Phil. Mag. 1850 
[3], 36, 197). The solution is neutralised with 
sodium carbonate and evaporated to crystallise 
out potassium nitrate, which is separated before 
finally crystallising the nitroprusside. The 
mechanism of its formation is that the nitric 
acid oxidises the ferrocyanide to ferricyanide, 
itself being reduced to nitric oxide, and the 
two products then react in accordance with the 
equation : 

Fe(CN)j"'-bNO-bH'*' 

= [Fe(CN)5NO]"-bHCN 

The salt can also be formed from solutions of 
ferrous sulphate, sodium nitrite and potassium 
cyanide. It crystallises in dark red prisms, 
soluble in 2J parts of water at IG^C. The 
solution is not precipitated by a ferric salt, and 
gives a deep violet coloration with alkali 
sulphides. 

Sodium aquopentacyanoferroate, 

Na3[Fe(CN)5H20]5H20, 

is obtained by the action of reducing agents 
such as phenylhydrazine or hydroxylamine, 
or of oxidising agents such as potassium 
h^obromite or hydrogen peroxide, on sodium 
nitroprusside solution below 0°C. The NO 
group of the nitroprusside is replaced by water, 
and the iron of the complex is converted from 
F e^i to F ei'. In the latter respect, the action of 
hydrogen peroxide is analogous to its behaviour 
with ferricyanide, which it reduces to ferro- 
cyanide. The salt crystallises in reddish-yeUow 
needles, giving an intensely yellow solution 
which does not yield a violet coloration with 
alkali sulphides. 

Sodium aquopentacyanoferriate, 
Na 3 [Fe(CN) 3 H 30 ], 


■ V 

is obtained by oxidising the ferroate com- 
pound (described above) with bromine water. 
It is a deep violet-blue substance. The corre- 
sponding potassium salt is obtained by the action 
of excess chlorine on potassium ferricyanide, 
and is identical, according to Cambi (Gazzetta, 
1911, 41, I, 57), with the “potassium per- 
ferricyanide ” obtained by Bong (BuU. Soc. 
chim. 1875, [ii], 24, 268) and Skraup 

(Annalen, 1877, 189, 368) by the action of 
potassium chlorate on potassium ferricyanide 
solution. ' 

Constitution oi the Complex Ikon Cyan- 
ides. — According to Werner’s co-ordination 
theory (“Neuere Anschauungen aufdem Gebiete 
der anorganischen Chemie,” 5th ed., 1923), 
complex salts are to be regarded as built up 
by the “ co-ordination,” through co-valent, non- 
ionisable linkages, of a number of atomic 
groups round a central atom, giving a more or 
less stable nucleus. According to the nature of 
its component parts this nucleus may or 
may not be able to combine with other atoms 
by means of electrovalent, ionisable links. The 
significance of the square brackets in the usual 
method of writing Wernerian formula! is that 
all the linkages between groups within the 
brackets are non-ionisable. The eo-ordination 
number of the central atom bears no obvious 
relation to its valency; the maximum co- 
ordination number of carbon, nitrogen and 
boron is 4, of the great majority of elements 
is 6, and of some of the heavier elements 
(e.g. molybdenum and tungsten) is 8. 

The great stability of the ferrocyanides and 
ferricyanides has already been mentioned. 
The first decomposition of the complex ions is 
the removal of one cyanogen ion, which is 
always replaced by another molecular group, 
such as HjO, NO, or CO, giving a new complex 
in which the iron atom is still associated with 
six groups. Thus the whole series of complex 
iron cyanides, derived from divalent and tri- 
valent iron, provides an example of co-ordinated 
compoimds in which the iron (in either valency 
state) has a well-defined co-ordination number of 
6. The following list of compounds illustrates 
the way in which the eleotrovalenoy of the 6- 
co-ordinated complex is altered by the abstrac- 
tion of one or more cyanide ions, to bo replaced 
by the same number of neutral atomic groups : 


I'ciro series. 

Ferri series. 

Complex 

form. 

[Fe“(CN)5]-'" 4K+ 

[Fe”'(CN)e]'" 3K+ 

anion 

[regN).J'" 3K+ 

[Fe(?(^)6]'' 2K+ 

anion 



not 

ionised 

(Fc(CNCH3)s]++ 2CI' 


kation 


• The corresponding ferricyanide derivative is want- 
ing (Hartley, J.C.S. 1914, 105, 521). 


In the case of a complex containing six co- 
ordinated groups, Werner held that the six 
groups are arranged symmetrically at the corners 
of a tegular octahedron, the co-ordinating atom 
being at the centre. Hence complexes of the 
general formula: Ma^bj and Maghj should 
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osist in the two stereoisomeric forms repre- 
sented by : 



for the second. Hartley’s two jsomcnc tetra- 
mcthyl ferrocyamdes (p. 475) are regarded as 
stereoisomers by Giasstone (J.CS. 1D30, 321), 
and the same may be true of his isomenc 
trimethyl cobalticyanidea (liid. 1914, 105, 621). 

On the other hand, no isomerism would bo 
expected in the simple ferro and fem-cyanides. 
Bnggs (iJid 1911, 99, 1019) described a- and 
P isomers of alkali ferrocyamdes with sbght 
differences in physical properties, but Bennett 
(«6id 1917, 111, 490) showed that the two forms 
are crystallographically identical, and Piutti 
(Bar, 1912, 45, 1830) and Getinan (J. Physical 
Chem 1921, 25, 147) found no differences in 
tho absorption spectra Locke and Edwards 
(J. Amer. Chem. Soc. 1899, 21, 193, 413) 
described the conTcrticm of ordinary ted 
a potassium femcyanidc into an isomeric green 
P modification by treatment with acids The 
green product bad a different crystallme form, 
absorption spectrum (German, 1 c ), and chemical 
properties (Dellucci and Sabatini, Atti R 
Accad Lmcei, 19U, [V], 20, I. 176). The 
view is now held by Briggs (J C S. 19M, 117, 
1026; J. Physical Clem 1928, 32, 1422) that 
no isomerism exists in the aUcab ferro- and 
fem-cyamdes, the observed differences m the 
properties of the ^ forms being due, in the case of 
urrocyanide, to the presence of small amounts 
of aquopentacyanoferroate, Kj[Pe(CN),H,OJ, 
and in the case of ferrtcyanidc, to the existence 
of a double salt between fcmeyaniclc and aquo 
pentacyanoferriate having the formula 

3K,[Fe(CN),] K,[Fe(CN),H,0]. 

It is a shortcoming ofWemer’s theory that bis 
structural formula! lack the definiteness of those 
of organic chemistry, and that the existence is 
implied of a new kind of valency for the co- 
ordinating atom, having no relation to its 
normal electrovalency or covalency. Tho 
diSiculty has been dispelled by tho appbea- 
tion of the electronic mechanism of valcncj- to 
CO ordination (Sidgwick, J C S 1923, 123, 72‘i ; 
“ The Electronic Theory of Valency,” 1927). 
According to tho electronic interpretation, a 
covalent, non-ionisable linkage is formed by tho 
sharing of two electrons between the combining 
atoms, each electron simultaneously forming a 
part of the stable electron configurations of 
both atoms. In the normal covalent link, one 
shared electron is provided by each of the atoms, 
but in the co ordinated link both arosupplicd 
by one of tho atoms, termed the " donor ” 
Hcnco a co ordination number cf 4 corre- 
sponds to tho formation of a stable octet of 
electrons, and of C to the formation of a ring of 
twelve, another stable configuration 

While tho concept of 6-co ordinated iron 


gives a satisfactory representation of the pro. 
pertiw of the simple ferro- and ferri-cyanides 
of tho alkali and allmline earth metals, difficnltiM 
axiso in the case of the heavy metal salts such as 
Prussian blue, copper feirocjanide, and tine 
feiTocyanlde, which have been met by the 
assumption of a complex having two nuclear 
atoms, eff. Fe**and Fe*“in the case of Prussian 
blue (gee under Constitution of tho Blue 
Compounds, p. 473), 2n and Fe** in the ease of 
zme ferrocyanide. In these cases tho co ordina- 
tion number of each of tho nuclear metallic 
atoms js probably 4. Similar hi nuclear 
complexes may exist m tho numerous double 
salts formed by ferrocyamdes, tho less clectco- 
positive of the two mctnls tending to enter the 
fcrrocyanido complex. In this eonnection it is 
of interest to note that Berkele 3 ’, Itartlcy and 
Stephenson (Phil. Trans. 1909, 209, A, 319) 
conclude, from measurements of the osmotic 
pressure and electrical conductivity of solutions 
of ferrocyamdes of calcium and strontium, that 
theso salts give in solution undissociated mole 
cules of twice the simple formuJa-Heights, 
■ndicatmg a tendency to similar hinuelcar com- 
plex formation even in the alkahno earth ferro- 
cyanides. 

11. ALKALI METAL CYANIDES. 

Technical Methods or PBEraBAnoN — 
1. From Ferrocyamdes The earliest methoil of 
preparing potassium cyanide from ferrocyanide, 
due to Berzelius, consisted in heating dry 
potassium ferrocyanide to redness; 

K,Fe(CN)e=4KCN-i-Fe-|-2C-|-N, 

A 33% loss of cyanogen occurs in this reaction, 
which can be reduced by adding potassium 
carbonate so that the fusion is carried out with a 
nuztnro of 8 parts of ferrocyamde to 3 parts of 
potash (F. and E. Rodgers, thil. Mag. 1834, [3], 
4, 91). The melt is allowed to » and until the 
iron and carbon have separated out, and is then 
poured into moulds, giving white, porcelain like 
cakes contammg from 30 to 70% of KCN. 
This product was used until about 1890 for 
electroplating and other purposes. Liebig showed 
that cyanato was formed during tho reaction, 
thus: 

K«Fe(CN)j-|-K,CO, 

=BKCN-i-KCNO-i-Fe+CO, 
Fleck (•' Die Fabnkation chemiachcr Produkte 
aus fierischen Abfallen," 1862) and Chaster 
(B.P. 159 tl of 1601) proposed the use of charcoal 
to rcduco the cyanate, but it appears unhkely 
that this reduction would occur at the relatively 
low temperatures used m the fusion. 

Erlenmej'Cr (Ber. 1876, 0, 1840) described a 
much more advantageous process, in whi h a 
pure product containing approximately 40% 
CN (equivalent to 100% KCN) waa obtainw 
by fusing dry potassium ferrocyanide with 
m^llic ^lum in the propottions required by 
the equation . 

K4Fe(CN),-i-2Na=4KCN+2NaCN-f-Fe 
The process became technically important in the 
hands of the Deuta. Gold u. SiJber Scheide- 



CYANIDES. 


anstalt vorm. Eoessler, V. Intern. Kongress fur 
Angewandte Chemie, Berlin, 1903, 1, 638) when 
sodium became a commercial product in 1890. 
The spongy iron is filtered off from the melt and 
then pressed out while still red-hot; the 
filtered cyanide is cast in cakes and gives a very 
pure commercial product. Since 1905, sodium 
ferrocyanide has been used instead of the 
potassium salt, and the product is almost pure 
sodium cyanide. In England the surplus of 
ferrocyanide from gas works over that required in 
the colour industries was formerly converted into 
cyanide by this process. Modifications have 
been described by Hetherington, Muspratt and 
Hurter (B.P. 5832 of 1894), who used a sodium- 
lead alloy instead of sodium and obtained a 
three-layer product, the powdered iron floating 
between the upper liquid cyanide and the 
lower liquid lead, and by Crowther and Rossiter 
(B.P. 9275 of 1894), who used zinc alone for 
reducing the ferrocyanide, subsequently decom- 
posing the zinc cyanide by fusion with alkali 
carbonate. Neither modification has achieved 
practical importance. 

2. From Ammonia and Alkali Carbonates . — 
Two important processes which have been large 
producers of cyanide, utUising the same reactions 
but under considerably difierent working 
conditions, fall under this head. In Sieper- 
mann’s process (G.P. 38012 of 1886; B.P. 
13697 of 1889, 9350 and 9351 of 1900) a dry 
mixture of 2 parts of wood charcoal and 1 part of 
potassium carbonate is introduced into the upper 
end of a vertical iron retort, and is treated at a 
dull red heat with dry ammonia gas introduced 
at a point about half-way down the length of the 
retort. Absorption of the ammonia occurs with 
production of potassium cyanate, probably 
through the intermediate formation of potassium 
carbamate (according to Pfleger, see Deuts. 
Gold-n.-Silber-Scheideanstalt vorm. Roessler, 
V. Intern. Kongress fur Angewandte Chemie, 
Berlin, 1903, 1, 638) ; 

CO(OK)2-l-NH3=CO(NH2)OK-f-KOH 

C0(NH2)0K=KCN0-1-H20 

The product then falls into the lower part of the 
retort, which is maintained at a bright red heat. 
At the higher temperature the cyanate is con- 
verted into cyanide, and carbon monoxide is 
produced which escapes through the upper part 
of the retort with the hydrogen formed by the 
decomposition of some of the ammonia. Accord- 
ing to Pfleger (l.c.) the conversion of the cyanate 
proceeds in two stages : 

2KCN0=K2CN2-}-C02 

(c/. Drechsel, J. pr. Chem. 1877, [ii], 16, 201, 
on a similar decomposition of alkaline earth 
cyanates), and 

K2CN2-i-C=2KCN 

Drechsel, J . pr. Chem. 1880, [ii], 21, 77) ;finalty : 

C02-fC=2C0. 

Some of the potassium cyanamide may decom- 
pose directly into cyanide, potassium and 
nitrogen, as this reaction is Imown to occur 
below 800°C. in the absence of excess charcoal. 
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The product of Siepermann’s process is allowed 
to cool out of contact with air, and is then 
systematically leached with exclusion of air 
(B.P. 9351 of 1900). Potassium cyfinide may be 
precipitated from the extract by adding excess of 
potassium carbonate, or better by evaporating 
nearly to dryness and extracting imchanged 
potassium carbonate with a minimum quantity 
of water at 66°C. The residue, containing 
potassium cyam'do and some unconverted 
cyanate, is treated with refrigerated water 
(between —18° and -l-5°C.) to dissolve the 
cyanide and leave the cyanate, and the cyanide 
is ciystaUised as a damp, deliquescent mass 
(B.P. 9352 of 1900). This product had to be 
fused with cyanide produced from ferrocyanide in 
order to make it suitable for export to the gold 
mines. 

The second process of this kind is the Beilby 
process (B.P. 4820 of 1891), which first became a 
producer in 1892, the same year as Siepermann’s. 
Gaseous ammonia is forced through molten 
potassium carbonate, and the addition of char- 
coal is made gradually, the total quantity added 
being hardly more than that theoretically 
required by the equation : 

K2C03-f4C-b2NH3=2KCN-b3C0-b3H2 

In this way the leaching step of Siepermann’s 
method is avoided, for it is possible to run off 
the molten mass from the retorts, through 
filters for the small amount of unreacted 
charcoal, directly into moulds to give a white, 
saleable product. In practice, previously made 
oyamde was added to the potassium carbonate 
on starting the process, in order to lower the 
melting-point of the reaction mass, and the 
passage of ammom'a was continued until an 
analysis of the melt showed that the reaction was 
complete. The reaction temperature was 900- 
1000°C., and the formation of cyanate and its 
conversion into cyanide occur simultaneously. 

As regards the relative merits of the two pro- 
cesses, Siepermann’s gives higher yields of 
cyanide based on the ammonia used because, at 
the lower temperature of the first stage reaction, 
less decomposition of ammonia into its elements 
occurs. The higher temperature in BeUby’s 
process is necessary, however, for the main- 
tenance of a reasonably high rate of reaction 
since by working in a medium of molten salt the 
advantage of the large surface exposed by 
Siepermann’s dry mass of alkalised charcoal is 
sacrificed. The dissociation of the ammonia 
in Bcilby’s process is minimised by introducing 
the gas into the retort through tubes lined with 
copper, this metal having no catalytic effect on 
the decomposition of ammonia. The yields on 
ammonia actually obtained are 80-85% in 
Siepermann’s, and 55—60% in Beilby’s process. 
According to Eeadman (J.S.C.I. 1889, 8, 757) 
it is possible to obtain an almost quantitative 
yield by working at a low enough temperature. 
The great advantage of Beilby’s process is the 
easy working-np of the product into a readily 
marketable form. 

3. From Ammonia and Alkali Metals . — ^The 
reaction of sodium with charcoal and ammonia 
to give sodium cyanide was proposed by Castner 
in 1894 (B.P. 12219 of 1894; G.P. 90999, E.P. 
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239643), and rapidly became the most important 
process in use for cyanide manufacture. The 
complete reaction is represented by the equa- 
tion : 

2Na-i-2C-t-2NH3=2NaCN+3H, 

According to Castner’s earlier claims (B P. 
21733 of 1894), the reaction is best carried out in 
two stages, in the first of which liquid sodium 
is allowed to react with dry ammonia gas at 
SOtMOO’C. m ft horizontal east iron retort fitted 
with a senes of vertical baffles to increase the 
length of passage of the gas over the liquid 
Sodamide is formed, which is stable up to tem- 
peratures approachmg 500®C. (Titherley, J C S. 
1894, 65, 6041: 

2Na-l-2NHj=2NaNHj-l-H, 

In the second stage the molten sodamide is run 
on to red-hot wood charcoal in ft vertical 
cyhndncal retort Carbon absorption occurs 
with the formation of sodium cyanamide, a 
compound which is relatively stable up to COO’C 

2NaNH,-l-C=Na,CNj-f-2H, 

^ Cyanamide may also be formed, according to 
4 Pfleger, by the interaction of sodamide and 
sodium cyanide abeady formed 

NaNH,-(-NaCN-Na,CN,-l.H, 

The second stage of the Castner process is com- 
pleted by raising the temperature of the cyanis 
ing furnace to 700-800'C , when the cyanamide 
melt absorbs further quantities of carbon to 
form molten cyanide : 

Na2CN,-j-C=2NaCN 

According to Q.P. 148046 (Deuta. Goldu- 
Silber-Scheideanstalt vorm. Poessler), it la 
possible to carry out the whole process in one 
retort, the sodamide being produced at the 
lowest possible temperature, and the tempera- 
ture then gradually raised for the succeeding 
stages of the reaction. The molten charge is 
run off from the retort through filters to remove 
small amounts of solid impurities (such as 
imrcacted charcoal), and is cast in iron moulds 
to give pure white cakes with a crystalline 
fracture, and analysing 97-98% NaCN, 21% 
Na,COg. 0 3% NaCNO, and 0 02% Na,S 

Instead of charcoal, volatile oiganic com- 
pounds such as acetylene (G.P. 149678) or tn- 
methylamine (G P. 223027) may be added 
to the melt as sources of carbon, but roeb 
variations have not come into general practice 
The source of the ammonia used in the operation 
of tho Castner process was formerly the 1^- 
product of coal distillation, but since 1918 there 
has b^en a considerable change over to the use of 
synthetic ammonia. This is rcfiected in H. 
Freudenberg’s BP. 265639, 1926, which claims 
the collection and recombination with nitrogen 
of the hydrogen produced in tho Castner cyanide 
synthesis. This hydrogen is relatively pure, 
containing only small quantities of methane and 
nitrogen 

Tho Castner process was first put into opera- 
tion at Frankfurt-on-Main ip 1899, a second 


plant was started at Glasgow in 1900, and a 
third near New York in 1901. Since that time 
it has continued to provide tho greater part of 
the world's cyanide requirements, and still 
retains its pre.emment position. 

4. Front 'fktocyanates. — The usual method of 
preparing cyanides from thiocyanates is first 
to convert tho thiocyanate into ferrocyanide by 
one of the methods already described (p. 4G9), 
and then to work up tho ferrocyanide into 
cyanide by tho Erlenmeycr method as described 
on p. 478. On the other hand, the direct desul- 
phurisation of thioey onates can bo carried out 
by fusion with leader line (Warren, Chero.Isewj, 
1890, 62. 252; Playfair, BP. 7704 of 1890) 
The fusion is carried out at 400®C , and gives a 
70-80% conversion to cyanide (Playfair, J S C I 
1892. 11, 14 ; Conroy, tbid. 1896, 15. 8), which is 
evtracted from the cooled melt with water. 
Playfair (le ) also found that hydrogen reduces 
potassium thiocyanate at a dull red heat, giving 
potassium cyanide, potassium sulphide, and 
sulphuretted hydrogen. Conroy, Heslop, and 
Shores (JSC.I. 1901, 20, 320) found that, on 
'reduction with hydrogen, about 70% of the 
nitrogen is obtained as potassium cyanide and 
20% IS further reduced to Jiydrocyame acid 
An interesting proposal for the direct desulphun- 
sation of ammonium thiocyanate by heating it 
with finely divided copper at 300-500°C. 
has recently been made by Konig and Siegle and 
Co (BP 438358 and 438402, 1934). Cuprous 
sulphide is formed and the vapours of ammonium 
cyanide arc evolved and are absorbed in water 
to give a dilute eolution. It » not possible 
to separate solid ammonium cyanide from this 
solution, which is highly unstable on keeping, 
but it IS claimed that the solution is suitable for 
use m the evtraetjon of gold from its ores 
Zme OTide may be used as a desulphurising 
agent if carbon monoxide is also present 
According to G P. 668823, 1032 (N.V. Stikatof 
bindmgsmdustne, Nederland), a 06% yield of 
sodium cyanide is obtained by heating sodium 
thiocyanate above 400‘C. witli zinc oxide and a 
gas containing carbon monoxide : 

NaCNS-fZnO+CO = NaCN-i-ZnS-|-CO, 

Lime or chalk may be used instead of zme oxiJc 
(BP. 401027, 1032); in this case tho initial 
crude product contains a high percentage of 
sodium cyanate, which can be reduced to 
cyanide, however, by continuing the passage of 
carbon monoxide : 

NaCNS+CaO=NaCNO-i-CaS 
NaCNO-i-CO = NaCN-|-CO, 

5 From lltfdrocyantc Actd — ^Tho recovery of 
the hydrocyanic acid content of “Schlcnipc" 
gases (see Hydrocyanic Acid, p. 493), in tho 
form of solid sodium cyanide is an important 
technical process. Tho cyanised gas, which 
contains 7% HCN, 7% NH,. and 24% CO, 
by volume, is freed from ammonia by scrubbing 
with ddutc sulphuric acid, and separated from 
carbon dioxide and enriched m hydrocyanic acid 
by scrubbing with w ater and fractionally distill- 
ing the aqueous HCN-extract. The gas con- 
taiAmg the concentrated HCN thus obtained is 
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absorbed in aqueous caustic soda of such a 
strength that a saturated solution of sodiuna 
cyanide (45% by freight) is produced (Muhlert, 
Chem. App. 1925, 12, 156). This solution 
is evaporated in vacuo to a paste, which is 
centrifuged to give a product containing 10% 
of water, from which the rest of the water is 
removed by drying on heated trays in vacuo. 
The dried powder is then briquetted (B.P. 
18096 of 1907), and the product appears in 
commerce with the following analysis: NaCN 
92-93%, NaoCOs 3-6%, NaCNO 0-7%, 
NaCI 1-0%, NaOH 0-5%, Na^SOi 0-2%, 
NajS 0-02%. 

In the above process, prior removal of carbon 
dioxide from the gas is necessary in order to 
avoid excessive formation of carbonate during 
the neutralisation. In carrying out this step, 
care must be taken that the hydrocyanic 
acid is not present in excess, because of the 
tendency of J&ee hydrocyanic acid to polymerise 
in contact with alkaline substances such as 
cyanides. If this polymerisation occurs, the 
product is discoloured and its commercial value 
impaired. The evaporation of the cyanide 
solution must be carried out in vacuo at a 
relatively low temperature in order to minimise 
saponification of the cyanide to formate and 
ammonia, which results in loss of cyanide 
efiScienoy and in formate contamination of the 
product. Various expedients have been 
suggested to avoid the evaporation step, but 
none has found practical application. Interest 
in the problem has, however, been revived by the 
development of the newer cyanide syntheses by 
high-temperature gas reactions and by forma- 
mide dehydration, which reactions yield their 
hydrocyanic acid in the form of a dilute gaseous 
mixture similar to the cyatused “ Sohlempe ” 
gas. 

According to G.P. 160637, 1903, the gas con- 
taining the HCN free from carbon dioxide may 
be passed over sohd flake caustic soda at 200°C., 
BO that the water produced (by the reaction 
NaOH-f-HCN = NaCN-b HjO) is vaporised, 
but no melting of the solid occurs. It is 
necessary in this method to grind the product 
when it contains 50-60% NaCN, in order to 
expose fresh surfaces of caustic soda to the gas. 
Wiggers (Z. anal. Chem. 1876, 15, 448) obtained 
pure potassium cyanide by reacting hydrocyanic 
acid with a solution of caustic potash (3 parts) 
in 95% alcohol (1 part), washing the potassium 
cyanide precipitate with alcohol and drying it 
over Bidphurio acid. Guignard and Watrigant 
(G.P. 243469, 1911) used alcoholic caustic soda 
for the preparation of sodium cyanide, and 
added metallie sodium from time to time to 
react with the water produeed, so as to prevent 
the saponification of hydrocyanic acid to 
ammonia and formic acid. 

The evaporation of aqueous cyanide solutions 
may also be avoided by salting out the cyanide 
from solution with solid alkali (Tscherniac, 
G.P. 182774, 1906 ; Chemische Fabrik Sohlempe, 
G.P. 192884, 1906), the salting liquor being used 
again in the absorption. The St'assfurt Chem- 
isohe Fabrik (G.P. 129863, 1901) claims that an 
anhydrous cyanide containing 43-5% CN can be 
obtained by crystallising from a solution i 
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containing the sodium and potassium salts in 
the ratio 2KCN:NaCN, whereas sodium 
cyanide gives the dihydrate. 

A considerable amount of work has been done 
on the interaction of gaseous hydrocjmnic acid 
with solid sodium carbonate to give sodium 
C5’anide : 

Na 2 C 03 -f 2 HCN ^ 2NaCN-{-H20-f COj 

In the earlier experiments, high temperatures 
(700-900'’C.) were used, and the cyanide was 
the run from the reaction chamber in 
molten state (Roeder and Grunwald, G.P. 
134102, 1901. Tsohemiao (G.P. 145748, 1902) 
worked at 450°C., and claimed to produce 
sodium cyanide of 98-99% quality. More 
recently attention has been paid to the physical 
form of the carbonate used, which greatly 
affects the speed of reaction and the strength 
of cyanide attainable in the solid product. 
E. Hene (B.P. 375636, 1931) recommends the 
use of the hght form of sodium carbonate 
produced by calcining bicarbonate below 
500°C., and conducts the absorption of hydro- 
cyanic acid at 360°C. The Gesellschaft fur 
Kohlentechnik (F.P. 751191, 1932) describes 
the production of similarly reactive carbonate 
by dehydration of the crystalline hydrates under 
temperature conditions such that no solution, 
fusion, or fritting of the salt occurs. The H C N - 
fixation reaction is reversible, and the equili- 
brium 

I-=[HCNP/[H20][C02] 

precludes high percentage conversions of 
gaseous hydrocyanic acid, unless one or both 
of the gaseous reaction products, steam and 
carbon dioxide, are removed from the system. 
Thus A. D. Macallum (U.S.P. 1966253, 1934) 
describes the conversion of the hydrocyanic 
acid in the gaseous product of formamide 
dehydration {see Hydroeyanic acid, p. 495), 
into solid sodium cyanide by passing the gas 
over reactive sodium carbonate at 200-500°C., 
removing either or both of the gaseous by- 
products, water and carbon dioxide, and re- 
circulating the residual gas. 

6. From Nitrogen and Alkali Metal Carbonates. 
— Of the syntheses of alkali metal cyanides from 
elementary nitrogen the one which has achieved 
the greatest practical importance is the action 
of nitrogen on a mixture of alkali carbonate and 
carbon, generally in the presence of a metallic 
catalyst. The reaction is expressed by the 
equation : 

Na2C03-b4C-l- N2=2NaCN+3CO 

Such a synthesis may have been carried out by 
Scheele in 1783 (see “ Chemical Essays,” 1901, 
reprint, p. 288) when he noticed the formation of 
ferrocyanide on fusing charcoal with alkalis, and 
was certainly used byL. Thompson (Mechanics 
Magazine, 1839, 31, 92) when he substituted 
atmospheric nitrogen for nitrogenous animal 
matter in the preparation of ferrocyanides. 
Thompson realised the importance of the 
presence of iron, which lowers the temperature 
necessary for cyanide formation. 

The first attempts to cany out the reaction 
on a technical scMe were made by Possoz and 
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Boissiere {B P. 9983 of 1843) in France, and an 
account of furtlier large scale cxpcRments in 
England is given by Graham {Report of Jorics, 
Exlnb. of 1651, 1, 95] Wood charcoal viaa 
soaked m a solution of potassium carbonato 
and dried to gi\o n niixturo containing about 
20^0 K.O, which was heated to a vhito heat 
(probably 1,300-1,400®C ) in fire-brick vertical 
retorts. In order to supply ns rapidly aa 
possible the large quantities of heat necessary 
to attain this high reaction temperature, and 
to make good the heat absorbed by tho endo 
thermic reaction (amounting to ti4 5 cats, per 
g -mol of potassium cyanide produced), hot 
furnace gases (consisting of nitrogen and 
carbon dioxide) were drawn directly into 
the ejamsing mass through slots in the brick 
work of the retort by means of a suction applied 
at Its upper end Aboie the high temperature, 
cyanismg section of the retort was a section in 
■which the pichTOinary drying of theatkaliscd 
charcoal by the hot furnace ga«cs took place, 
and below it was a cooling section from which 
the ani-<ed product was w ithdrawn into ferrous 
salt solution for the production of ferro- 
cj anids The process failed fin.anaaUy owing to 
high potash losses and tho short life of the 
retorts About one third of the alkali and one- 
half of tho charcoal were cynnised 

Victor Alder of V’lenna clearly recognised the 
three important conditions which contnbute to 
tho successful operation of this process, namely, 
the catalytic action of iron (B ?. 1001 of 16S0), 
the intimsto admixture of tho solid reactants, 
and the porosity of tho charge so as to admit of 
free access of nitrogen In B P. 5CI7 of 1881 
he describes the preparation of tho charge by 
mixing charcoal w ith alkali and adding sawdust 
or other material, so that on heating tho mixturo 
a porous mass results The cat&lytio metal may 
be added as siieh, or aa oxide, or as a salt solution 
which will hjdrolyseon heating to give a deposit 
of tho oxide, which in turn is redurcil to tho 
metal under the ejnnising conditions The 
catalytic activity of iron (and to a less extent of 
other metals) was studied by Tiluber (Bcr 1899, 
32. 3150; Chem. Ind. 1903, 2Q, 2G) tho 
average conversion of alkali to cyanide in these 
experiments was only 10%. and tho maximum 
2S%. 

Great progress in this cyanide synthesis was 
shown by the work of J. E. Bucher m Amcnia 
(Ind Eng. Clicra 1917, 9, 233, BP 27713 
of 1912. 13332 and 23292 of 1914, 2286 of 
1915). with tho result that the process was 
commercially developed in that country during 
the later years of the War of 1914-18 Descrip- 
tions of smal', ecmi technical and full scale plant 
appear m the literature, and in addition to the 
article by Bucher mentioned above, tbe follow mg 
may also bo consulted Brown, Ind Eng 
Chem. 1919, 11, 1010; I)e Kay Thompson, 
Chem. Met. Eng 1922, 26, 124, ChicLenng, 
t&td, 1924, 31, 0C7). Carbon in the form of 
charcoal, by-product carbon made by txtrac- 
ting wood charcoal with caustic soda, or coke 
(which, how ex or, gixcs inferior results) and 
iron oxide (FCjOj or Fej 04 ) arc separately 
ground to pass n 100 mesh sieve, then re- 
ground together and dry sodium carbonate 


added. The open grained strueturo required for 
easy access of nitrogen is obtained by briquetting 
the mixture ; the powder is kneaJed at lOO'C. 
with water sufficient to form tho monohydrate 
NaiCO^.H^O, and tho paste extruded in the 
form of rods 1 m. long and j in. in diametrr, 
which are dried immediately to prexent deca- 
hydrato formation. Tho proportions of rar- 
bon. iron, and sodium carbonato in the mixtuio 
are from 2:2:1 to 2 : 2 : 2, tho greatest reaction 
velocity being obtained with the lowest sodium 
carbonate content. The reaction temperature is 
950-1,000®C , at which tho briquettes are 
slighty plastic : reaction does not occur bclav 
TfKPC., and temperatures above 1,160®C. (the 
eutcctio of iron-carboo) should ^ avoided, 
because fusion of tho iron particles diminishes 
their active surface Tho method of heating 
may bo externally by gas or electric power, or 
internally by using tbe hot charge itself as an 
elccttical tcawtance. This last method is pre 
ferred by Bucher, since it affords a means of 
supplying tho necessary heat (including that of 
the endothermic reaction) at a high rate. Pure 
nitrogen or producer gas may be used as the 
source of nitrogen. According to Do Kay 
Thompson (i c.). tho results with producer gas 
aro inferior, and this may be duo to tbe rexer- 
eibiUty of tbe reaction . 

Na,CO,+4C-v-N, 

-2NaCN+3CO-138 C k g -esls 
The use of producer gas decreases tho partial 
pressure of nitrogen and increases that of carbon 
monoxide, displacing tbe equilibrium to the 
left. Do Kay Thompson states that the amount 
of nitrogen rcquircu for satisfactory results is 
three times the theoretical 

In a typical batch e.xperiincnt, a carbon-iron- 
carbonate mixture of the compoiilion 2‘.2tk 
was heated m 13 minutes from 710” to 020°C. m 
a current of nitrogen, and gave a product con 
taming 152% NaCN, corresponding to a 
92% conversion of carbonato into cyanide. At 
906-930'‘C. some volatilisation of sodium 
examdo occurs, so that the upper layers of a 
batch product ore richer in cyanide than the 
low crones. 

Tlio more recent work on this process for 
cyanide synthesis has been directed towards tho 
development of methods of preparing masses of 
porous, highly reactive alkalised coke for the 
reaction. It is claimed that very porous and 
aclivre briquettes oro made by mixing sodium 
bicarbonate with coke and n small amount of a 
binding agent (such os sodium chloride) and 
healing to SIXMOO'C. (Mcntzel, B P. 367698, 
1930; Barthng, U.S.P. 1957120, 1931); the 

evolution ofeatbon dioxide from tlio bicarbonate 
gives the mass the necessary porosity. A 
further proposal is to start with raw carbonaceous 
matter {e g lignite or coal), w bich is mixed with 
BOdium carbonate or bicarbonate and a binding 
agent, then briquettcil and carbonised (Mentzch 
G P. 547091. 1930; Altcrum Kredit A.U. 
GP. 001418, 1032); carbonisation in the 
presence of tlid alkali confers upon the coke #n 
enhanced reactivity It is claimed for ocllvatcd 
masses of these types that they con bo cyanvxW 
with nitrogen at temperatures aa low as 831^ 
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850°C., apparently in the absence of iron 
catalyst. It has already been mentioned 
that the Bucher process gives better results 
■^vhen the carbon and iron in the reaction mixture 
are in excess ; A. Mentzel finds for his non- 
catalysed cyanising process that it is advan- 
tageous to use a 25-33% excess of carbon, the 
excess being added in the form of granules of 
diameter not more than 3 mm., to provide 
porosity and contact surface (G.P. 614100, 1930). 

The fact that the cyanising reaction is rever- 
sible was proved by the experiments of Ferguson 
and Manning (Ind. Eng. Chem. 1919, 11, 946). 
These authors heated mixtures of charcoal 
(1 part), iron (1 part), and sodium cyanide or 
carbonate (3 parts) with a range of definite 
mixtures of nitrogen and carbon monoxide. The 
composition of the product was independent of 
the nature of the solid raw materials, but varied 
with the temperature and the composition of the 
gas. At 946°C. a gas containing 5% carbon 
monoxide gave a solid product with 75% of the 
alkali cyanised, and one containing 48% CO a 
product with only 27-5% cyanised. At 1,000‘’C. 
the first gas mixture gave 80% cyanisation, and 
the second 59%. Ingold and Wilson (J.C.S. 
1922, 121, 2278) took precautions to avoid 
errors due to the volatilisation of sodium cyanide 
at these high temperatures, and found that, in 
the range 850-950°C., the relation between the 
composition of the liquid phase (NanCOj and 
NaCN) and the gaseous phase (CO and Nj) 
in equilibrium can be expressed by 




31,180 


where x is the fraction of the sodium which is 
present as cyanide, p is the mol. fraction of 
nitrogen in the gas, and w is the total pressure. 

The Bucher process was operated on a 
technical scale for a short time during 1918 
by the Government of the United States, whose 
plant is described by Brown (Ind. Eng. Chem. 
1919, 11, 1010). The retorts were stationary 
nichromo tubes heated by producer gas, each 
tube having a life of 11-14 days and producing 
about 7^ Ib./hour of sodium cyanide. Pure 
nitrogen from an air-liquefaction plant was 
used for the cyanising. The recovery of cyanide 
from the product by lixiviation with water is 
attended with the danger of ferrocyanide 
formation, though Chickering (Chem. Met. 
Eng. 1924, 31, 967) describes such a method of 
obtaining anhydrous sodium cyanide from the 
product via the dihydrate. The method 
adopted at the plant in question was leaching 
with liquid ammonia under pressure. By this 
method unchanged alkali and carbon are left 
behind and can be reground with fresh raw 
materials for return to the retorts. Sodium 
cyanide of 92% purity was obtained from the 
liquid ammonia solution in the form of a white 
powder by evaporating off the ammonia in 
steam-heated evaporators, the ammonia loss 
being relatively low at 2 lb. per 100 Ib. of cyanide 
made. A related process was worked between 
1923 and 1927 by the California Cyanide Co. of 
Los Angeles. The retorts, made of nichrome or 
other nickel-chromium-iron alloy (B.P. 199900, 
1922), were sUghtly inclined rotating tubes, 


15 in. in diameter and having a length of 
10 ft. heated to 950-l,050°C. (B.P. 202383, 
1922). The charge consisted of a finely ground 
and granulated mixture of 54 parts of coke, '44 of 
sodium carbonate and 2 of iron (B.P. 136750, 
1919), which passed down the tube in counter- 
current to the flow of nitrogen and was con- 
verted into a product containing 25-30% 
NaCN. As the primary object of this manu- 
facture was the production of hydrocyanic acid, 
the solid product was treated with moist carbon 
dioxide (U.S.P. 1385335, 1385336, 1921), which 
was passed through the solid spread out on 
perforated trays : 

2 NaCN-f-H 20 -f-C 02 =Na 2 C 03 -(- 2 HCN 

In carrying out this reaction it is necessary to 
diminish the time of contact of the hydrocyanic 
acid with alkali, in order to minimise its 
decomposition and polymerisation. The 
product gases were dried and the hydrocyanic 
acid condensed by cooling. If desired, the dry 
hydrocyanic acid may be converted into sodium 
cyanide by reaction with sodium carbonate as 
described under Alkali Metal Cyanides, 
p. 481. 

7. From Nitrogen, Alkali Metals, and Carbon. 
— ^The direct synthesis of potassium cyanide 
from its elements was first observed by Marchand 
(J. pr. Chem. 1850, 49, 351) in testing for the 
presence of nitrogen in cast iron and steel by 
Lassaigne’s method of heating the sample to 
red heat with potassium, extracting the product 
with water, and applying the Prussian blue test 
to the solution. Marchand found that, by 
repeated treatment of a sample of powdered 
iron, he was unable to exhaust the cyanide- 
forming reaction, and he showed that the 
cyanide was derived from gaseous nitrogen by 
carrying out the reaction in a closed tube con- 
taining nitrogen, which was completely ab- 
sorbed. Since he was unable to prepare 
Prussian blue from the mixture of iron and 
carbon obtained by heating ferric succinate or 
benzoate, Marchand concluded that the carbon 
must ‘bb in chemical combination with the 
iron. At a later date, however, Eemsen 
(Amer. Chem. J. 1881, 3, 134) showed that iron 
powder loses its cataljdic activity when super- 
ficially oxidised by exposure to air, and this 
may explain Marchand’s failure with his 
simple mixtures of carbon and iron. Similar 
observations were made by Tauber (Ber. 1899, 
32, 3150).^ 

Bucher' in 1912 made use of the catalytic 
activity of iron in the synthesis of sodium 
cyanide from its elements (B.P. 11797 of 1913; 
U.S.P. 1082845, 1913; 1116559, 1914). The 
iron and the carbon are intimately mixed, and 
reaction with sodium and nitrogen proceeds at 
500-1 100°C. Bucher, like Marchand, believes 
that the iron acts as a solvent for the carbon, 
which is then capable of entering into reaction 
with sodium and nitrogen. In the cyanide 
synthesis from sodium carbonate {see previous 
section), Bucher postulates the initial formation 
from the carbonate and carbon of some metallic 
sodium, which is continually consumed by con- 
version into cyanide. This hypothesis makes 
the rate of cyanide formation dependent on the 
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rate of solution of solid carbon in solid iron and, 
in Tiew of the extremely rapid formation of 
cyanide actually observed, is hardly acceptable. 

An early process of Castner (B.P. 12218 of 
1894), ui which molten sodium was allowed to 
flow downwards over a column of red*hot 
charcoal in an iron vessel, while a current of 
nitrogen was passing upwards through it, did 
not use the catalytic influence of iron. Castner 
abandoned it in favour of his synthesis from 
ammonia and sodium (p. 479), but it was further 
investigated by the Boessler and Hasslacher Co 
in America at a later date. They found that a 
mixturo of sodium vapour and nitrogen reacts 
with charcoal in the absence of iron above 650°C., 
and that the speed of the reaction above 800°C. 
is great enough to make the process com* 
mercially practicable (H. Philipp, Chem. 
Jlet. Eng. 1920, 22. 313; USP. 1249821. 
1017; 1235887, 1917; 1332439. 1920). Similar 
proposals are contained in G P. 368330, 1920, 
of Droch, nho passes nitrogen under pressure 
through boilmg sodium, and heats the vapour 
and gas under pressure with carbon in presence 
of an iron catalyst above the melting pomt of 
sodium cyanide. 

These processes bavo faded to displace or 
compete with the established Castner process . 
on account of the great progress which has been 
made in the manufr'ctuio of synthetic ammonia. 

8. From Car6idM and Nttrogtn — Jfany pro- 
posals have been made for the production of 
sodium cyanide from carbides and nitrogen 
Ibey are all either varunts of or closely 
related to the teehmealiy important process by 
wiuch crude calcium cyamde is made from 
calcium carbide and nitrogen through the 
intermediate compound calcium cyanamide, 
and are therefore desenbed in the section deahng 
with this process ^Alkaline Earth Cyanides, 
p. 487). 

pBOPEitrtES or THE Alblsli Metal Cyanides 
Potassium cyanide, KCN, crystallises m an- 
hydrous, colourless octahedra from aqueous 
solutions, or in cubes from the molten salt 
The specific gravity of the solid is 1-52. It 
melts at a dull red heat, and volatilises without 
decomposition at high temperatures. It is 
readily soluble in water ; the saturated solution 
at 25®C. contains 71 2 g KCN per 100 g. of 
water (Bassett and Corbet, J.CS. 1924, 125, 
1660), and at the boiling.point (103 3°C) 
122'2 g. per 100 g. of water. Ury ethyl alcohol 
dissolves 1-9 g. KCN per litre, methanol 30 g 
per litre at 23° (Thompson, U.S. Bur. Standards, 
J. Research, 1931, 6, 1051). It is moderately 
soluble in anhydrous ammonia ; according to 
Johnson and Krumboltz (Z. physikal. Chem 
1933, 167, A, 249), 4 55 g. of KCN dissolve in 
100 g. of ammonia at-33'9°. The salt 
deliquesces in moist air. 

When a mixture of potassium cyanide and 
soda limo is heated in air at 270°C., 23%oftbe 
cyanide is oxidised to nitrate; silver and 
nickel assist the oxidation catalytically, the 
yields of nitrate being 65 and 71% respectively 
with these metals. The oxidation of cyanide to 
cyanate by alkaline permanganate is accelerated, 
and secondary reactions are suppressed, hy 
copper sulphate (Gall and J.ehmann, Ber. 1928, 


61, [B], 070). Potassium cyanido reacts with 
tetrathionate in aqueous solution to form 
thiocyanatB, sulphate and thiosulphate; the 
reaction velocity has been measured by Ishi. 
kawa (Z. physikal. Chem. 1927, 130, 73), and the 
effect of varying the pu value of the reacting 
solution by Forest! (Atti soo. ital. progresso sci 
1934, 22, No. 2, 263; Z. anorg. Chem. 1934’ 
217.33): 

S40/'+CN'-{-20H' 

« S SO,"-)- CN S'-l- H,0 

Thb reaction is of physiological importance in 
connection with the use of tetrathionate as an 
antidote m cyanide poisoning. 

A phase ^e study of the double salts of 
potassium cyamde with the cyanides of copper, 
silver, gold and thallium has been made by 
Bassett and Corbet (J.C.S. 1024, 125, 1660), 
and with those of zinc, cadmium, mercury and 
nickel by Corbet (i&ii. 1026, 129, 3190). 

Sodium cyanide, NaCN, crystallises from 
the molten salt in anhydrous, apparently cubic 
ciystats. From aqueous solutions below 
35°C. large colourless plates of the dihydrafe, 
NaCN.SHjO, are deposited. Joannis (Ann. 
chim. phys. 1882, [v], 26, 484) obtained a 
hydrate NaCN,}H,0 from cold 85% alcohol. 
ITie dihydrate decomposes at 34 7“C. into 
the anhydrous salt and a saturated solution, 
about 40% of the sodium cyanido separating 
in the aimydrous state. The solubility of the 
dihydrate in water is as follows (m g, NaCN 
per 100 g. of water) : 

Temp *C. -20 0 20 34 7 

Solubility . 35 4 43 4 68 3 62 

The solubility of tho anhydrous salt is almost 
independent of tho temperature at 82 g. per 
lOOg of water 

Dry ethyl alcohol dissolves 0 7 g. NaCN per 
btra, and methanol 78 g. per litre at 25° (Thomp- 
son, U.S. Bur. Standards, J. Research, 1931, 6, 
1051). The solubility in aqueous methanol 
IS given below in g. NaCN pec Ltre of 
solution : 

% hletbanol by weight. 

Temp *C. 100 70 0 BI 4 SO 

16 C7 9 131 207 231 

31 63 3 142 — 272 

100 g. of anhydrous ammonia dissolve II4 5 g. 
of sodium cyanide at —12* to — 25°C. At 
lower temperatures a compound NaCN 6NH, 
separates in largo flat plates resembling the 
dihydrate. The solid ammoniate is in equili- 
brium with solutions of the following com- 
position (unpublished work by T. Ewan) : 

Liquid phase, g NaCN 
Temp. ’C. per 100 g NH, 

-31 57 7 67-7 

-3i 43 75 

-33 40 80 

-34 34 83 

-39 21 — 

Sodium cyamde (06%) melts at 640'C. Ingolcl 
(J.CB 1923, 123, 885) has measured the vapour 
pressure at various high temperatures : 

Temp *0, 800 000 1000 1100 1200 1300 13M 
tap press ... 

(nun.) 0 76 3 43 12 4 30 80-8 204 314 
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The boiling-point is 1,500°C., and the latent 
heat of evaporation 37 kg.-cals. per g.-mol. 
The pure salt, when heated in dry air free from 
carbon dioxide, is stable at temperatures up to 
370°C. Rapid oxidation occurs, however, in 
the presence of iron or nickel or their oxides, 
with formation of cyanate, carbonate and carbon 
dioxide. Sodium cyanate is the primary pro- 
duct, which is itself rapidly oxidised to carbonate 
and carbon dioxide in the presence of nickel : 

2NaCN0-f30=Na2C03-fC0j-l-N2 

R. Holtje (Z. anorg. Chem. 1933, 214, 65) has 
investigated the changes occurring in melts of 
sodium cyanide and sodium hydroxide. In the 
absence of water and oxygen, reaction only 
occurs above 500°C., and the products are 
carbonate, cyanamide and hydrogen. If a 
little water is present, decomposition starts 
at 300'’C. with saponification to ammonia and 
formate, the latter being converted into 
carbonate and hydrogen. Nitrogen, carbonate, 
and nitrate are produced in the presence of 
oxygen. 

Sodium cyanide absorbs moisture from the 
atmosphere. It has been found to take up 
water from air which has been saturated with 
aqueous vapour at 20'’C. at all temperatures 
below 44°C. Care is therefore necessary in 
taking samples of the salt for analysis. Dilute 
solutions of sodium cyanide slowly decompose in 
contact with air, the hydrocyanic acid formed in 
the solution by hydrolysis being lost by evapora- 
tion and thus allowing the decomposition to 
proceed further. Carbon dioxide absorbed from 
the atmosphere also displaces hydrocyanic acid 
with a similar result. At higher temperatures, 
for instance, during the evaporation of solutions, 
saponification to ammonia and formic acid may 
occur. Data on the rate of hydrolysis of 
potassium cyanide solutions under various 
conditions are given by Novalevitsch (Ukrain. 
Chem. J. 1934, 8, Wiss. tech. Teil, 226) 
and Wick (Quart. Rev. Amer. Electroplaters’ 
Soc. 1933, 19, No. 10, 20). When strong 
sulphuric acid is present, the formic acid 
initially produced by the saponification is 
immediately decomposed into carbon monoxide 
and water. 

In the presence of oxygen, sodium cyanide 
dissolves almost all metals with the exception 
of lead and platinum. In the case of iron, 
which Liebig found to dissolve in cyanide with 
production of ferrocyanide and hydrogen, it is 
necessary for the iron to be in a finely divided 
form, since iron vessels are used in the technical 
handling of hot, concentrated cyanide solutions 
without serious corrosion. Zinc is slowly 
dissolved without oxygen, but more rapidly 
when it is present. 

Uses of Sodium Cyanide . — The most extensive 
use of sodium cyanide is in the extraction of 
gold and silver from their ores, and this subject 
is dealt with under Gold Cyanides, p. 486. 
Another use of the alkali metal cyanides is in 
electroplating, which is mentioned under 
Silver Cyanide, p. 487. Other applications 
are as follows : 

(1) Case-hardening . — ^When a soft steel, usually 
containing about O' 16% carbon, is immersed in a 
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bath of fused sodium cyanide at 800-90Q°C., 
both carbon and nitrogen are taken up super- 
ficially in the form of a solid solution of the 
carbide, Fe^C, and the nitride, FejN, in y-iron. 
When the steel is cooled very rapidly this is 
changed into a supersaturated solution of these 
substances in a-iron, which is extremely hard ; 
the underlying metal remains unchanged. The 
composition of the hardened skin may be 
controlled by diluting the cyanide bath with 
sodium carbonate^ a bath rich in cyanide giving 
a higher carbon content, and the thickness of 
the akin by varying the time of immersion ; 
1 hour at 900°C., for example, gives a penetration 
of 0'4 mm. (BeUby and Nelson, J.S.C.I. 1932, 61, 
149T). Bucher showed (Ind. Eng. Chem. 1917, 
9, 236) that the reversible decomposition of 
cyanide according to the equation 

2NaCN ^2Na-}-2C+N2 

takes place in the presence of iron ; cyanide 
and pure iron give carbon and nitrogen by 
decomposition, which combine with the iron, 
whereas carburised iron with sodium and nitrogen 
gives cyanide. 

(ii) Froth Flotation . — ^In 1922 Sheridan and 
Griswold (D.S.P. 1427235, 1421585) showed that 
zinc blende and galena may be separated by 
carrying out the known froth flotation process in 
an alkaline solution containing sodium cyanide. 
Only 0'l-0'2 lb. of sodium cyanide per ton of ore 
is required to prevent the flotation of the zinc 
blende, that of the galena being rmaSected. 
The process may also be applied to the separa- 
tion of the crystaUine sulphides of copper and 
iron, cyanide acting as a depressant for the iron. 
A discussion of the mechanism of flotation is 
given by Brighton, Burgener and Gross (Eng. 
and Min. J. 1932, 133, No. 5, 276). The action of 
certain sulphur- containing compounds in pro- 
moting the collection of minerals in the froth 
appears to bo connected with their ability to 
form Aims of insoluble heavy metal salts at the 
mineral-solution-air interface, and the action of 
cyanide in destroying the collecting action is 
said to be due to the solvent action of cyanide on 
the collecting films. It is also suggested that, 
where p)Tite is present, the formation of forro- 
and ferri-cyanides may contribute to the depress- 
ing effect ; these compounds might become 
adsorbed at the surfaces, and might also change 
the polarity of ’.the charge adsorbed on the 
sulphide surface. 

in. HEAVY METAL CYANIDES. 

In this section is given a brief account of the 
preparation and properties of the technically 
important heavy metal cyanides. 

Copper cyanide. — Thei only stable eyanide 
of copper is cuprous cyanide, CujiCNlj. 
When potassium cyanide is added to cupric salt 
solution, a brmvnish precipitate of cupric 
cyanide, Cu(CN) 2 , is first formed, which 
gradually evolves cyanogen and changes into 
green cupric cupro'eyanide. On heating, this 
complex salt loses a further quantity of cyanogen 
and yields white cuprous cyanide, which 
resembles silver cyanide in constitution and 
reactions. It may also be produced by the 
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action of sodium cyanide on a solntion of 
cnprous chloride in sodium chloride eolation, 
’shen no cyanogen is lost. 

Cuprous cyanide is soluble in solutions of the 
alkali metal cyanides, about 2 5 mols. of KCN 
being required to dissolve 1 tool, of CuCN , 
the solutions contain the complex anions 
Cu(CN) 3'‘' and Cu{CN)/" according to 
Kunschert (Z anorg Chem IQOl, 41, 31®), 
but Bntton and Dodd (J.C.S. 1935, 100) 
were only able to find Cu(CN)j', their conclusion 
being based on measurements of the HCN 
vapour pressure over the solution, the pg value, 
and the electncal conductivity of the solution. 
The complex anion is exceedingly stable, its dis* 
Bociation into cuprous ions being so slight that no 
cuprous sulphide is precipitated from the solution 
by sulphuretted hydrogen For this reason 
copper in the presence of oxygen, and all copper 
compounds, dissolv a readily m cyanide solutions. 
Solutions of sodium and potassium cupro 
cyanides are used in the electrodepoaition of 
copper on iron. 

Gold cyanides. — Aurous cyanide, AuCN, 
IS a yellow crystalline powder, insoluble in 
water and mineral antda, which is formed by the 
action of hydrocyanic acid on aunc hydroxide, 
or by warming potassium aurocyazude with 
hydrochlonc acid and evapotattog the eolation 
to dryness, washing the residue with water 
I It IB readily soluble in solutions of the alkab 
and alkaline earth cyanides, giving complex 
aurocyanides such as KAulCN)}. A solution 
of the potassium salt is used for electroplating 
with gold, and may readily be made by pre- 
cipitating a solution of gold chloride with 
ammonia and dissolving the fulminating gold m 
a solution of potassium cy amde, or by precipitat 
ing gold chloride with magnesia, dissolving out 
the excess of magnesia in the precipitate with 
nitric acid, and then dissolving the aunc' 
hydroxide in potassium cyanide as before 

Sodium aurocyanide is technically important 
because it is formed when finely divided gold is 
dissolved in a solution of sodium cyanide in the 
presence of oxygen or other oxidising agent : 
dNaCN+SAu+jOj+HjO 

=2NaAu(CN),+2NaOH 
Gold is one of the noblest metals and comes 
below hydrogen in the electro potential senes. 
Hence when gold is m contact with water or 
acids, equilibrium in the reaction 

2Au+2H'^^2Au'^+H, 
is reached at infinitesimal concentrations of 
aurous ion. The effect of cyanide in causing the 
solution of some metals, for example, iron and 
copper, in water is due to the formation of LUle 
dissociated complex metal cyanide ions, which 
continually reduces the conoentratioQ of the 
simple kation and causes the dissolution reaction 
to proceed. In the case of gold, however, the 
equilibrium concentration of aurous ion »' 
so vanishingly small that the formation of 
aurocyanide ion is not in itself sufficient to 
promote the dissolution of the metal, even 
though the complex ion, as stated below, is 
extremely stable and little dissociated. It is 
necessary, in addition, to remove the hydrogen 


liberated by the solution reaction, by having 
present an oxidising agent such os disaolv^ 

, oxygen or hydrogen peroxide. lonicaby, tbere- 
fore, the reaction by which gold dissolves in 
aA-ated cyanide solution may be represented as 
follows . 

2Au-f4CN'«2Au(CN),'-|-20 

H,0+i0j+2©=20H' 

The dissociation of the complex aurocyamde 
ftiuon into aurous and cyanide ions is very 
slight, and smaller than the dissociation of the 
complex silver and mercury cyanide ions Thus, 
although free gold is electro negative to both 
Silver and mercury, and would be displaced by 
them from solutions of simple aurous salts, gold 
in cyanide solutions is electropositive to these 
metals, and displaces them from their solutions 
m cyanide. In the case of a more electro 
positive metal such as zinc, on the other hand, 
the difference in the solution tendencies of the 
free metals is too great for the stability of the 
complex aurocyamde ion to cause a reversal of 
the normal relation, and zinc readily displaces 
metallio gold from aurocyamde solutions with 
the formation of a complex zme cyamde : 

2Au<CN)2'+Zn?i2n(CN)4"+2Au 
In the technical extraction of gold from its 
ores, tho ground ore is leached with alkaline 
cyamde solution of approximately 0 05% 
strength, and the gold is precipitated from the 
resulting aurocyamde solution by treatment with 
zinc shavings or finely divided zinc dust There 
are frequently present in the ore quantities of 
iron, copper and zinc sulphides wmch increase 
the cyamde consumption in the dissolution 
process by converting cyanido mto complex 
i^amdes and thiocyanate. In order to reduce 
the loss of cyamde by this degradation, it » 
advisable to use cyanido solutions of lower 
strength, but a limit to the reduction of strength 
of the leaching solution is set by the fact that it 
causes incomplete precipitation of the gold from 
the pregnant cyamde solution by the zinc In 
current practice at the reduction plants of the 
Rand goldfield, the (yanide consumption 
averages 0 25 lb. NaCN per ton of ore treated. 

Numerous proposals have been made for fhe 
recovery of the cyamde rendered unavailable by 
reaction with iron, copper, zinc and sulphur in 
tho ore. Mills and Crowe (B P. 2416G9, 1924) 
would acidify the solution leaving the zinc boxes 
(after precipitation of the gold) with sulphur 
dioxide, and remove the hydrocyanio acid from 
it by a current of air. The hydrocyanic 
acid IS re absorbed from the air m alkab. 
Leaver and Woolf (Amer. Inst. 5Iin. 3Iet 
Engs., Tech. Publ. 205, 1929) propose to scidify 
the solution and then to precipitate copper and 
zinc with sodium sulphide ; after the addition 
of lime to the filtered solution it is re used. 
R, M P. Hamilton describes a process whereby 
zinc sulphate is added to the barren solution, 
throwing down a mixture of zinc and cuprous 
qranides, this is boiled with dilute sulphuric 
acid, berating hydrocyanic acid which is 
absorbed in milk of lime for return to the 
tyamdation process, and regenerating the ntw 
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sulphate (Eng. and Min. J. 1932, 133, No. 1, 
53). In B.P. 416475, 1932, it is proposed to 
treat the gold-bearing eyanide solution with a 
cuprous salt, which gives a precipitate consisting 
essentially of cuprous cyanide and the cuprous 
salts of the complex cyanides of the precious and 
other metals ; this precipitate is treated with 
sulphuric acid to liberate hydrocyanic acid 
equivalent to all the complex cyanides, leaving a 
residue containing the precious metals and 
cuprous thiocyanate, firom which the latter is 
removed by roasting to copper oxide and leach- 
ing with acid. The copper solution may be 
re-used in the process. 

Auric cj'anide, Au(CN)3-HCN-1^H20, is 
formed on treating potassium auricyanide with 
hydrofluosilicic acid. 

Mercuric cyanide, Hg(CN) 2 , is prepared 
by dissolving mercuric oxide in excess of hydro- 
cyanic acid and evaporating to crystallisation. 
It crystalh’ses in anhydrous, colourless crystals 
of sp.gr. 4-0. It is soluble in water to the extent 
of 93 g. per litre at 20°C., and 530 g. per litre at 
100°C. The solubility in ethyl alcohol is lO-l g. 
per 100 g. at 19-5°C., and in methanol 44-2 g. 
per 100 g. at the same temperature. The 
electrolytic dissociation of mercuric cyanide in 
aqueous solution is extremely small, so that 
mercuric cyanide can be formed, for instance, 
by boiling mercuric oxide with Prussian blue; 
this shows that its dissociation is even less than 
that of the ferrocyanides into cyanide. It is 
not decomposed by caustic alkalis, and only 
gives hydrocyanic acid on boiling with strong 
acids. Sulphuretted hydrogen does, however, 
precipitate the extremely insoluble mercuric 
sulphide from its solution. The reaction of 
mercurous salts with cyanides yields mercuric 
cyanide and mercury, instead of the expected 
mercurous cyanide. On heating to 400°C., 
mercuric cyanide decomposes into mercury and 
cyanogen. 

Small quantities of mercuric cyanide are 
sometimes used in addition to alkali cyanide in 
the treatment of ores containing silver sulphide 
(Clennel, “ Cyanide Handbook,” London, 1910, 
p. 297). By its use the dissolution of silver 
sulphide is accelerated, probably owing to 
the formation of mercuric sulphide by the 
reaction : 

Hg(CN)2-l-Ag2S-f2KCN 

= HgS-p2KAg{CN)2 

Silver cyanide, AgCN, is formed by pre- 
cipitation of silver salt solutions with hydro- 
cyanic acid, or alkali cyanide solution not in 
excess. It forms a white, cheesy precipitate 
which is stable to light. Its solubility in 
water at 25°C. is 4-4x 10“® g.-mols. per litre, 
intermediate between the thiocyanate (less 
soluble) and the chloride. It is hardly attacked 
by cold, dilute nitric acid, but is decomposed 
quantitatively on boiling (Plimmer, J.C.S. 1903, 
83, 285). It is slightly soluble in an aqueous 
solution of hydrocyanic acid, forming the 
unstable complex acid H Ag(CN) 2 , and dissolves 
readily in alkali cyanide solutions to give alkali 
salts of this acjd, which are very stable. The 
electrolytic dissociation of the complex Ag (C N Ij' 
ion is so small that all silver salts, except the 


sulphide, are dissolved by cyanide solutions; 
the sulphide and the free metal require the 
presence also of oxygen for their dissolution (see 
under Gold Cyanides, p. 486). The soluble 
salt KAg{CN )2 is used for electroplating, 
fulfilling the requirement of producing a 
tenacious deposit of the proper consistency by 
reason of the fact that its solutions have a 
very small concentration of free Ag+ ions ; 
to obtain the same conditions with simple silver 
salts, very dilute and highly resistant solutions 
would have to be used; The view is held that 
silver cyanide itself is to be regarded as the silver 
salt of the acid HAg(CN) 2 . 

On heating in the dry state, silver cyanide 
gives off about one-half of its cyanide in the form 
of cyanogen (CN) 2 , and on further heating in 
the presence of oxygen gives metaUio silver 
containing some carbon. 

Zinc cyanide, Zn(CN) 2 , may be prepared 
by precipitating zinc acetate solution with 
hydrocyanic acid vapour. It is also formed by 
the action of hydrocyanic acid on zinc oxide, but 
is difficult to prepare in the pure state owing to 
the ease of its partial decomposition by water. 
It is a white substance, insoluble in water but 
soluble in acids and in cyanide solutions. The 
dry salt decomposes only at a bright red heat. 

Complex cyanides, in which the zinc appears 
in the anion, are formed when zinc cyanide 
dissolves in alkali cyanide solutions. The com- 
plex zinc cyanide ions are much less stable 
than those containing copper, gold, silver and 
mercury, and zinc sulphide is precipitated by a 
small excess of alkali sulphide. The potassium 
salt, K 2 Zn(CN) 4 , crystallises from aqueous 
solution in large, weU-formed octahedra, the 
solubility of which is 11 g. per 100 g. of water at 
20°C. It is fusible at a red heat without 
decomposition. The sodium salt, NaZn(CN) 3 , 
2 ^H 20 , is readily soluble in water. 

Barium platinocyanide, 

BaPt(CN)4,4H20, 

is made by electrolysing a solution of barium 
cyanide (270 g. per litre) between platinum 
electrodes with an alternating current at a 
cnrrentdensityof0'4nmperespersq. cm. About 
0-6 g. of platinum is dissolved per ampere-hour. 
After removing the excess of barium by means of 
carbon dioxide, the solution is concentrated to 
crystallisation (Brochet and Petit, Bull. Soc. 
cUm. 1904, [iii], 31, 630). The salt crystallises in 
monoclinic prisms, which are yellow by trans- 
mitted, and violet- blue by reflected light. It 
dissolves in 33 parts of water at 16°C. By 
reerystallisation from a solution containing 
barium cyanide, it is obtained in small crystals 
which are highly fluorescent when exposed to 
X-rays, and are suitable for making fluorescent 
screens for X-ray work. 

IV. ALKALINE EARTH CYANIDES 

Technical Methods of PiiEPABiTioN. — 
I. From Carbides and Nitrogen. The direct 
absorption of nitrogen by the metallic carbides 
might be e.vpected to yield cyanides, and a 
considerable amount of work has been done on 
the nitrogenation of carbides with the object of 
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cyanide production. The alkali metal carlndes 
have not been closely investigated, hut Rank 
and Caro (B.P. 16066 of 1B05) not^ that th^ 
absorbed nitrogen at a “ dark red heat ” to form 
cyanides. It is possible that the formation of 
cyanide from alkali carbonate, carbon and 
nitrogen (see under Alkali Jletal Cyanides, 
p. 481) may proceed by the primary formation 
from carbonate and carbon of a carbide, nhich is 
Bubsequently nitrogenated to cyanide, aa "was 
first suggested by Hughes (Report of Junes, 
Eihib. of 1851, 1, 95), 

The absorption of nitrogen by the alkabne 
earth carbides has been extensively etudjed. 
Moissan (Compt. rend. 1S04, 118, 503, 6S4) 
could find no appreciable reaction between pure, 
dry nitrogen and the pure carbides, except that 
the product from banum carbide yielded traces 
of ammonia on boiling ivith •water In 1895 
Frank and Caro (D.P. 15066 of 1895) discovered 
that the impure carbides absorb rutrogen, that 
the product in the case of barium carbide 
consists largely of the corresponding cyanide, 
but that the result with calcium carbide was 
“ nnsatisfactory.” Similar results were inde- 
pendently obtained at the same tuna by WiUaon 
(B.P. 21997 of 1895), who suggested in the cam 
of calcium that a mote complicated nitrogen 
compound is formed. The fact that a large part 
of the combmed nitrogen in nitrogenated c^cium 
carbide (and a smaller part in the case of banum 
carbide) is w the form of a cyanamide salt was 
discovered by F Rotbe, worwng under Frank's 
direction (Frank and Caro, B P. 25475 of 1898, 
Kothe, Z angew. Chem 1903, 16, 658). 

Frank ana Caro's first attempts at tho 
techiucal production of cyanides were naturally 
made with banum carbide, which was finely 
ground and heated with pure nitrogen to 700°C 
A product contauiing about 1 1% of nitrogen was 
obtained, of which 30% was present as barium 
cyanide and the rest as barium cyanamide. In 
order to convert tho cyanamide into cyanide, 
tho material was heated with dry sodium 
carbonate and carbon, when the foUowug 
reactions may have occurred : 

BaNCN-f-Na,CO,-BaCOj4-Na,NCN 
Na,NCN-).C=2NaCN 
Proposals to obtain marketable sodium cyanide 
from this product by extracting the sodium 
cyanide with water, converting it into ferro- 
cyanide, and then fusing it with eodium by the 
Erlenmeyer process already described (p. 478) 
faUed on economic grounds (Erlwein, V. Intern. 
Kongreas angew. Chem., Berlm, 1903, I. 646). 
Attention was therefore tamed to calcium 
carbide, which absorbs nitrogen at about 
1,100°C., giving a product containing 20- 
23 5% nitrogen, which is -wholly in the form 
of calcium cyanamide, and about 12% of 
carbon : 

CaC,-|-N,= CaNCN+C 
(For details of the manufacture of calcium 
cyanamide, tee CeLcnm, Vol. II, p. 219). 
When this product is heated with aodnun 
chloride, tho cyanamide is largely converted 
into cyanide (Etlwetn, Ic. ; Eclaeia and 
Frank, U.S.P. 708333 of 1902). Large-ecaloj 


experiments were earned out up to 1914 la 
Germany with Lttle success. Using 2-3 parts cf 
salt and 1 part of cyanamide at a usaxuaum 
temperature of OfiO^C., from 40 to 75% of tis 
nitrogen was obtained in the form of cyanids 
(Landis, Chem. Met. Eng. 1920, 22, 265). 
The techmeal failure was probably due to tbs 

1 short life of the furnace refractories, the use of 
unsmtabla gas heatmg, and the occurrence of 
frothing in the mass due to the hberation o! 
nitrogen. 

The technique of the process was considerably 
improved by Landis at a plant erected at Niagara 
by the American Cyanamid Co. Rationally 
designed fumaces were used with electrical 
heating, and the frothing referred to above was 
prevented by the addition of small quantities 
of carbide. The operatuig temperature was 
raised to 1,300'’C. with marked improvement of 
the yields (Eastman, U.S.P. 1282303, 1918), 
and the importance of quickly cooling the fused 
reaction mass was realised from the observation 
that a reversion of eysmde to cyanamido 
occurs between 400® and 700®C. (Freeman, 
U S P. 1282405, 1918). A mixture of I part of 
crude calcium cyanamide with 0 8 part of salt 
and 0 05-0 lOpart of calcium carbide » fed into a 
singte-ph&se electric furnace of the arc resistance 
typo with conducting hearth and a single 
suspended electrode, mutnre fuses, and u 
run ofif almost continually into a pan in which sn 
internally water-cooled drum rotates, taking up 
a tbin layer of the fused material which solidifies 
and IS scraped off in thin flakes Tbs efficiency 
on nitrogen is appioxunately 00%, and the grey 
flakes or powder m which the product is 
marketed have the following analysis Ca(CN)t 
45 0%, NaCI 3I-D%, CaCL 12%. SiO. 09%, 
Fe.O, and AI.O. 2 0%. CaCN, 1'8%. carbon 

2 8%. CaC, 1-9%, CaO 11 8%. CaS 0 9%. 

The mecoanism of this cyanide forming re- 
action was at first ImpeHectly understood. The 
effect of salt in accelerating the transformation of 
cyanamide into cyanide is illustrated by the 
data of W. 8. Landis (U.S.P. 1369267, 1920), who 
heated various mixtures of cyanamide and salt 
to. a temperature above 1,300°C., and then 
cooled them rapidly to below 400°C., with tbs 
following results : 


Pascal and Eemhelm (Compt. rend, 1931, 192, 
1425) also found that the yield of eyamde at a 
given temperature increases with increase in the 
proportion of salt, though not markedly above s 
molar ratio NaCl/CaCN, of 2. The optimum 
proportion of charcoal was 0 2 parts to 1 of 
cyanamide, which corresponds closely with that 
actually present in technical crude cyanamide. 
These results might be explained by writing the 
fusion reaction as 

CaNCN-fC-f2NaCl=CaCIt-f2NaCN. 
end Perret and Perrot (Compt. rend. 1933, 197, 
764), who studied the reverse of the * -j* 
reaction, suggest that in the crude cysmde 
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obtained by the Landis process the cyanide is 
combined ivith sodium rather than with 
calcium. According to Freeman (Can. P. 229767, 
1923), however, the salt/cyanamide ratio in the 
initial mixture is without influence on the 
equihbrium yield of cyanide produced in the 
fusion, and the use of only half the quantity 
of salt required by the above equation is actually 
recommended. 

Landis (U.S.P. 1359257, 1920) had already 
shown that cyanide formation does occur in 
the absence of salt, and Franck and Neubner 
(Z. Elektrochem. 1934, 40, 693) investigated in 
detail the unassisted reaction between barium 
cyanamide and carbon, finding increasing 
cyanide production as the temperature was 
raised. In the case of calcium cyanamide the 
relationships are more complicated, and the 
presence of a flux, preferably a calcium salt 
such as the chloride or fluoride, is of great 
advantage. It appears reasonable to assume, 
with Franck and Burg {ibid. 1934, 40, 686), 
that the reaction occurring during the fusion is 

CaNCN+C^Ca(CN)2-38-5 kg.-cal., 

an endothermic reaction which goes further to 
the right at higher temperatures (see also 
Franck and Bard:, ibid. 1934, 40, 699). In 
addition, the slightly endothermic double 
decomposition, 

Ca(CN)j+2NaCM 

2NaCN+CaCl2-3-9 kg.-cal., 

of which the equilibrium will be little afieoted by 
temperature change, may proceed to a small 
extent. On this view, the crude cyanide 
obtained from technical cyanamide by, fusion 
with salt consists essentially of a mixture of 
calcium cyanide and sodium chloride, a con- 
clusion confirmed by an X-ray analysis of the 
product carried out by Bredig (see Franck el al., 
Samml. chem. chem.-techn. Vortrage N.!". 
No. 6, 1931). The conclusion is also in agree- 
ment with the general properties of the product, 
such as its non-hygroscopio character (indicating 
the absence of calcium chloride) and the rate of 
its hydrolysis by atmospheric moisture to give 
hydrocyanic acid. 

Crude calcium cyanide is used in gold-mining 
and in fumigation, but cannot be used in the case 
hardening of iron and steel. It is at a general 
disadvantage compared with high-grade fused 
sodium cyanide on account of its relatively low 
cyanide strength, and eflforts have been made 
both to convert it into a high-grade product and 
to modify the synthesis reaction so as to produce 
a high-grade product directly. Although the 
desired products are in most cases sodium 
cyanide, the processes are dealt with at this 
point, and not under Alkali Metal Cyanides, 
because of their basic derivation from the Landis 
process. 

In U.S.P. 1734562, 1929, Cooper proposed to 
recover sodium cyanide from the crude calcium 
cyanide by mixing it with sodium carbonate and 
dissolving the mixture in water to give a solution 
of sodium cyanide and sodium chloride, which 
was concentrated to a strength of 20% NaCN, 
and then cooled to — 15°C. to crystallise the 
dihydrate NaCN,2HjO. This was dried by 
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centrifuging, and converted by heating into the 
anhydrous salt, analysing 80-90% NaCN. 
This process has not been brought into eom- 
mercial operation. 

An interesting variation of the Landis process 
is -provided by E. J. Pranke, who proposes 
(U.S.P. 2004130, 1935) to fuse calcium cyanamide 
with powdered sodium cyanide at 1,350-1, 400°C. 
in an electric furnace ; as in the Landis process, 
the reaction CaNCN-|-C=Ca(CN )2 occurs, 
but in the presence of sodium cyanide a stable 
double salt Na 2 Ca(CN )4 is formed, which is 
preserved by rapid cooling. The product as it 
stands has a cyanide strength equivalent to 
80% NaCN and if desired can be converted 
into pure sodium cyanide by treating with 
liquid ammonia. Sodium cyanide is dissolved 
out, and can be recovered by evaporation of the 
solvent (U.S.P. 1947570, 1934), and calcium 
cyanide is left, and can be converted into the 
sodium salt by a method similar to that described 
in the preceding paragraph {see also B.P. 411177, 
1932). In several other patents {e.g. Canad.P 
319011, 1932), Pranke claims the production of 
the double salt from calcium carbide, sodium 
chloride, and nitrogen, a procedure which 
constitutes a combination of the cyanamide 
synthesis and the Landis cyanide fusion reaction 
in one step, giving a direct nitrogenation of 
carbide to cyanide. The direct nitrogenation of 
calcium carbide to cyanide at l,240°O., with 4% 
of calcium fluoride as a flux, has been reported 
by Franck (Samml. chem. chem.-techn. Vortrage 
N.F. No. 6, 158), who obtained an 85% yield 
of cyanide {see also G.P. 588943, 1928). 

The use of sodium carbonate as a flux instead 
of sodium chloride is stated by Wohler, Krall and 
DomhSfer (Angew. Chem. 1934, 47, 733) to lead 
to the conversion of commercial calcium 
cyanamide into sodium cyanide, the reaction 
being : 

CaNCN-hC-l-Na 2 C 03 =CaC 03 -f 2 NaCN 

Whether sodium cyanide is formed during the 
fusion may be uncertain, but it is obvious that 
when the product is extracted with water, 
sodium cyanide solution will be obtained and 
calcium carbonate left behind. According to 
B.P. 437614, 1934, fusion of the mass is not 
necessary, as the reaction proceeds under 
suitable conditions at 600-1, 100'’C., and the 
granular product is then more expeditiously 
leached with water. 

Considerable teehnical advantages are elaimed 
by D. Hatt (Chim. et Ind. 1932, 28, 777) for a 
modification of the Landis process which has 
been investigated semi-technically in France by 
the Usines de Produits chimiques de Thaim. 
The new process consists in the treatment of 
calcium cyanamide with a mixture of two 
substances which react strongly exothermically 
to give nascent carbon, e.g. calcium carbide and 
sodium earbonate (G.P. 480905). The produetion 
of carbon is said to proceed as follows : 

N ajCOa-h 2CaC2= N a20-h2Ca0-h 5C 
and the whole reaction thus : 

CaNCN-t- 2 CaC 2 -t-Na 2 C 03 

=2NaCN-f3CaO-l-4q 



490 CYANIDES. 


The reaction is exothermic, and starts at 45<>- 
500°C., after which the temperature nses 
spontaneously to 920°C. within 9 minutes. The 
crude product contains 20-22%NaCN, und 
sodium cyanide of 99% punty can readily be 
produced from it by extraction with hquid 
ammonia. The crude product of this pnxeM 
IS remarkable in that its cyanide content is 
easily and quantitatively hydrolysed by steam 
at atmospheric pressure into sodium formate 
and ammonia 

So far as is known, none of these modifications 
to the Landis process has been developed com 
mercially. 

2. From CarbonaUa end A’lfroyen. — It is 
evident, from the descriptions already |:iTenof 
methods of fixing nitrogen in the form of alkah 
and alkaline earth cyamdes, that compounds of 
the alkaline earth metals are more suitable than 
those of the alkah metals for fixing atmospheric 
nitrogen and that, of the alkaline earth 
metais, the compounds of barium most readily 
form cyanides under ’oe conditions necessary 
for nitrogen absorption Margnentte and 
A. L. de Sourdcval (B P 1171 of I860, Coropt. 
rend 1860, 50, 1100) discovered that a imature 
of barium oxide and carbon readily abaorba 
nitrogen on heating, and gives banum cyanide. 
Ludwig Mond (B P 433 of 1882 ; i S.C 1. 
1889, 8. 506) also worked on this process, using 
a mLxture of banum carbonate and excess of 
carbon bnquetted with pitch cyanide forma- 
tion was appreciable at 1,200°C , and proceeded 
most readily at I,400°C. The apparatus used 
was euniJar to that of Possoz and Boissiire in 
their analogous process with sodium carbonate 
{itt under Alkali Metal Cyanides, p. 481), and 
40% of the barium was cyanised. In each of 
the above cases the object of the experiments was 
the production of ammonia. 

As in the technical practice of the Bucher and 
Landis processes, therefore, mternal electrical 
heating is very suitable. Headman developed 
such s process (6 P, 6621 of 1894). which was 
■worked by the Scottish Cyanides Ck>. between 
1899 and 1907. Barium carbonate from a later 
stage was mixed to a thick paste with ground 
coal, dried and coked in ordinary gas retorts 
The granular mixture of banum oxide and coke 
so produced passed to a cylindncal electnc 
furnace, the lower part of the waU forming one 
electrode and a central carbon rod suspended in 
the upper part of the furnace forming the other 
The solid mass was heated in passing downwards 
betn een the electrodes, and a current of producer 
gas containing 70% of nitrogen was passed 
upwards through the mass. The cooled jwcxluct 
was lixiviated with water, and the solution of 
barium cyanide, cyanamide andhydroxide treated 
w ith sodium bicarbonate. After filtenng off the 
banum carbonate precipitate for return to the 
process, the sodium cyanide solulion was 
concentrated tn vacuo, cooled to deposit crystals 
of NaCN,2H20 which were centnfugra and 
dehydrated by heating The Badiache Amhnund 
Soda Fabnk also developed this process (C.P. 
190955, 1906), ohtsining a fusion piquet 
containing 60% of its fixM nitrogen as banum 
cyanide and 40% as cyanamide. This was 
treated with acetylene at 600-800°C., when the 


lyanamide was transformed into cyanide. An 
account of more recent work on the process m 
Sweden is given by Stilhane and Liandet 
(Ing. Vetenskaps Akad. Handl. No. 112 193] 
5-60). 

A considerable amount of work on the 
cheoustry of this method of nitrogen fixation 
as cyanide has been done at lower temperstuiee 
Bertelsmann (Technologic der Cyanverbind. 
luigen, 1906, 83) has ascribed the ease of nilro. 
genation of barium compounds to tbeir infusi 
bility, so that they remain solid and present a 
Urge surface to the action of nitrogen under 
the cyanising conditions. But although unde 
composed barium carbonate does not melt at 
1,350*0. (Finkelatein, Ber. 1906, 39, 1585). lU 
mixtures with barium oxide, which are alwaji 
formed at the high temperatures in question, are 
readily fusible. The formation of banum 
cyanide (m.p. about 600“C.) still further incmsej 
the fusibihty of tlio reaction mixture, which must 
therefore in this process bo a liquid phase of 
variable composition. 

Kuhling and Berkhold (Ber. 1908, 41, 28) 
obtained 40% nitrogenation of the barium in s 
mixture of barium carbonate and carbon at 
1,150*C., the reaction diminishing as tbs 
temperature was lowered and being extinguished 
at about 925*C Ewan and Napier (J6C,1 
1913, 32, 467) showed that nitrogen absorption 
which, os stated by DIond (I c.) depends on tbs 
two reversible reactions, 

BaCO,-fC BaO42CO-1012 kg.ral 
BaO+SC-f-N, Ba(CN),+ CO--431kg ral 
IS therefore hindered by the accumulation of 
carbon monoxide, and favoured by the use of 
a large excess of nitrogen. In 2 hours at 060° C. 
they obtained 40% nitrogenation of the barium 
when using a 28-fold excess of nitrogen, Tba 
pressure of carbon monoxide m equilibrium with 
pure barium carbonate and carbon js large 
enough to prevent the second reaction from 
proc^ing to the nght, but as the banum 
carbonate is diluted with barium oxide tbs 
equihbnum pressure falls to very low values 
It IS therefore concluded that the greater part 
of the banum carbonate decomposes before any 
cyanide is formed. Ewan and Napier obtainea 
the same equilibrium product, at a given tern 
perature and gaa composition, from starting dux- 
tores of BaCOj-f-BaO+C and of Ba(CN}|+ 
BaCNj-f-C. Their results at temperatures of 
1,000°, 1,100°, and 1,150°C. with vanous 
mixtures of nitrogen and carbon monoxide 
appeared to indicate by extrapolation that the 
maximum quantity of barium which could 
combine with pure nitrogen was 60% at all the 
temperatures, but they obtained a product 
corresponding to 67 1% nitrogenation by heating 
for 82 hours at 1,100°C. with nitrogen containing 
only 01% carbon monoxide. 

A further equilibrium which must bo taken 
into account « the decomposition of cyanide into 
cyanamide ond carbon : 

Ba(CN)j ^ BaNCN-i-C 
This decomposition begins at about 600'C, 
■nd the equilibrium ratios of cyanide/cyanaiDide 
at tamperaturea from 600° to 900°C. have been 
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measured by Franck and Neubner (Z. Elektro- 
chem. 1934, 40, 693), ivho find that only 3% 
decomposition of cyanide occurs at 900°C. 
According to Ewan and Napier, the presence of 
barium oxide in the melt has a disturbing 
effect on the equilibrium, so that the relative 
amounts of cyanide and cyanamide produced by 
the action of nitrogen on mixtures of barium 
oxide and carbon are very erratic. They do not 
consider that barium carbide can be an inter- 
mediate product, since the pressure of carbon 
monoxide present is always greater than the 
equilibrium partial pressure which they deter- 
mined for the reaction 

BaO-b3C BaCj-kCO. 

Hempel (Ber. 1890, 23, 3388) and Stabler 
(Ber. 1916, 49, 2292) found that the formation 
of cyanide was greatly favoured by working 
under a nitrogen pressure of 60 atmospheres. 
Stabler obtaining a product containing 74% 
of barium cyanide with no cyanamide. Caro 
(Z. angew. Chem. 1910, 23, 2405) studied the 
effect of adding calcium and barium fluorides 
to the melt at 1,100°C. and 1,200°C. In no 
case was the barium nitrogenated to a greater 
proportion than 50%. 

At higher temperatures it appears that as 
much as 80% or more of the barium can be 
nitrogenated (Badische Anilin und Soda Fabrik, 
B.P. 2133 of 1907, 22039 of 1906; Kaiser, 
F.P. 454237, 1912 ; 454238, 1913). Ewan and 
Napier suggest that, at temperatures above 
1,200'’C. barium carbide may be an intermediate 
product, since by applying Nemst’s theorem to 
their measurement of the carbide-forming re- 
action mentioned above, they were able to cal- 
culate that the equilibrium pressure of carbon 
monoxide at 1,500°C. is 100 mm., and at 1,700'’C. 
is 1,026 mm. These figures suggest that the car- 
bide could exist under the experimental condi- 
tions obtaining at these temperatures. In this 
connection it may be noted that Franck and 
Neubner (Z. Elektrochem. 1934, 40, 693) noticed 
the formation of carbide, as well as cyanamide, 
on heating barium cyanide above 900°C. 

3. From Hydrocyanic Acid . — It is difficult to 
prepare pure anhydrous barium cyanide from the 
aqueous solution which is obtained by neutralis- 
ing baryta with hydrocyanic acid, owing to 
the ready hydrolysis of the salt. In the case 
of calcium cyanide, which is a technically 
valuable compound, the pure anhydrous salt 
can under no condition be prepared from aqueous 
solutions, the hydrolysis being assisted by the 
formation of the relatively insoluble calcium 
hydroxide. An impure technical anhydrous 
calcium cyanide may be made, however, by the 
interaction of calcium oxide and hydrocyanic 
acid, both in the anhydrous state. The Deuts. 
Gold-u.-Silber-Scheideanstalt describes, in G.P. 
555223, 1929, the preparation of a powdered 
product containing more than 40% Ca(CN)2 
by treating powdered calcium oxide with boiling 
anhydrous HCN. The presence of 1-3% (by 
weight of the HCN) of an accelerator such as 
ammonia or water is recommended in order to 
minimise the loss of HCN by polymerisation. 
The reaction may also be effected in an inert 
medium such as diethyl ether, in which calcium 
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cyanide is insoluble. Similar proposals have been 
made by the Roessler and Hasslacher Co. 
(U.S.P. 1909042, 1933 ; 1950879, 1934). 

Franck and Freitag (Z. angew. Chem. 1926, 
39, 1430) describe a method of making calcium 
cyanide of 99% purity by the action of hydro- 
cyanic acid on a solution of calcium in liquid 
ammonia, when hydrogen is evolved and a 
precipitate of the diammoniate, 

Ca(CN)2,2NH3, 

is produced. The same compound may also be 
obtained by the action of H C N on a solution of 
calcium nitrate in liquid ammonia. It is 
stable in vacuo at 100°C., but begins to lose 
ammonia at 150-160°C., and is completely free 
from it after 2 hours at 180°C. Similar data are 
given by Poindexter in U.S.P. 1596120, 1926; 
1652874, 1927. A manufacturing process 

on these lines has been developed by the I.G. 
Farbenindustrie A.-G., and is described in B.P. 
300349, 1927. A calcium compound such as 
the oxide or nitrate reacts with hydrocyanic 
acid and ammonia in the presence of water to 
give small crystals of the diammoniate, which 
are dried by washing with an organic liquid 
taking up water and are then decomposed by 
heating to give a product of the following 
analysis: Ca(CN)j 85-88%, Ca(OH )2 8-11%, 
CaCOg 1-0%, NH3 0-5%, which is used in 
fumigation. 

Another method of manufacture of calcium 
cyanide is described in Metzger’s B.P. 261722, 
1925, and in Ind. Eng. Chem. 1926, 18, 161. 
Liquid hydrocyanic acid reacts with calcium 
carbide according to the equation 

CaC2-l-2HCN=Ca(CN)24-C2H2. 

The reaction is carried out by stirring powdered 
carbide with excess of the liquid to complete 
the reaction, distilling off the excess and leaving 
a finely divided buff powder of the approximate 
composition Ca(CN)2,2HCN, from which 
the hydrocyanic acid may be easily removed by 
heating in vacuo. According to Franck and 
Freitag (i.c.), the product from commercial car- 
bide contains not more than 55% Ca(CN)2 with 
25% HCN, and after removing the hydrocyanic 
acid leaves impure calcium cyam’de containing 
25-30% CN. 

Pbopebties or the Alkaeinb Eabth Cyan- 
ides. — Barium cyanide. Crystals of the 
dihydrate, Ba(CN)2,2H20, may be prepared 
by adding hydrocyanic acid to baryta in 
theoretical quantities, and evaporating the con- 
centrated solution in vacuo (Joannis, Ann. chim 
phys. 1882, [5], 26, 484). The evaporation may 
be avoided by drying pure Ba(0H)2,8H20, 
in vacuo at lOO^C., and suspending the finely 
divided powder of anhydrous barium hydroxide 
in dry light petroleum to be treated with a 
small excess of dry hydrocyanic acid also mixed 
with light petroleum ; the dihydrate then 
crystallises directly : 

Ba(0H)2-f2HCN=Ba(CN)2,2H20 

The dihydrate is very deliquescent, but may be 
converted into the amorphous monohydrate by 
drying in vacuo over sulphuric acid, and the 
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monoBydrote in turn may be completely excess of liquid hydrocyanic acid (US.P 
dehydrated by gradual heating to 10(f^ i» 1609038, 1926). The compound, which u 
focwo. Although banum cyanide u much more readily soluble in water but not in hydrocyme 
stable than the other alkaline earth ^amdes, acid, la precipitated and washed with hydit». 
it la diflScuit to avoid some hydrolysis during the cyanic acid and dried in vacuo at 40°C. for »i 
above dehydration, so that the product often 30 minutes. B P. 314242, 1928, reema 
contains some banum hydroxide, which can, mends the use of ethanol instead of wafer iq tie 
however, be removed by shaking the solid with preparation, since the compound is piacticsay 
a small quantity of hydrocyanio acid and insoluble in this solvent and the use of a large 
petroleum and redrying, * practitally excess of hydrocyanic acid is therefore avoided, 

pure product. If methanol is used instead of Mg{CN),*2NHj is more stable than tie 
petroleum in the above preparation, a com corresponing calcium compound, the amooma 
pound, Ba(CN)(OCHj)-f-CHjOH is ob- being removed only by prolonged heating w 
tained, which on heating loses first methanol locuo above 250*0. 
and then dimethyl ether, Tearing 

BaO+Ba(CN), V, HYDROCyANIC ACID. 

(Drechsel, J. pr. Chem. 1880, [u], 21, 77) Techxical Methods of Prefsratiox — 

Dry methods of preparation alwaw yield j. Perroeyonides.— Ferrocyanides gire 

mixtures of cyanide and cyanamide; for hydrocyanio acid on treating with dilute 
instance, by healing banum fenocyanide above sulphuric add (Gattermann, Annalen, 1907, 357. 
600''C. or by the action of nitrogen on banum 3 I 8 ). Only one-half of the cyanide is thus 
carbide the same product, containing about recovered as HCN, however, owing to the 
60% of its nitrogen as cyanamide, is obtained formation of the relatively insoluble Eventt'i 
This is due to the equibbnum salt 

Ba(CN), BaNCN+C, 2K«Fe(CN),+3HjSO, 

which has been studied, as already mentioned, — 6HCN+ jre 2 (CN),+ 3 K,S 04 

by Ewan and Napier (JSC.I 1913, 32, 467) Eventt's salt can be incompletely reconverted 
and by Franck and Neubnet {Z. Elektrochem mlo soluble ferrocyaidde by boihng with 
1934, 40, 603)- caustic soda (Erlenmeyer), the complete eon 

Banum cyanide is a colouilees sobd, melting version requiring the assistance of simuitaDooni 
at 600"C. approximately, at which temperator® oxidation with air, when Fe,©. or feme 
it is appreciabiy volatile. It is soluble in water hydroxide b precipitated instead of femai 
to the extent of 80 g. per 100 g, of water at hydroxide (Grossmann, B.P. 36, ef. 4513, both 
14*C , and much less solnble m alcohol of 1903). Dewrance and 'Wilhame (B.P. 28071 ol 

Calcium cyanide cannot be prepared m the 19 O 8 ) obtain complete decomposition of alhli 
wet way. An aqueous solution of hme in fcrro^anides by distiliing them with acid in tit 
hydrocyanic acid decomposes almost completely presence of a small amount of cuprous chlondej 
on bofling, and on evaporation in cactio gives a the action b supposed to be due to the inter- 
cnrstalline compound, 3CaO Ca(CN)},16H|0 mediate formation of cuprous ferrocysnide 
(Joanius), which decomposes completely id a having the property, exceptional among ferro- 
vacuum, leavmg only lime. Dry reactions at cyanides, of yielding the whole of its cyanogM 
iuffh temperatures, on the other hand, yield only as hydrocyanic acid on decomposition with 
calcium cyanamide, for m the case of the calcium boding dilute sulphuric acid. The decomposition 
compounds the cyamde-cyanamide equihbrium ©f complex iron CTanides with steam in tho 
is more in favour of tho cyanamide, absence of acids is mentioned in P.P. 721762. 

Finely powdered calcium cyanide is rapidly 1931 . rapid removal of the hy^oeyanic acid 
hydrolysed by atmospheric moisture, with ' beam thn cnactinn. snim 14 nerjeaaarj m order ts 
almost quantitative evolution of hydrocyanic avoid secondary decompositions 

2. FromTbiocyanates. — ^Thereductionofslkih 
Ca(CN),+2H,0*=Ca(0H).+2HCN thiocyanates with hydrogen, when 0 part of 
the cyanide produced appears as hyarocyaiac 
' On account of this property it finds use as a acid, has already been mentioned. With banuin 
fumigant, which is applied to the space to he and cuprous thiocyanates (Conroy, Heslop asd 
fumigated by blowing the fine powder as a Shores, J.S.C.I. 1901, 20, 320) the pncc^l 
cloud with air from a hand-operated fan The mtrogenocs product is hydrocyanic acid, and in 
hydrolytic decomposition is completed m a few tho case of the cuprous salt, the reaction 
minutes. begins below 300°C. Eossiter, Crowtber and 

Magnesium cyajildehasnot been prepared, Albright (B.P. 4403 and 6226 of 1901) miim 
but is known in the form of a diammoniate cuprous thiocyanate with finely divided copper 
corresponding to the calcium compound. This and heated the mixture with hydrogen at 
compound was first obtained by Bergstrom temperatures rising from 150® to G50°C. Hyu« 
(J. Amer. Chem. Soc. 1924, 46, 1565) by cyamo acid was evolved and cuprous sulphide 
treating a solution of mercuric cyamde in liqmd formed. 

ammonia with magnesium. Olberg obtmned it Tha most important method of converting 
by treating a aaturated aqueous solution of thiocyanates into hydrocyanic acid is Raschea • 
magnesium nitrate or chloride (I moL) with mine acid oxidation process (B.P. 10-476, 

4-6 mola. of ammonia, and then with a large and 2J678 of 1895; 19767 of 1893; I2I80 cl 
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1900), which has been operated on a com- 
mercial scale (Conroy, J.S.C.1. 1899, 18, 432). A 
15% sodium thiocyanate solution was allowed 
to flow into dilute nitric acid kept at the boiling- 
point by means of live steam : 

NaCNS-h 2 HN 03 =HCN-fNaHS 04 -l- 2 N 0 

A slight excess of nitric acid was used in order 
to obtain a quantitative decomposition. The 
gases leaving the decomposer were scrubbed 
with a limited amount of water to remove 
traces of N2O3, the wash water being returned 
to the decomposer. The 33% of HCN in the 
resulting gas was actually removed by absorption 
in caustic soda solution of sp.gr. 1-37, avoiding 
the presence of an excess of hydrocyanic acid 
owing to its tendency to form polymerisation 
products in the presence of cyanide, and the 
cyanide solution evaporated to dryness in 
vacuo. A 96-99% yield of HCN is claimed. 
The nitric oxide remaining was mixed with air 
and the mixed gas soruihed in flint-packed 
towers with water, giving a nitric acid solution 
of sp.gr. 1-12 which was returned to the system. 
Two more recent patents of the Gesellschaft fiir 
Kohlentechnik (B.P. 356190 and 356724, 1929) 
describe a similar process starting from 
ammonium thiocyanate, a readily available by- 
product from gas works. 

3. By the “ Schlempe ” Process . — ^The juice of 
the sugar beet contains both inorganic and 
organic substances other than sugar, and these 
substances accumulate in the molasses. In 
Germany, the greater part of the molasses 
produced is treated with strontia, which 
combines with the sugar to form an insoluble 
suorate. The liquid residue from this pre- 
cipitate, which contains the impurities of the 
original juice in concentrated form, is known as 
“ schlempe,” and is concentrated to a sp.gr. of 
1-4. It then contains 75% of dry substknees, 
of which 30% are inorganic (mainly potassium) 
salts and the rest organic substances. It 
contains about 4% of nitrogen in the form of 
betaine, 

CH. — CO 

1 \o 

N(CH3)3/ 

and decomposition products of the vegetable 
proteins. A small part of the molasses which is 
not treated by the strontia process is fermented 
to alcohol, and the residue from this fermenta- 
tion is known in Prance as “ vinasses.” When 
“ vinasses ” are distilled at 700-800'’C. in 
horizontal iron retorts, vapours containing 
ammonia, the three methylamines, various 
higher alkylamines, methanol and combustible 
gases are evolved, and a solid mixture of 
potassium carbonate and carbon remains 
behind (DuviUier and Buisine, Ann. chim. phys. 
1881, [5], 23, 289 ; Ost, Z. angew. Chem. 
1906, 19, 609). Vincent worked this distillation 
process in 1877-1880 for the preparation of 
methylamines, and in 1879 Ortlieb and Muller 
developed a process for converting the methyl- 
amines into hydrocyanic acid, ammonia, 
methane and hydrogen by passing their vapours 
through a red-hot retort. This process was 
operated by the Societe Anonj-me de Croix 


(B.P. 3844 of 1879), the ammonia being absorbed 
in sulphuric acid and the hydrocyanic acid 
converted into ferro cyanide by treatment with 
a suspension of ferrous hydroxide in caustic 
potash. The manufacture of methylamines 
was abandoned in 1881 for want of a market, 
and with it the subsidiary production of 
cyanides. 

The production of hydrocyanic acid from 
“ schlempe ” was put on to an economic basis 
by Bueb (see Beichardt and Bneb, B.P. 7171 of 
1895 ; Bueb, B.P. 26259 of 1898), who cut out 
the intermediate separation of the methylamines 
and passed the “ schlempe ” distillation products 
directly to the cyanising furnace. Bueb’s 
process (Muhlert, Chem. App. 1925, 12, 156) is 
worked at the present time as follows: the liquid 
“schlempe ” is run into a horizontal retort of the 
gas works type made of highly aluminous fire- 
clay and heated by the residual gas formed in the 
process. The pasty carbonaceous residue has to 
be scraped out of the retort by hand, and is 
then lixiviated to recover potassium carbonate. 
The gases, after condensation of tar in a 
hydraulic main, pass directly to the cyanising 
chambers, which are filled writh fire-brick 
checker-work. During the cyanising, which is 
carried out at above 1,000°C., carbon is deposited 
on the brickwork and the temperature falls; 
reheating is carried out by direct firing with 
producer gas, when the carbon deposit is burnt 
off. Two such chambers are therefore used 
alternately, one being reheated whilst the gases 
are being oyanised in the other. The cyanised 
gas contains 7% HCN, 7% NH3, 8% hydro- 
carbons (mainly methane), 12% Hj, 18% CO, 
24% CO2, and 24% Nj. It is cooled and 
scrubbed with hot dilute sulphuric acid to 
remove ammonia. The hydrocyanic acid is 
then removed by water scrubbing in a 24-plate 
bubble cap column, a 2-3% aqueous HCN 
solution being obtained. This is distilled 
through a fractionating column having 11 plates. 
The hydrocyanic acid leaves the top of this 
column as a concentrated gas. 

In the early days of the process, the hydro- 
cyanic acid was worked up into ferrocyanide 
by the wet process for HCN -recovery from coal 
gas (see Ferro cyanides, p. 468). At the 
present time, however, it is converted into 
relatively pure briquetted sodium cyanide by 
the method described under Alkali Metal 
Cyanides, p. 481. Of the nitrogen in the 
“schlempe,” about 45% is recovered as sodium 
cyanide, 20% as ammonium sulphate, and 35% 
is lost ns elementary nitrogen. 

The decomposition of monomethylamine at a 
red heat into hydrocyanic acid, ammonia, 
methane and hydrogen was noted by Wurtz 
(Ann. chim. phys. 1850, [iii], 30, 443), who 
established the following equation : 

3CH3NH2=2HCN-fNH3-pCH4-b3H2 

The behaviour of di- and tri-methylamines under 
similar conditions, when passed through heated 
porcelain tubes containing broken porcelain, 
firebrick or charcoal, has been studied by 
Voerkelius (Dissertation, Hannover, 1909). The 
formation of hydrocyanic acid from dimethyl- 
amine begins at 600°C., and between 800° and 
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1,100®C. quiatitative decomposition according 
to the equation 

NH(CHj)j=HCN+CH4+H, 
occurs. Increasing dilution of the dunetbyl- 
amine vapour with hydrogen leads to the 
production of ammonia by the reaction 

NH(CH,)j+2Hj=NHj+2CH4 
With a gas containing 50% hydrogen hardly 
any ammonia is formed, hut with 97% hydrogen 
no hydrocyanic acid is produced Similar 
results were obtained with trimethylamine, 
which at temperatures between 800® and 1,000'C 
decomposes to the extent of 98% according to 
the equation 

N(CHj),=HCN+ 2CH4. 
and 2% according to 

N{CH,)3+3Hj=NH3+3CH4 
Within the above temperature range, the 
results are not much affected by changes 
m the time of contact or the amount of heated 
surface exposed to the gas Bnt at higher 
temperatures, or in the presence of iron or 
Tcfraetorv materials at longer times of contact, 
considerable decomposition of the hydro^anic 
acid into its elements occurs At 6(X>®C no 
decomposition of the trimethylamine occurred to 
give hydrocyanic acid, and at 720*C the yield 
MAS only 78% 

TheDeuts Gold'U.-Sdber Scheideanstaltvorm 
Rocssler (F P. 447725, 1911, and 443722, 1912) 
claim that, by passing the “ echlempe ” gases at 
high velocity through heated passages made of 
fused quartz or of Dinas brick without Ailing 
material (thus having the smallest possible con 
tact surface), the whole of the nitrogen is 
obtained as ammonia or hydrocyanic acid 
According to 0 P 420729, 1924, the salts of 
Inmethyramme, betaine and hexamethylene- 
tetramine (especially the hydrochlorides) give 
hydrocyanic acid on heating in greater yield 
than is obtained from the free bases, betaine 
hydrochloride giving 70-80% of the theoretical 
quantity of HCN as compared with 60-60% 
obtainable from betaine itself 
4 From Ammonia and Carbon Monoxide — 
The production of hydrocyanic acid from carbon 
monoxide and ammonia by heating them in the 
presence of sjiongy platinum was first noticed by 
Kuhlmann (Annalen, 1841, 38, 62) Jackson 
and I>aurie (J.CS 1906, 87, 433), working with 
the dry g&scs, were unable to confiim tbis 
observation, their only products on sparbinc', 
treating by the silent electric discharge, or in the 
presence of a heated platinum wire being 
ammonium cyanate and hydrogen • 

CO+SNHj^NHjCNO+Hj 
jrailhe and de Godon (Bull Soc chim. 1920, [iv], 
27, 737) found that alumina catalysed the 
production of hjdrocyanic acid at 400-420®C, 
a rapid reaction occurring at 650®C 
C0+NHj=HCN-|-H,0 


thona and alumina (Badiache Amlin und 8rvl 
Fftbnk, B.P. 220771, 22443S, 1923; IG.X 
bemnd. A.-G., B.P. 200369 ; Dents. Gold-o 
Silber Scheideanstalt vorm. Roessler B p" 
207830. 233918, 1922; Bredig and E]^ Bp' 
229774. 229973, 1923; G.P. 522532- USP 
1598707,1926; 1634735.1927; Frank and Cam' 
BP, 282379, 1926 ; 301093, 1927- 
611726). 

Further information on the catalytic reaction 
IS given in the technical literature by Bredig and 
Elod (Z Elektrochem. 1930, 36, 1003; iSJ], 
37, 2), who worked with alumina, eena and 
thona at 600“, 600“, and 700°C and at reaction 
times of 1-12 seconds With a gas containing 
20 volumes of carbon monoxide and 1 rf 
ammonia, a contact time of 1 second at 700°C 
with alumina gave a 65% yield of hydrocyanic 
acid from the ammonia, and 14% of tbe 
ammonia was lost by decomposition ; with a 
volume ratio of 10CO .1 NHj under the samo 
conditions, the HCN yield was 48% Fuchs 
and Verbeek (Ind Eng. Chem 1935, 27, 410) 
describe the production of an active alumina 
catalyst, probably in the form of a gel, by 
precipitation of aluminium hydroxide from 
aluminium salt solutions and drying the prr 
cipitate under controlled conditions With ihu 
catalyst at 690®C , a gas mixture of miUl 
composition 9CO 1 N Hj ga\’e e54% conversion 
of ammonia into hydrocvamcaod with a contact 
time of 1 second 

Yields of this magnitude are surprisbg in 
view of the case with winch the reverse reaction, 
the hydrolysis of hydrocyanio acid to ammonia 
and carbon monoxide, can bo carried to com 
plclion by heating with steam and a cata^it 
such as broken brick, iron oxide or manganese 
dioxide (see Carpenter and Linder, J8CI 
1905. 24, 63). The explanation is probably to be 
found m the reduction of the piitial pressure of 
steam by the operation of the water gu 
equiLbnum, 

•CO+HjO^iCOj+H,. 
for which the equilibrium constant 
[COJCHjOJ/CCOglCH,! 

at 600“C. IS 0 35 Bredig and EIdd (Z. Elektro 
chem. 1930, 36. 1003) find that the use of an 
cxcpss of carbon monoxide produces a greater 
increase m the HCN yield than a correspondinj! 
excess of ammonia, which is in harmony vitb 
the aba\ e explanat ion. The reaction mechaninn 
when ceria is used as the catalyst is discussed in 
Z Elektrochem 1931, 37. 2 
The separation of the hydrocyanic acid from 
the reaction mixtures offers difficulties, sinw 
unchanged ammonia and carbon dionde sre 
present m the gas Many of tho method ; 
desenbed under Alkali Metal Cyanides, p 4M, 
are applicable, and in addition it has been 
proposed (1) to freeze out ammonium cyaflidr 
(G.P. 444504, 1922), (2) to treat the emmoni* , 
and carbon dioxido with calcium sulphate ' 

water 


Alany catalysts have since been proposed in the i CaS 04 + 2 NH 3 -i-C 0 j+ HjO 

patent literature, the most important being* «=CaCOj+(NH 4 )|SO| 
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as in a technical method for the manufacture 
of ammonium aulphate (U.S.P. 1606767), and 
(3) to absorb the hydrocyanic acid in active 
charcoal or silica gel. An interesting adaptation 
of the reaction to the direct production of fused 
sodium cyanide has been proposed in B.P. 
301565, 1927, and in U.S.P. 1955229, 1934; 
a mixture of ammonia and carbon monoxide is 
caused to react with sodium hydroxide, carbon- 
ate, sulphide or other salt at 580-650°C. 

5. From Formamide . — Hydrocyanic acid can 
be obtained by the catalytic dehydration of 
formamide : 

HC0-NH2=HCN-bHj,0 
Eormamide itself may be prepared by the 
following methods : 

(а) From formic acid and ammonia, which 

give ammonium formate. On distilling am- 
monium formate, water containing small quan- 
tities of ammonia and formic acid is first given 
off, and at 180°G. the distillation of formamide 
begins. As the temperature is raised to 220°C., 
increasing quantities of carbon monoxide are 
evolved. The reactions occurring are : , 

H-CO-ONH^ H-CO-NHa-bHjO I 

H CO ONH4 H-CO-OH-l-NHa 

HaO-l-CO-bNHj 

Experiments on this decomposition are described 
by Lorin (Annalen, 1864, 132, 265) and by 
IVeer and Sherman (Amer. Chem. J. 1898, 20, 
223), who recommend that the dehydration be 
carried out in an atmosphere of ammonia. 
The use of dehydrating catalysts such as bauxite 
for the vapour phase reaction at 170°C. is pro- 
tected by the Badische Anilin und Soda Fabrik 
in B.P. 237628, 1925). 

(б) From alkyl formates and ammonia, the 
reaction having been discovered by A. W. 
Hofmann (J.C.S. 1863, 16, 72), who saturated 
ethyl formate with ammonia and heated it in a 
sealed tube at 100°C. for 2 days. Alkyl formates 
are produced by treating solutions of sodium 
alkoxides in the corresponding alcohols with 
carbon monoxide under pressure (Stabler, Ber. 
1914, 47, 580) : 

CO-fNaOMe=NaCO-OMe 

HOMe-fNa-CO-OMe 

= HCOOMe-pNaOIVIe 
At the ordinary temperatures the reaction is 
slow, but goes to complete ester formation on 
prolonged treatment with carbon monoxide at 
300 atmospheres ; at 190°C., however, only 4% 
of the alkoxide reacts. Similar results were 
obtained by Fischer and Tropsoh (Ges. Abh. 
Kennt. Kohle, 1921, 6, 382), using sodium 
formate as catalyst, and by Christiansen (J.C.S. 
1926, 129, 418) on passing a mixture of carbon 
monoxide and methanol vapour over sodium 
methoxide at 70-100‘’C., high pressures and 
low temperatures favouring the formation of 
ester. According to B.P. 252848, 1925, when 
methanol containing 10 g. of dissolved sodium 
per litre is heated to 80°C. with carbon monoxide 
at 60 atmospheres, 75% of the alcohol is con- 
verted into methyl formate in 3 hours, whilst 
at 1,000 atmospheres the reaction is complete in a 
few minutes. 

The manufacture of formamide by this 


reaction is described in B.P. 240087, 1925. 
Methyl formate is first made by dissolving sodium 
in methanol and treating the solution with 
carbon monoxide as above. The product is 
then treated with ammonia at 60°C. and 150 
atmospheres. B.P. 254787, 1925, describes a 
vapour phase method by which methyl formate 
vapour is passed with ammonia over a dehydrat- 
ing catalyst such as alumina, thoria or silica gel 
at 200-300°C. with a short time of contact : at 
higher temperatures or with longer contact 
times the principal product is hydrocyanic acid. 

(c) From ammonia and carbon monoxide 
directly. K. H. Meyer and Orthner (Ber. 1921, 
54, [B], 1705) obtained some formamide, 

together with ammonium carbonate, formate, 
and cyanide, on heating a mixture of carbon 
monoxide and ammonia at 200‘’C. and 230 
atmospheres in the presence of earthenware. A 
similar process is described in B.P. 203812, 1922, 
but is not of technical interest owing to the pre- 
dominance of side reactions. The process 
described in B.P. 240087 above may be carried 
out by introducing the ammonia and carbon 
monoxide simultaneously into the sodium- 
methanol solution under the stated conditions, 
when it would fall under this head. The R. and 
H. Chem. Co. describe, in U.S.P. 1787483, a 
similar reaction at e.g. 70°C. and 17 atm. 

The dehydration of formamide to yield hydro- 
cyanic acid will obviously require temperatures 
higher than 200'’C., since formamide itself is 
produced by dehydration of ammonium formate 
at that temperature. Prom thermochemical 
data it may be calculated that the reaction is 
endothermic, the equilibrium therefore favouring 
HCN-formation at high temperatures, and it 
proceeds with an increase in gas volume, so that 
the yields of hydrocyanic acid are greater at 
I lower pressures. The variation of the equilibrium 


^ / [HCNJCHjOJN , 

constant kp NH ] / tempera- 

ture is given by the relation 


log kp=~ 


23380 

4-571T 


-fl-75 logT- 


0-0046 

4-571 


T-f3-5, 


the partial pressures of the components being 
expressed in atmospheres. From this relation, 
the percentage conversion of formamide to 
hydrocyanic acid at equilibrium at various 
temperatures and under total pressures of 1 
and 0-02 atmospheres may be calculated as 
follows : 


Temp. °C. 

Percentage coinersion. 

1 atm. 

0 02 atm. 

200 

8-8 

53-1 

300 

25-0 

87-7 

350 

— 

97-3 

400 

77-8 

99-4 

500 

90-7 



600 

99-4 

— 


Under favourable conditions the yields obtained 
in practice approximate to those calculated. 



496 CYANIDES. 


In the technical practice of thia theoretically 
very favourable reaction for the production of 
hydrocyanic acid, eeveral drScuItiea aiise. It 
ia found that liquid formamide near its boiling, 
point decomposea rapidly, though the vapow 
IS relatively stable. For this reason i( is 
necessary t^t the liquid he kept at its boiling- 
point for the shortest possible time, and the 
I G.Farbenind. A.-G. propose to obtain -vaporisa- 
tioD without decomposition by dropping the 
liquid (prefetably under reduced pleasure) on 
to a superheated surface kept considerably 
above 21S"C , so that vaponsation la immediate 
and no hqtud accumulates m the evaporator 
(B.P. 301974, 1927). Side reactions may 
occur during the dehydration, the moat impor- 
tant being the reaction of Hydrocyanic acid with 
steam to give carbon monoxide and ammonia. 
The use of catalysts which accelerate formamide 
dehydration hut which do not favour the 
secondary decomposition is therefore of 
advantage. The moat important catalysts are 
alumina, thoria and zirconia, especially after 
pre-heating to 1,000"C to reduce Ibeir activity 
m promotmg HCN. decomposition (B P 305816, 
1928), and certain melala such as brass and 
steel (U.S P 1675366, 1928, and 1951520. 1934). 
The ^neficial effect of working under reduced 
pressure (B.P. 269166, 1926, and 201557. 1025), 
or with formamide vapour diluted with ammonia 
(B.P. 2330SO, 1924), is also mentioned 

The laat technical problem presented by this , 
process is the supply of the heat quantities 
necessary to maintain the endothermic reaction 
at the mgh space velocities employed. Heat 
transfer is probably aided by the use of metaUio 
tubes filled with metallic catalyst as reaction' 
chambers (G P. 477437. 1926), and Can. P. 
285200, 1929, describes a reaction chamber 
havmg brass walls lieated to a temperature 
above 300®C , no portion of the formamide being 
more tban half an inch from the heated walls 
A further method of obtaining rapid heat 
supply IS to pass the vapour of formamide 
through a bath of fused metal heated to 300- 
eOO'C., OP. 601816, 1930, claims 70-85% 
yields of bydroc}amc acid by this method 
Finally, it is claimed in B P 292749, 1927, that 
an alumina catalyst may be deposited on a wire 
gauze whicn can be heated electrically during 
the passage through it of formaniide vapour. 

6. From Atnmontaand UydrocarboTU. — ^llydro 
cyanic aciJ is produced by a large vanely of 
gaseous reactions between ammonia and carbon 
compounds. Since the synthesis of HCN 
from its elctnenls la highly endolhemuc, these 
reactions arc generally favoured by high 
temperatures, and the reaction temperature 
required fur HCN formation rises in passing 
froni the moat unsaturated hydrocarbon, 
acetylene, through ethylene to the completely 
saturated methane. With the unsatnrated 
hydrocarbons, catalysts may usefully be 
employed to accelerate the cyaiusation at 
temperatures between 500" and 900"C , but with 
methane very high temperatures are required 
(above l,0Cl0"C.), and very short times of contact 
must be used in order to minimise loss by 
secondary decompositions. Equilibniun is never 
attained, and in general the use of catalysis is 


inadvisable, since under the severe conditioai 
they are more hkely to accelerate the unwanted 
aide reactions than the cyanide synthesis, T}ig 
following paragraphs give an account of tbs 
development of this method of eyanisur 
ammonia, and of the modifications of and un. 
provements in the simple reactions which hare 
been proposed in order to overcome tbe 
techok^ difficulties involved. 

(a) Acetylene and Ammonia, when passed 
over bauxite, hydrated feme oxide, or ft# 
chlorides of zinc, iron, etc, at temperatuiea 
between 300® and 450®C., give condensatwn 
products such as acetomtnie (O.P, 337962, 
1016), pyridine and its homologuea (Q 
382091, 1920), and the ethylamines (bK 
283163, 1927). When metaUio catUyats at 
higher temperatures are used, for eiampls, 
copper in the form of a wire net at dSO'C., 
hydroiyanlc ai id is the principal product if tbs 
acetylene is in large excess (Beindl, U6P. 
1444457, 1915). Bredig, ElOd and Demme (Z. 
Elektrochem. 1630, 36, 991) used a catalyit 
of pure alumina, and with equal volumes of 
acetylene and ammonia at 600°C. and contact 
tunes of 1-4 aeconds tliey found 28% ol Ibt 
ammonia converted into hydro^anio acid, 
60% unchanged, and 12% decomposed, lluck 
of the acetylene was decomposed into catboa or 
was polymerised. Using excess of ammnaia, 
tbe acetylene could be fairly completely coo 
verted into hydrocyanic acid According to 
Bredig, Elod and Demme, the reactioa u 
C,H,+2NH.-=2HCN+3Ht. The use of « 
alumina cat^yst for the formation of hydro- 
cyanic acid from ammonia and eitberacetylece 
or benzene is mentioned in G.P. 5550S6, 1927. 

(5) Ethylene and Ammoma also react to rive 
hydroeyanio acid, under conditions studied by 
Bredig, Elod and Demme (ie.). They found 
that precipitated alnmina mizM with quarti 
was the beat catalyst, which gave the foUovmg 
results at 800°C. with a gas tuxtuie consssting of 
equal volumee of ethylene and ammonia ; 


Contact time 
seconds. 

' % ammonia 

% of disappearing NH, 

imcbanged. 

as HCN I 

as N, 

65 

90 

78 6 ' 

215 

33 

184 

77 2 1 

22 8 

1-2 

35 9 

69 2 ' 

30-8 

0 67 

72 3 1 

67-0 1 

430 


Considerable quantities of methane and carbon 
were also formed. The eame catalyst was 
found effective by Elud end Nedelmana (Z. 
Elektrochem. 1927, 33. 217) for the reaction 
betrreea ethylene and nitric oxide at 800- 
950"C. Probably the nitric oxide is first reduced 
to ammonia, which then reacts with tbe 
decomposition products of the ethylene 
(C,H^=CH,-|-CHj: and CH,-+NH, 

—HCN-f 2Hj). Usmg a gas mixture con- 
taining 1 NO : 2C2H4 : 2H| at a temperature of 
950^ and a time of contact of 1-25 eeconux 
they obtained a 64 8% yield of hydrocyanic 
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acid based on the nitric oxide, 2-4% appearing 
as ammonia. A large part of the ethylene 
yielded methane, carbon and hydrogen. 

(c) Methane and Ammonia give very poor 
yields of hydrocyanic acid at temperatures up to 
1,100°C. in the presence of alumina as a catalyst : 
this catalyst accelerates instead the decom- 
position of the methane and ammonia, as is 
shown by the following resiilta (Bredig, Elod 
and Demme, Z. Elektroohem. 1930, 36, 991) 
with a mixture of equal volumes of the two gases : 


Contact 

time 

seconds. 

Temp. 

°C. 

O/^NHg 

decomposed. 

1%NH3 
as HCN 

decomposed. 

8-8 

800 

56-5 

trace 

0-0 

8-0 

900 

88-2 

1-8 

15-1 

7-4 ' 

1000 

98-5 

90 

47-6 

0-8 

1100 

100 

60 

85-6 


On the other hand, Bredig and Elod claim 
better results in G.P. 648798, 1927, when using 
ethane instead of methane on a mixed alumina- 
silica catalyst at 850°C., a 35% yield of hydro- 
cyanic acid being obtained. Probably acetylene 
is first formed. 

Poindexter (U.S.P. 1584137, 1926) describes 
the production of hydrocyanic acid from 
ammonia and methane-containing gas (e.g. 
natural gas) at reaction temperatures between 
950° and 1,450°C., depending on the materials 
of construction and the form of the apparatus. 
Preheating of the reactants is advisable in order 
that the contact time at reaction temperature 
may be kept as short as possible. 45-61% 
conversions of ammoma into hydrocyanic 
acid were obtained when 2 volumes of natural 
gas and 1 volume of ammonia were passed 
in 1 second or less through a glazed &eclay 
tube at 1,200°C. or higher. The loss of ammonia 
by decomposition was 27-39%. Various methods 
of supplying the necessaiy heat to support the 
reaction are described, such as the use of a 
chequer work stove preheated by combustion 
of fuel gas, or of a bed of coke which is blown ' 
red-hot by an air blast and then used as the 
reaction medium, or the addition to the gases of 
an insufficient quantity of oxygen for the com- 
bustion of their carbon, followed by explosion of j 
the mixture. Eurther details are given in U.S.P. 
1387170, 1920, and 1562914, 1922, according to 
the latter of which the product gas contains 11% 
HCN and considerable quantities of finely: 
divided carbon. 

The non-catalytie reaction between methane 
and ammonia is recommended by Wheeler and 
others (B.P. 335585, 335947, 1929), who find 
that the reaction 

CH4-t-NH3=HCN-f3H3 

proceeds at high velocities without the aid of 
solid surfaces if the temperature is of the 
order of 1,400°C., whereas the unwanted 
decompositions of methane and ammonia are 
catalysed by the walls of the chamber. They 
obtain good HCN efficiencies by choosing 
conditions which do not favour these decom- 
positions, recommending, for example, the use of 

VoL. III. — 32 


chambers with the smallest surface and the 
dilution of the gases with hydrogen and moisture 
(B.P. 353407, 1930). They also state that the 
decomposition of ammonia and methane is 
minimised by building the reaction chambers 
with refractories free from iron, and in such a 
way that the internal surfaces are smooth. 
In B.P. 349958, 1930, they describe a form of 
apparatus designed to facilitate the transfer of 
the heat required to maintain the reaction, 
consisting of reaction chambers of long, deep 
and narrow form placed between long and deep 
heating flues. 

One further process may be mentioned here 
(Ruhrehemie A.-G., G.P. 630767) in which 
mixtures of ammonia and methane are heated 
to high temperatures (1,400-1,500°C.) in vessels 
of non-porous alumina refractory at reduced 
pressure and very low times of contact. These 
reaction conditions have previously been found 
to be favourable for the production of acetylene 
from methane, and the patent claims that, in 
the presence of ammonia, they lead also to the 
production of outstanding yields of hydrocyanic 
acid. A gas mixture containing 2 volumes of 
methane and 1 of ammonia gave, with a contact 
time of 0-05 second at a temperature of 1,600°C. 
and a pressure of 45 mm., an exit gas containing 
12% HCN in amount corresponding to a 65% 
yield on ammonia and 32% on methane, with 
simultaneous production of acetylene. These 
results are in harmony with the view of H. 
Kuster (Brennstoff-Chem. 1931, 12, 329) that 
the first step in the synthesis of hydrocyanic acid 
from methane is the splitting up of CH^ mole- 
cules into C H : groups. 

The greatest technical difficulty in the 
methane-ammom'a process is the rapid supply 
of heat at very high temperatures through 
refractory walls to the reacting gases, and 
various methods of overcoming it have been 
suggested. Peters and Kiister (BrennstoflF-Chem. 
1931, 12, 122) heated the gases at 20-40 mm. 
pressure by means of an electric discharge, and 
obtained good yields. With a mixture of 
ammonia and methane in the volume ratio of 
1 : 7, for example, they report complete cyanisa- 
tion of the ammonia, the excess methane being 
largely converted into acetylene. Wheeler also 
describes the production of hydrocyanic acid by 
passing induction sparks through a mixture of 
methane and ammonia (B.P. 325860, 1928), the 
power consumption being 0’05 kwh. per g. of 
HCN, or 0-01 kwh. per g. of HCN when the 
gas mixture is preheated to 1,000°C. 

Another method of supplying internally a 
large part of the heat required is to add oxygen 
to the reacting gases, converting the endo- 
thermic synthesis 

CH4-fNH3=HCN-l-3H2-60kg.-cal., 

into the exothermic oxidation reaction 

NH3+U02-bCH, 

= HCN-f3H30-H14-9 kg.-cal. 

Such a process is described in B.P. 361004, 
1931, and 451609, 1935, the combustible mixture 
being passed at a high speed through a platinum 
or platinum-iridium gauze catalyst at 950- 
1,100°G., and U.S.P. 2000134, 1935, describes 
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the passage of the preheated mixture throi^h: 
finely divided wood charcoal at 1,1 00-1 ,600®C. 
L. AndrussoT (Angew. Chem. 1035, 4S, 593) 
diacussea the mechanism of the cataljtio oxida- 
tion at a platinum gauze, and postulates the 
intermediate production of “ nitroxyl *’ groups 
HNO by the oxidation of ammonia. In the 
presence of excess of oxygen (aa in technical 
ammonia oxidation for nitric acid), ** nitroxyl ” 
IS further oxidised to nitric oxide and water, 
but when methane is present the following 
reactions are said to occur : 

HNO+HjCKj^HNCHs-i-HjO 
HNCH,=HCN+H, 

If methane is used m large excess, most of the 
oxygen is used m producing carbon monoxide 
and hydrogen, and the yield of hydrocyanic acid 
falls The reactions by which “ nitroxyl " and 
then hydrocyanic acid are formed are stated to 
occur very rapidly at the surface of the catalyst 
At l.OOO’C , using a methane ammonia air 
mixture m the proportions required for the above 
oxidation equation, 58-63% of the ammonia 
was converted into hydrocyanic acid, &-12% 
into nitrogen, and 26-30% was undecomposed. 

I The reaction between nitric oxide and methane 
in the presence of alumina at high temperatures 
was mentioned by Elod and Nedelmann (Z. 
Eleilrochem 1927, 33, 217). and B E. 446277 
(Du Pont de Nemours and Co ) protects the 
use of one or more metals of the platinum 
group as catalysts for the reaction between 
hydrocarbons and nitnc oxide, the mixture 
being diluted with nitrogen, carbon dioxide, 
steam or oxygen 

7. From FUrogtn and Hydrocarbons — In 
1869 Bcrthelot (Compt read 1808, 67, 1141) 
discovered that acetylene and nitrogen combine 
under the influence of strong induction sparks 
to give hydrocyanic acid by the reaction 
fiSHCN, 

which is reversible. He had previously shown 
(Ann. chim. phys. 1863, [lu], 67, 52) that acety 
lene is formed in the electric arc between carbon 
electrodes in an atmosphere of hydrogen, and 
that hydrocarbons in general yield acetylene 
unSerVneinaneneo of induction spafiia Acety-' 
lene is, in fact, one of the equihbnum products in 
the gas Borrounding a carbon arc burning m 
hydrogen or hydrocarbon vapour, being present 
to the extent of 7-8% by volume, along with 
1‘25% methane, 0 75% ethane, and no other 
hydrocarbons (Bone and Jerdan, J.C.S 1901, 
79, 1042). Berthelot drew the general co 
elusion that hydrocyanic acid must be formed 
the carbon arc burning in mixtures of bydfogi_ 
and nitrogen, and when sparks are passed through 
mixtures of mtrogen and hydrocarbons A 
mixture of 10 vols of acetylene, 14-5 vob. of| 
mtrogen, and 75 5 vols of hydrogen is suitable 
for the synthesis of hydrocyanic acid, since 
mixtures richer in acetylene deposit carbon 
The cyanogen compound observed when the arc 
bnrns between carbon electrodes in an atmo- 
sphere of mtrogen is hydrocyanic acid, the 
hydrogen being derived from the electrodes or, 
from water vapour. ' 


Dewar (Proc. Eoy. Soc. 1879, 29, 188; 1880 
80, 85) confirmed these results, and also showed 
that hydrocyanic acid is formed when a mixture 
of hyiogen and nitrogen is passed through a 
carb^ tube heated externally by an electric 
arc. Hutton and Smith (B.P. 23835 of 1900 • 
I^ns. Amer. Electrochem. Soc. 1908, 13, 358) 
have shown that the temperature of the arc is 
not necessary, hydrocyanic acid being formed 
when a carbon rod is heated at 1,700°C. in 
a mixture of hydrogen and mtrogen H. v. 
Wartenberg (Z. anorg Chem. 1907, 52, 299) 
earned out quantitative. measurements of the 
eqniiibrinm and obtained the following results 
with a mixture of equal volumes of hydrogen and 
nitrogen : 

Temp.®C. 1635 1752 1875 

% HCN in gas 

at equihbnum 1 95 3 10 4 70 

Walhs (Annalcn, 1906, 345, 353) obtained a 
maximum HCN concentration of 35% with the 
same gas mixture in an arc having an estimated 
temperature of about 3,250°C. Prom acetylene 
mixed with twice its volume of nitrogen, 
Hoyermann (Chem.-Ztg. 1902, 26, 70) obtained a 
60-70% conversion into hydrocyanic aetd on 
passing the mixture into the arc through tubular 
carbon electrodes. 

Mixtures of acetylene and nitronn under 3 
atmospheres pressure were exploded in a closed 
bomb by Gamer and Matsuno (J.C.8. 1921, 119, 
1903), and the cooled gases contained I'S7% 
HCN with an uutud mixture containuig 
3% N{. and 3 24% HCN with a mixture con 
tainmg 22% N, The effect of increasing the 
temperature of the explosion by adding oxygen 
to the mixture was investigated by Gamer and 
Saunders (J.CS. 1924, 1^, 1634) The teia 
peratures attained in the explosion varied from 
2,950*0. to 4,287*0 . but the quantity of hydro- 
cyanic acid formed in the products corresponded 
with an equihbnum frozen at some lower 
temperature. Writing the reaction as 
H,+2C+N,=2HCN-65 4kg.-cal3.. 
and using the relation 
log kp^ 

Vo 4 . 

where fp=»lHCN]*/[Hj][Nj], for the variation 
of the equilibnum with temperature, it was 
calculated that the temperatures at which 
equilibrium was frozen lay between 1,940* and 

2,282*a 

A considerable amount of work has been done 
on tho synthesis of hydrocyanic acid froni 
nitrogen and methane (or its equivalent) 
Gruazkiewics (Z. Elektrochem. 1903, 9, 83j 
found that carbon monoxide, hydrogen and 
mtrogen. mixed m the volume ratio of 2 : 1 : h 
gave small amounts of hydrotyamc and when 
«xpr»ed to induction sparks between platmum 
points. Lipinski (Z. Elektrochem. 1911, 17j 
761) passed mixtures of methane, nitrogen, and 
hy^ogen through a 2,200 volt alternating 
current arc between platmum electrodes _ ho 
carbon was deposited from a mixture containing 
20%CH«, 10% H„ and 70% N,. and under the 
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best conditions tho HCN yield was 1'76 g. per 
kwh. According to H. Philipp (Chem. and Met. 
Eng. 1920, 22, 313), Lipinski’s process was tried 
on a commerpial seale in 1914 at Neuhausen, 
and a yield of 30 g. HCN per kwh. attained. 
Briner and Baerfuss (Heir. Chim. Acta, 1919, 2, 
663) report a yield of 7-39 g. HCN per kwh. 
on eiroulating a mixture of 5 parts of nitrogen 
and 1 of methane through an arc at 605 volts 
between platinum electrodes 5 mm. apart. 

A commercial process for the are synthesis of 
hydrocyanic acid from methane and nitrogen 
has been developed by Soo. Chem. Ind. in Basle 
and H. Andriessens (B.P. 296355, 1927). 
Methane or petroleum vapour and nitrogen are 
circulated through an arc flame, producing a 
mixture of hydrocyanic acid and acetylene. 
The hydrocyanic acid is dissolved in caustic 
soda and worked up for sodium cyanide, and a 
large part of the acetylene is removed by 
solution in water under pressure before returning 
the gases to the arc (B.P. 195239). Kuster 
(Brennstoif-Chem. 1931, 12, 329) carried out arc 
experiments under reduced pressure, and at the 
highest energy input was able to convert 80-5% 
of the methane into h 3 'drocyanic aeid and 13-9% 
into acetylene, starting with a mixture con- 
taining 86-5% Nj and 13% CH^. With less 
nitrogen in the starting gas, the HCN/C.Hj 
ratio in tho product fell. It is suggested that 
the methane is first decomposed into hydrogen 
and CH; groups, which react with activated 
nitrogen. A largo excess of nitrogen and a high 
energy input are necessary to make the con- 
centration of active nitrogen suflScient to react 
with all the CH • groups produced. 

I.G. Earbenind. A.-G. (B.P. 294494, 1927) has 
devised various modifications of arcs of the 
Schonherr type to make them applicable to 
mixtures of hydrogen, nitrogen and hydro- 
carbons, obtaining a lengthening of tho arc by 
interposing between the central electrode and 
the earthed tubular counter-electrode a mantle 
of insulating material which surrounds tho arc 
and lengthens its path. From mixtures con- 
taining 7-30% CH.,, yields of 50-65 litres of 
acetylene and 15-18 g. HCN per kwh. are 
obtainable. 

Properties of Hydrocyanic Acid. — Hydro- 
cyanic acid does not occur in the free state in 
nature, but its compounds are widely distributed 
in plants. These compounds are glycosides 
which decompose, under the hydrolytic action of 
enzymes in the living cells, into hydrocyanic 
acid, a ketone or an aldehyde (e.g. acetone, 
benzaldehyde, etc.) and a sugar. For instance, 
the glucosido amygdalin, which is contained in 
bitter almonds, hydrolyses under the influence 
of the enzyme emulsin to give hydrocyanic acid, 
benzaldehyde and d-glucose ; the hydrolysis is 
also effected by boiling with dilute acids. In rare 
cases a glycoside is found without an accompany- 
ing enzyme, ns in the leaves of tho common 
elder {Sambuciis nigra) which contain the gluco- 
side sambunigrin, isomorie with amygdalin 
(u. Cyanophoric glycosides). The quantity of 
hydrocyanic acid present varies in different parts 
of tho same plant, and depends on the age of the 
plant, usuallj' being greatest in young plants. It 
is also dependent on the oonditions of growth as 


aflected by climate and rainfall, and has been 
found to be increased by the use of nitrogenous 
fertilisers. The quantity present rarely exceeds 
0-2% of the weight of the plant, and typical 
figures are given below : 

Great millet (Sorghum vulgare), 0'013-0'044% 
in young plants ; an exceptional North American 
specimen yielding 0-114%. 

Wild cherry (Prunus seroiina), 0-09%. 

Cherry laurel (Prunus Laurocerasus), up to 
0-2% in young leaves. 

Cassava, sweet (Manihot palmata), 0-016% in 
leaves, 0-043% in peel of stem, 0-005% in edible 
pairt of root. 

Cassava, bitter (M. ulilissimd), 0-041% in 
leaves, 0-113% in peel of stem, 0-053% in edible 
part of root. 

Bangoon beans (Phaseolus lunatus), 0-025%. 

Linseed (Linum usilatissimum), 0-02-0-038%. 

Nandina domtslica, 0-07-0-147%. 

Bitter almonds (Prunus communis, var. 
amara), 0-12-0-18%. 

Cases of cattle poisoning are not infrequent in 
hot countries where sorghum is used as fodder, 
and linseed meal and white clover are also 
sometimes poisonous. By thorough boiling with 
water the enzymes are destroyed and the cyano- 
genctio glucosides rendered harmless. 

Minute traces of hydrocyanic acid hav-e been 
observed in the products of incomplete combus- 
tion, such as the luminous flame of the Bunsen 
burner, boiler flue gases and tobacco smoke. 
Hydrooj-anic acid is also always present in the 
products of the high-temperature dry distilla- 
tion of nitrogenous organic substances, and in 
this case is probably chiefly formed by the 
action of ammonia on carbon : 

NH3-fC = HCN-f Hj 

This reaction was used by Clouet (Ann. Chim. 
1791, 11, 30) in the first synthesis of hydrocyanic 
acid, and has been studied quantitatively by 
Bergmann (J. fiir Gasbeleuchtung, 1896, 39, 
117), Lance (Compt. rend. 1897, 124, 819), 
Voerkelius (Dissertation, Hannover, 1909), 
Carpenter and Linder (Alkali Works, 45th 
Report, 1908, 26; 46th Report, 1909, 21), and 
Kuster (Brennstoff-Chem. 1931, 12, 329). Tho 
formation of hydrocyanic acid begins at 700°C„ 
and the best yields (calculated on ammonia) are 
obtained between 1,000“ and 1,100°C. Tho 
reaction is reversible, but equilibrium con- 
ditions are never reached owing to the simul- 
taneous decompositions of ammonia and 
hydrocyanic acid at the temperatures in 
question. The composition of the product in any 
I given experiment depends, therefore, on the 
relative rates of the main carbon-ammonia 
reaction and of tho two decomposition re- 
actions under the experimental conditions. 
Porcelain and iron, for example, favour HCN- 
dccomposition, but little decomposition occurs 
with charcoal or when a layer of carhon has been 
deposited on the reaction tube. The rate of 
decomposition of the ammonia varies with tho 
type of charcoal, being greater with more finely 
divided and -with fresh samples of wood charcoal. 
Voerkelius found that the NHj/HCN ratio 
in the product was not greatly influenced by the 
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reaction time, but that ammonia decomposition | 
increases with thereaetion tune. Kuster’s experi-. I 
ments imitated the conditions occurring ui a I 
coke OTen, a mixture of nitrogen and hjdrogen 
in the rolume ratio of 1 : 3, and containing 0 2% ^ 
of ammonia, being passed over coke. Thai 
results were : I 

Temp’C. . too 700 BOO 900 1000 1100 1 

% NH, giving 

HCN . . 3 7 52 Bi 12 8 251 400 

%NH, decom- 
posed . . 80 — 85 42 8 833 636: 

Nemst’s heat theorem has been applied to this | 
reaction by von Wartenberg (Z. ano^, Chem. 
1007, 62, 299) with the following results: 
Temp.®C. . . 600 800 1100 1400 

[7’NH,/{Ph,X^hCnU®32 0 27 0 003 0 0002; 

The equilibrium quantity of hydroeyamc add 
increases markedly with rise of temperature, 
the heat of the endothermic reaction being ' 
—39,600 cal. per mol. of HCN. These figures I 
in^cate that eqmhbrium was never even | 
approximately attained in Voerkdiua’ espen- 
ments, and the formation of appreciable quan- 
tities of hydroeyamc acid at 600“C. ui Kflster’s 
expenments euggeste that reactions between : 
ammonia and hydrocarbons may contribute. | 

Hydroeyamc acid was formerly prepared by 
distUluig potassium ferrocyanide with dilute 
sulphuric acid (see under Technical fifetbods of 
Preparation, p. 492], but u nowadays more 
conveniently prepared from sodium CTanide | 
solution and relatively concentrated sulphunc 
acid, a method first described by Wade and 
Pantug (J.C.S. 1898. 73, 265). A 30-35% . 
solution of sodium cyamdo is mo into hot 75% I 
sulphuric acid, using 1} mols. of sulphuric acid I 
to 2 tnols. of eyamde The cyanide Solution 
should be allowM to enter the acid just below 
its surface, m order to avoid contact of thei 
alkalue cyanide solution with hydrocyanic I 
acid vapour, which encourages polymerisation I 
of the HCN. The vapour may be dried by 
means of calcium chloride at 3(}'’C, and then 
condensed in an ice cooled vessel. It may be 
purified from traces of water and amoioiiia by 
distillation over phosphorus pentovide (Nef, 
Annalen, 1895, 287, 265) Details of a similar 
lahoca-tory procedure, adding a amaii amount of 
ferrous sulphate to the reaction nuxiure, are 
given by Slotta (Ber. 1934, 67, [B], 1028) 

The above process is frequently used for the 
manufacture of hydrocyanic acid (Felton and 
Schwarz, Chem. and Met. Eng. 1919, 20, 165; 
Carlisle, Ind. Eng Chem. 1933, 25, 959). The 
cyanide sulphuric acid reaction mixture is 
distilled to give an aqueous distillate of 80% 
strength, which is acidified to inhibit de- 
composition, and rectified by redistiUation. 
B.P. 401351, 1P3I, proposes the use of Bnlphnr 
cioxide as a gaseous stabiliser to prevent 
uecomposition tbroughout the reaction and 
distillation systems; it may conveniently be 
generated by addmg sodium sulphite to the 
cyanide before the reaction with the acid. 

Other methods of preparing hydroeyamc 
acid, ^rhich ate of academic interest only, ate 
(a) the dehydration of formaldoximeCHj'NOH, 
an isomer of formamide obtamed by the inter 


action of formaldehyde and hydroxylamine, oq 
heating the two compounds alone or with 
phoepborus pentoxide (Dunstan and BossL 
J.C.S. 1898, 73, 353), and (6) the combiaati^ 
of hydrogen and cyanogen by heating the 
mixture to 600-550*0. (Berthelot, Aim. chim. 
phys, 1879, [5], 18. 380). 

Hydroeyamc acid is a colourless liquid having 

charectenstic smeQ, or more correctly taste, 
which produces a choking sensation in ths 
larynx. It is one of the most poisonous sub- 
stances known; the fatal dose for a human 
bemg is approximately 1 mg. per kg. of body 
weight, or 0 06-0 07 g. for a full grown mam 
It may be mtroduced into the body by inhalation 
of the vapour or by absorption of the hquid 
through the skin, and its lethal action is veiy 
rapid, large doses causing almost instantaneous 
death. On the other hand, air contauiing 
minute concentrations of the vapour, but in 
which itrsmell is distinctly perceptible, may be 
breathed constantly without ill effects. Expen 
ments with cats, for instance, showed that con 
centrations of 0 003-0 064% could be tolerated, 
but that 0 005% produced symptoms of poison- 
ing. It appears that the metabolism is able to 
convert hydrocyamo acid mto relatively non 
toxio thiocyanate at a hmited rate, and if the 
rata of supply of hydrocyanic acid is lower than 
thu rate, no lethal effect is produced Thio- 
cyanate has been detected in the urine of dogs 
which had been treated with regular small doses 
of potassium cyanide. 

The first symptoms of poisoning are giddiness 
and darkemng of the visual field; these syisp 
toms disappear after a few minutes' exposure 
to fresh air. They are followed by tmoonsoious- 
ness accompanied by muscular cramps and more 
or less complete cessation of respiration So 
long ae the heart is etiU acting, however, 
atlmcia! respiration and the use of ozygen 
(or a mixture of oxygen and carbon dioxide) 
may be successful at this stage m inducing 
recovery. Heart stunulants such as smyl 
nitrite (applied by inhalation of the vapour), 
lobelme, and coramine (applied by intravenous 
injection) may be appbed by a doctor in 
desperate cases. Other antidotes which have 
recently been the subject of research are various 


sulphur, thiosulphate, and tetrathionate, sodium 
mtnte and mixtures of nitnte with thiosulphste, 
methylene blue, and oxidising agents such 
as hydrogen peroxide and permanganate 
When a eyamde has been ewaUowed, hydrocyanic 
acid 13 liberated in the stomach by the acids 
in the gastric j uices, and in this cose the su^lcst 
and most effective antidote is prepared by 
mixing solutions of ferrous sulphate and 
sodium carbonate. It is important that tb* 
sodium carbonate should be m excess so that 
the mixture is alkaline ; the detoxifying action 
of this antidote la due to the conversion of the 
hydrocyanic acid into ferrocyanide, wbich w 
relatively non toxic. A eummansed description 
of the mode of action and relative efficiency of 
various antidotes for hydrocyanic acid poisoninS 
fa given by Wirth, Arch. exp. Path. Pharffl. 
1935, 179, 658. , .. 

The poisonous action of hydrocyanic acid 
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appears to consist partly of a direct paralysing 
effect on the respiratory nerve centres and 
partly of an inhibitory action on that enzyme 
of the red-blood corpuscles which brings about 
the transference of oxygen from oxyhsemoglobin 
to the oxidisable substances in the body : the 
venous blood therefore becomes arterial, and 
death is due partly to a kind of internal suffoca- 
tion. The suggestion that the poisonous action 
of hydrocyanic acid might be due to its inhibi- 
tory action on the oxidising power of the blood 
was first made by Schonbein (J. pr. Chem. 1868, 
[i], 105, 202), who showed that the acid inhibits 
the catalytic decomposition of hydrogen per- 
oxide by plant ferments, and also by the red- 
blood corpuscles. Later Bredig and von 
Berneck (Z. physikal. Chem. 1899, 31, 329) 
showed that it has the same effect on the 
inorganic catalyst, colloidal platinum. The 
ferments recover their activity when the 
hydrocyanic acid is removed. This property 
has been applied in the preservation of fruit. 

The physical properties of liquid hydrocyanic 
acid are tabulated below : 

Density (Predenhagen and Dahmlos, Z. anorg. 
Chem. 1929, 179, 77) : 

Temp. °C. -13 0 4 15 20 

Density 0-7326 0-7150 0-7096 0-6950 0-6884 

Freezing-point (Tammann, Atm. Physik. 1899, 
68, 576) : 

Pressure (atm.) 1 500 4,000 

Freezing-point (°C.) -13-4 —2-88 -1-50-1 

Vapour Pressure (Bredig and Teichmann, 
Z. Elektroohem. 1925, 31, 449) : 

Temp. (°C.) . . -15-2 -10 0 10-8 

Vap. press, (mm.) . 110 165 256 427 

Temp. (®C.) . . 14-8 18-0 25-6 29-8 

Vap. press, (mm.) . 504 567 760 888 

Temp. (°C.) . . 39-4 64-8 78-5 100 

Vap. press, (atm.) . 1-63 3-71 5-35 9 

Thermal Data. — Heat of formation of liquid 
from its elements (amorphous carbon) -21-8 
cal. per mol. (Thomsen ) ; (diamond) -24-8 
cal. per mol. (Berthelot). Latent heat of 
vaporisation at 25'’C., 246-8 cals, per g. (Perry 
and Porter, J. Amer. Chem. Soc. 1926, 48, 
299). 

Heat of solution of liquid acid in water: 
according to Busay and Buignet, when 1 g.-mol. 
of liquid HC N is mixed with IJ g.-mols. of water, 
a fall of temperature of 9-75°C. occurs. 

Aqueous Solutions. — The specific gravities of 
aqueous solutions have been measured by 
Walker and Mairvin (Ind. Eng. Chem. 1926, 18, 
139), whose results are given in an abbreviated 
form below : 
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97-2 

95-1 

93-0 

91-0 

89-1 

0-730 
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90-0 
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These data are often used to estimate the 
percentage of water in the commercial acid. 


The eutectic point, ice-fsolid HCN-fliquid 
phase containing 74-5 molar percentage of 
HCN, is -23-4°C. 

The dielectric constant of liquid hydrocyanic 
acid is 95, the largest known with the exception 
of that of hydrogen peroxide (Schlundt). The 
acid is miscible in all proportions with water, 
alcohol, ether, and many other substances, but 
it is almost insoluble in light petroleum. It is 
itself an excellent solvent for many solid 
substances; among inorganic salts the iodides 
are usually readily soluble. The solutions are 
good conductors of electricity, the conductivity 
of solutions of potassium iodide being about 
3J times greater than that of the corresponding 
aqueous solutions. 

Hydrocyanic acid is one of the weakest acids, 
its dissociation constant in aqueous solution at 
18°C. being 1-3X 10“®, or 44 times smaller than 
that of sulphuretted hydrogen and 230 times 
smaller than that of carbonic acid (Walker and 
Cormack, J.C.S. 1900, 77, 16). In a 0-IN 
solution, only 0-011% of the acid is ionically 
dissociated, so that it does not behave as an 
acid towards indicators, and its salts are very 
largely hydrolysed in aqueous solution. The 
hydrolysis of alkali cyanides has been studied 
by Harman and Worley (Trans. Earaday Soc. 
1925, 20, 502), who measured the dissociation 
constant I:=[KOH][HCN]/[KCN] of the 
reaction KCN-l-HjO ^ KOH-fHCN at 
various temperatures with the following results .- 

Temp.‘’C. .5 18 25 36 

fcxlO* . 0-179 0-229 0-254 0-304 

The same figmes apply to sodium cyanide. In 
the concentration of an aqueous cyanide 
solution free hydrocyanic acid produced by 
hydrolysis escapes until a sufficient excess of the 
base has accumulated to stop the hydrolysis ; 
with stronger bases, such as caustic soda, the 
loss of hydrocyanic acid is sh'ght, but with 
weaker bases it is considerable. In the case of 
volatile bases {e.g. ammonia) and insoluble 
bases (e.g. calcium hydroxide), the continued 
removal of the base from the solution (by 
volatilisation or precipitation) prevents the 
attainment of equilibrium, and nearly the whole 
of the hydrocyanic acid escapes. The carbon 
dioxide of the atmosphere will displace hydro- 
cyanic acid from aqueous cyanide solutions, so 
that such solutions in confined spaces may 
develop dangerous HCN concentrations in the 
surrounding air. 

Pure hyctooyamc acid, which has been dried 
over calcium chloride or distilled over phosphorus 
pentoxide, can be kept unchanged for long 
periods at the ordinary temperature. Instability 
is induced by heating the liquid to 100°C., 
or at the ordinary temperature by the presence 
of a small amount of water or of alkaline 
impurities such as ammonia or sodium cyanide, 
and the liquid gradually darkens in colour 
through yellow and brown, being finally con- 
verted into a non-volatile black solid of about 
the same empirical composition as HCN (Walker 
and Eldred, Ind. Eng. Chem. 1925, 17, 1074). 
This black polymer is itself a catalyst for the 
polymerisation. The decomposition occasionally 
proceeds with explosive violence orving to the 
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rapid rise of temperature which accompantea the ' 
reaction, and Solomone (Gazzetta, 1912. 42. (i), 
61*7) isolated from the products of an explosion 
colourless crystals of a substance haring the 
composition of cyanic acid, the molecular wright 
of which in benzene solution corresponded to 
{HCNO)s. From the solid bUch HCN 
polymer mentioned above, a termolecnlar 
polymer can be separated hy extraction with 
ether (Nef), w hich is believed to be the nitrile of 
amlnomalonic acid, NHg'CHICN)}, sinoe it 
gives carbon dioxide, ammonia, and ammo* 
acetic acid on heatmg with baryta water. 
From the same matenal, Bedel (Compt. rend. 
1923, 176, 168} obtained a tetramer which he 
believes to be the hydrocyanide of ammo- 
methane dimtrile. The aqueous and also 
becomes brown in the presence of alkali cyanides 
and deposits a dark brown amorphous substance, 
azulmin or aznlmic acid, containing carbon, 
oxygen, nitrogen, and hydrogen in variable 
proportions. \VhencTer water is present, carbon 
monoxide and ammoma are found among the 
decomposition products The discoloration of 
solid alkah cyanide on exposure to air is due 
\to the hydrocyanic acid liberated at its surface 
Undergoing the change to aziilmic aad 
/ The commercial acid, which generally contains 
about 2% of water, ia atabiLaed to inhibit 
decomposition by the addition of smalt quantities 
of strong acids, such as sulpbuno acid or 
pbosphorio acid, or better, ozatio acid, which u 
Jess corrosive to iron containers (Q P. 352979, 
1919). Organic compounds which aro readily 
hydrolysed to acid products are also euitable, 
eg. cyanogen chloride (BP 258324, 1925), 
chlorofomue esters (B P. 254747, 1925). 

The only useful application of hydrocyanic 
acid is in pest control, where its poisonous 
action IS used against insects on growing plants 
and in various stored products, and against 
rodents and other peats in the fumigation of ships 
and nulls, warehouses and other baildings, and 
in quarantine operations This application was 
first developed by the Agncultural Experiment 
Station of the Umveraity of California for the 
fumigation of citrus trees (D W. Coquillet and 

H. I>. Bishop, California Station Bull. 122). 
The aad vapour is applied by erecting a tent 
over the tree and generating the acid inside it. 
The dosage applied must be high enough to hill 
the scale insects within about half an hour, but 
not high enongb to cause damage to the fobage. 
Allowance must also be made for loss of fumigant 
by difiusion of the vapour tbrongh the tent 
during the period of exposure. Fnhage is leas 
bable to injury at night than in sunlight, and 
fumigation should not be earned out m damp 
conditions. The safe concentration of hydro* 
C5 anic acid depends on the kind of tree and <m 
tKe time of the year. The miniiunm lethal dose 
varies widely for different species of pests, 
green aphis requiring only 2 g. of HCN per 

I, 000 on. ft of air space, and red spider up to 
30 g per 1,000 cu. ft. in greenhouse fumigation. 
The nse of hydrocyanic acid in the fnmigation 
of ships, warehou^ and mill:) is now weD 
established in many parts of the world, and is 
also extending to the treatment of stored 
products. In slum clearance, schemes m 


England, hydrocyanic acid is being nspil for the 
eradication of vermin. 

In early fumigation practice the hydrocyanic 
acid was generated in etlu by the addition of 
solid sodium cyamde to a mixture of aulphunc 
a<^ and water, but since 1917 liquid hydro- 
cyanic acid of about 98% strength has been 
marketed in tinned iron drums or steel cyhndetj 
(see Felton and Schwarz, Chem. and Jlet. Ene. 
1919, 20, 165; Carlisle, Ind. Eng Chem 1933 
25. 959: U.SP. 1352665, 1355384, 144430o’ 
1S69171, 1680662). For convenience in apphea' 
tion the acid may bo absorbed in granules of 
kieselguhr previously freed from alkaline 
impurities (BP. 271236, 1926), or in discs of 
wood pulp. As already mentioned under 
Calaum C^amde, p. 492, powdered calcinm 
cyanide may also be nsed in a moist atmosphere 
for the generation of hydrocyanic acid. 

Hydrocyanic acid readily forms addition 
products; for instance, with hydrochloric acid 
in ethyl acetate solution it gives the compound 
2HCN-3HCI, which has been shown to be 
dichlorometbylformamidine hydrochloride, 

HN CH NH CHCIj.HCJ. 

This compound decomposes at 100°C. into 
hydiocbiorio acid and a volatile substance 
2HCN-HCJ, which is chlorometbylena forma- 
midinc. HN CH-N.CHCJ. The Utter coo- 
'Mufld IS also formed when dicbloromothyl. 
formamidiDs hydrochloride u treated with 
I excess of liquid hydroeyamo acid at 40*0. 
IVbeD warmea with quinolme, chloromethylene 
formamidine gives a quantitative yieja of 
imiDofonay] taocyaiude HN CH NC, a dimet 
of hydrocyanic acid (Hinkel and Dunn, J.C.S 
1930, 1834), which is a white solid melting st 
85*C. HinkeJ, Ayling and Beynon (liaf 
1935, 674) have investigated the hydrolysis of 
this compound with cold water to give 
ammonium formate, and its fomation of 
msolubie complex compounds with ailrcr 
nitrate, mercurto chloride and aluminium 
chloride. Hydrocyanic acid itself forms a 
compound with aluminium chloride, having the 
composition AICIs'2HCN (Hinkel and Dtiiui. 
ibwf. 1931, 3343), which is stated to be 
identical with the aluminium chJonde com- 
pound of the dimer. The compound is unstable 
in mwsi air, and slowly evolves hydrocyanic 
acid in tocuo or on heating to 100°G. 

Hydrocyanic acid is often used for the 
^mthesa of a hydroxy acids from aldehydes 
and ketones, with which it combines under the 
influence of alkaline catalysts to give cyan- 
hydnns, which are the nifnles of ohydroiy- 
acids, e g. : 

CH,CHO+HCN -> CH5-CH(OH)(CN) 
Acetaldehyde Acetaldehjdecjanhydrin 

-> CH5-CH(OH)COOH 
Ijcticaeid 

It IS also used for the synthesis of aromatic 
aldehydes by Gattermann’s reaction. 

COSSTITUTIOJ? OF IlyOEOCVAKTC _ ACIO — 
The constitution of hydrocyanic acid is a very 
complex question, and cannot be said to bsv* 
been definitely settled. The behaviour of its 
metallic salts would lead to contradictory 
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conclusions : potassium cyanide reacts -ndth 
esters to give nitriles R-C-N as principal 
product, whereas silver cyanide yields carbyl- 
amines or isocyanides R-N:C. The force of 
this evidence is in any case considerably reduced 
by the fact that in neither case is the one 
product exclusively formed. Other properties 
point to a difference in structure between the 
alkali cyanides and those of the heavy metals ; 
for instance, silver and mercuric cyanides cannot 
be oxidised by permanganate, whereas potassium 
cyanide gives cyanate. On the other hand, it 
should be remembered that the heavy metal 
cyanides are scarcely ionised at all and their 
reactions are therefore those of the undissociated 
molecules ; the alkali cyanides, on the other 
hand, are very largely ionised, and their reactions 
are those of the ions. For this reason it may be 
concluded that all metallic cyanides have the 
same constitution, and the generally accepted 
one is the tsonitrile configuration M-N:C. 
This agrees with their ready formation of stable 
addition compounds, in which they resemble the 
tsonitriles and differ from the nitriles. 

Hydrocyanic acid itself may be tautomeric, 
H-N:C ^ H-C;N, but the weight of evidence 
in this case supports the nitrile formula as being 
at any rate greatly predominating. Like the 
nitriles, hydrocyanic acid is hardly affected by 
dilute mineral acids, from which it may be 
distilled unchanged; the carbylamines or iso- 
nitriles, on the other hand, are violently 
decomposed. With alkalis, hy^ocyanic acid is 
readily hydrolysed or decomposed, but even 
boiling alkalis are without action on isocyanides 
Its high dielectric constant and marked solvent 
and dissociating powers relate it to the nitriles 
rather than to the carbylamines (Wade, J.C.S. 
1902, 81, 1613). Wade is also of the opinion 
that its physiological properties lend support to 
its configuration as a nitrile, but Nef draws the 
opposite conclusion. Anh ydrous hydrocyanic 
acid and the nitriles do not dissolve silver 
cyanide, whereas the tsocyanides dissolve it 
readily. 

VI. CYANOGEN AND ITS DEEIVA- 
TIVES. 

Cyanogen, (CNlj, is prepared by heating dry 
mercuric cyanide at a dull red heat, the reaction 
by which Gay-Lussac discovered it in 1815 : 

Hg{CN)2=Hg+(CN)2 

It may also bo prepared by the interaction of 
sodium cyanide and copper sulphate, when 
the first product is a complex cupricyanide, 
NaCu(CN) 3 , ■"■tich decomposes on heating to 
give cuprous cyanide, Cu 2 (CN) 2 , and cyanogen. 
A further yield of cyanogen may be obtained by 
treating the cuprous cyanide precipitate with 
ferric chloride solution of sp.gr. 1-26 : 

Cu2(CN),-(-2FeCl3 

= {CN)2+Cu2Cl2-l-2FeCl2 

By all these methods a part of the cyanogen is 
always polymerised to dark broivn, non-volatile 
paracyanogen. Paracynnogen appears to be 
the stable form at ordinary temperatures, but at 


high temperatures is converted into cyanogen. 
The velocity of the change is very small at 
temperatures below 300°C., so that cyanogen 
gas can be kept without change in the cold. 
The polymerisation of cyanogen, and the cata- 
lytic effect of glass, quartz, potassium cyanide, 
and sodamide have been studied by Perret and 
Krawezynski (Bull. Soc. chim. 1932, [iv] 51, 622). 

The direct synthesis of cyanogen from its 
elements is not of practical importance but has 
theoretical interest in relation to several 
technical cyanide syntheses. Cyanogen is 
formed when the electric arc bums between 
pure carbon electrodes in an atmosphere of 
nitrogen, though it cannot be detected in the 
gaseous product withdrawn from the arc 
(Wallis, Annalen, 1906, 345, 353). Nemst’s 
heat theorem would indicate that considerable 
quantities of cyanogen exist in equilibrium with 
carbon and nitrogen at the temperature of the 
arc ; 

Temp. (°C.) . 2,000 2,500 3,000 3,250 

%(CN) 2 ingas at 

equilibrium . O'Ol 0-9 17‘0 45’0 

and von Wartenberg (Z. anorg. Chem. 1907, 52> 
299) observed a very intense cyanogen spectmm 
in the arc gases, and found that carbon is 
deposited at some distance from the arc. 
Cyanogen is therefore essentially unstable at 
temperatures below 2,500°C., and can only be 
preserved at much lower temperatures on 
account of its slow rate of decomposition. It 
can be detonated by means of mercury fulmin- 
ate, and on heating its rate of decomposition 
becomes measurable at 1,200°C. (Berthelot, 
“ Force des Matiferes Explosives," Paris, 1883, 
p. 113). It may be concluded from these figures 
that the direct union of carbon and nitrogen to 
cyanogen can play no part in the formation of 
cyanides by processes operated at ordinary fur- 
nace temperatures. On the other hand, it should 
be mentioned that cyanogen is said to be 
produced when nitrogen is passed over iron 
covered with coke at 1,500-1,800°C., and 
Belg. P. 378694, 1931, protects such a process, 
in which nitrogen at 50 atmospheres is heated in 
the presence of reduced iron with compressed 
carbon monoxide. Presumably there is inter- 
mediate formation of iron carbide and iron 
nitride. 

Cyanogen is a very poisonous gas which bums 
with a characteristic peach-blossom-coloured 
; flame. The liquid has a density of 0'89 at 
13-8'’C., boils at — 20-7°C. at 1 atmosphere, and 
freezes at — 34-4°C. Its vapour pressure at 
-22-9'’ is 701-6 mm., and at —14-4° is 1030-4 mm. 
(Cook and Robinson, J.C.S. 1935, 1001). The 
critical temperature and pressure are 128-3°C. 
and 59-6 atmospheres respectively (Cardoso 
and Baume, Compt. rend. 1910, 151, 141). 
Water dissolves 4-95 volumes of the gas at 
0°C. At 18°C. and higher the dissolved cyano- 
gen is hydrolysed to hydrocyanic acid and 
cyanic acid, the latter being further hydrolysed to 
give carbon dioxide and ammonia (Naumann, 
Z. Elektrochem. 1910, 16, 772). After some 
time the solution deposits dark brown azulmic 
acid, and contains also oxalic acid and urea. 
Cy’anogen dissolves in caustic alkalis to g-'ve 
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cyanide and cyaoate by a reaction analc^ons' 
to those of the halogena : 

(CN)i+2NaOH-NaCN+NaCNO+HsO 
Silver nitrate eolation has no action on cyanogen 
which may be separated from a mixture with 
hydrocyanic acid by passing through silver 
nitrate eolution to remove the HCN, and nmy 
be estimated by treatment with caustic soda 
and titrating the cyanide formed (Wallin 
Annalen, 1906, 345, 353). 

Cyanogen is held to have the nitrile stmcture 
N;C — C|N, and not the tsonitnle simctnre 
C:N — N.*C or a mixed structure M-C — N.C, 
because of its formation by the dehydration of 
ammooinm oxalate or oxamide with phosphorus 
pentoxide : 

OCNH, C=N 

I * I +2H,0 

OCNH, C=N 

which shows that the two carbons are linked 
together. 

Cyanogen chloride, CNCI, is prepared by 
the action of chlorine on various metallic 
cyanides. Heavy metal cyanides, such as 
mercuno (SeruUaa, 1627) and zmc (Held, 1897) 
may be used, but the use of aqueous hydco- 
eyanic acid, discovered by BerthoUet m 1787, 
is now a preferred method. Alkali cyanides are 
not amtable because they react violently with 
cyanogen chlonde in any but cold and very 
dilute solutions, giving dark brown amorphous 
prodacts. 17.8.?. 1938324, 1033, however, 
describes the production of cyanogen chloride 
from chlorine and eodiam cyanide m a mixture 
of carbon tetrachloride and glacial acetic acid in 
the absence of water. For the preparation from 
aqueous hydrocyanic acid (Price and Green, 
J.S.C.I. 1920. 89. 98T). a 12-16% solution of 
pure hydrocyanic acid is treated with a stream 
of finely divided chlorme bubbles, obtained by 
injecting the gas through a porous earthenware 
plate at about 40'’C. The cyanogen chloride 
distils off sa it is formed together with 10-20% 
of hydrocyamc acid. It is purified by retreat' 
ment with chlorine, or by shaking with zine oxide 
to remove the hydrocyanic acid almost com* 
pletely as nine cyanide. Uydrochlonc add in 
♦Aa- ift wizA.'wd. Vnymfi 

over sodium bicarbonate. A technical process 
for the preparation from aqueous hydrocyamc 
add and chlorme under pressure is described id 
B.P. 347989, 1929. 

Qyanogea chloride is a colourless liquid of 
density 1-193 at H^C. (Ckiok and Bobinson, 
J.C.S. 1036, 1001), which sohdifies at — 8°C. 
Its vapour pressure at various temperatures was 
measured by Begnault : 

Tcmp.(*C.). .-30 - 20 —JO 0 

Vap. press, (mm.) . 68 3 148 2 270 6 441-1 
Temp. (*C.) . .10 20 30 40 

Vap. press, (mm.) . 681-9 1001-9 1427-4 1988 0 
Temp. (•C.) . .60 60 70 

Vap. press, (mm.) . 2719 3 3664-2 4873-2 
Its boiling'point at 760 mm. is 12 The 
vapour, wluch is very poisonous, attacks the 
eyes violently. It is slightly soluble in water. 


the cold saturated solution containing 6% of 
CNCI. The heat of formation of the liquid 
from its elements is —26 9 cal. per mol. It i, 

; stable for an indefinite period when pure, but hj 
the presence of hydrochloric add it polymerises 
to cyanuric chloride, C,N,CI,. Aqneoua 
hydrochlono acid (stronger than 2N) hydrolyses 
it thus : 

CNCI+2H,0=NH4C1+CO, 

Its behaviour towards alkalis is the same as that 
of cyanogen bromide (see Jeloic), and indicates 
that cyanopn chloride is the acid chlonde of 
cyanic acid, CNOH. Hydriodio acid hardly 
attacks it in the cold, and it is without actioa 
on iron and copper in the cold. 

Cyanogen bromide, CNBr, may be pre. 
par^ by tbe action of bromine on a metoUio 
cyanide or on hydrocyamc acid. Slotta (Ber. 
1934, 67, [B], 1028) gives details of the actioa 
ofst^um cyanide solution on bromine in a well 
stirred fiask immersed id a freezing-mixture, the 
bromoeyanogen being distilled ctoct from the 
reaction mixture through a layer of calcium 
chlonde into a cooled receiver. A laborstory 
preparation is also described in “ Orgsmo 
Syntheses,” 1931, 11, 30). Tbe compound is of 
technical importance because its addition to s 
cyanide solution causes more rapid dissolotioa 
of gold (Sulman and Teed, B.P. 18392 of 1S94 j 
J.S.C.I. 1897, 16. 961). It is used m tbe 
treatment of a few re^ctory ores, especioUr 
those in which the gold is associated with 
tellurides, as in Westeni Australis. For thii 
purpose it is always manufactured at tbe 

E lace of use by the action of acidified hromlds- 
romate solution on a concentrated solution of 
aodiuiD cyamde ; other oxidising agents Bsy 
be used instead of bromate. Since the actioa of 
bromine on sodium cyanide also produces sodium 
bromide, tbe addition of a fur»er quantity of 
bromate will yield a further supply of bromme 
and hence of cyanogen bromide; with sn 
adequate quantity of bromate, therefore, tbs 
reaction is (Gfipner, Z. angew. Chem, 1901, 14, 
355): 

2 NaBr+NaBrO,+ 3 NaCN-}- 3 HtS 04 

=3Na,SO«+3CNBr-f3H,0 
This caantinio. •waitciag whno. diasnlvea ia 
bromooyanide solution is as follows : 
2Au-i-3NaCN-|-BrCN 

=2NaAu(CN),-fNaBr 
Its effect is thus seen to be due to its characUr 
as bemg both a cyanide compound and an 
oxidjsmg agent (see Gold Cyanides, p. 486). 

Cyanogen bromide is a colourless, ciyetaUme 
eubstance melting at 62°C. and boiling at 61°C. 
Ita solubility in water is about 6^% 
ordinary temperature. It is very poisonous, and 
has an intensely imtatiag effect on the mucous 
membrane and the eyes. Like cyanogen 
chlonde, the pure substance can be kept without 
change, but traces of bromine or ofhydrobrotaic 
acid cause its rapid polymerisation to cyannno 
bromide, CjNjBr,, with simultaneous 
decomposition. It is very slowly hydrolysed of 
water to hydrobromio and cyanic adda*. 
CNBr-f-HjO-HCNO-fHBr, 
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the cyanic acid 'being next hydrolysed to 
ammonia and carbon dioxide. These reactions 
occur instantaneously with caustic alkalis, much 
more slowly with alkali carbonates, and not 
at all with bicarbonates. In connection with 
the bromo-oyanide process of gold extraction, 
it is of interest to note that cyanogen bromide 
slowly reacts with potassium cyanide in aqueous 
solution, giving cyanogen : 

CNBr+KCN = (CN) 2 +KBr 

A 0'l-0-2% CNBr solution is completely 
decomposed in 3-6 hours by KCN solution of 
less than 1% strength. 

In aqueous solution, cyanogen bromide acts 
as an oxidising agent, converting hydriodio acid 
into iodine, and sulphuretted hydrogen into 
sulphur : 

CNBr+2HI=HCN+HBr+l2 

CNBr+H 2 S=HCN+HBr+S 

In these reactions the bromine behaves like 
hypobromous acid, which is typical of bromine 
attached to nitrogen (Chattaway and Wadmore, 
J.C.S. 1902, 81, 191), so that the compound must 
be formulated as an tso-cyanogen derivative, 
C:N-Br. The reaction with potassium iodide 
provides a convenient method for the quantita- 
tive estimation of cyanogen bromide. 

Cyanamide, NH 2 'CN, is obtained by the 
action of ammonia on an ethereal solution of 
cyanogen chloride (Cloez and Cannizzaro, 
Compt. rend. 1851, 82, 62), when ammonium 
chloride crystallises out and cyanamide is 
recovered from the ethereal solution by evapora- 
tion. It is also obtained by the action of 
mercuric oxide on thiourea : 

CS (N H2)2+ HgO= N HjCN-b HgS-t- H 2 O 
Several guanidine derivatives yield cyanamide 
on boiling with water or alkalis ; for example, 
nitroso-guanidine decomposes thus (Thiele, 
Annalen, 1893, 273, 136) : 

/NHj /NH2 
C;NH =C-N -fNa-l-HjO 
''NHNO 

Cyanamide is most easily prepared from its 
metaUic salts. Disodium cyanamide, N ajN C N, 
is formed by the action of sodamide on carbon 
or on sodium cyanide {see Alkali Metal 
Cyanides, p. 480), or by passing carbon 
dioxide over heated sodamide (Geuther, 
•Annalen, 1858, 108, 93) : 

NaNH2-l-C02=NH2-C00Na 

^NaCNO-kHaO 

NaCN0-l-H2NNa=Na2N-CNH-H20 
It is also formed when either sodium cyanato 
or sodium cyanide is fused with sodium 
hydroxide, or when ammonia reacts with 
sodium carbonate at 600-700°C. (G.P. 582625, 
1928). The calcium and barium salts are 
produced by the nitrogenation of the carbides 
(see under Alkaline Barth Cyanides, p. 487). 
and by several other reactions at moderate 
temperatures where cyanide would be expected, 
c.ff. from lime and hydrocyanic acid (Franck 
and Bank, Z. anorg. Chem. 1933, 215, 415) 
and by heating the ferrocyanides. They are 


also formed by heating the carbamates or the 
cyanates to redness (Drechsel, J, pr. Chem. 
1877, [uj, 16, 188 ; 1880, [ii], 21, 77) (see also 
G.P. 691039, 1929) : 

Ca(0C0NH2)2=CaN-CN-f2H20-t-C02 
and Ca( 0 CN) 2 =CaN-CN-t-C 02 

Cyanamide is easily prepared from the 
disodium salt by neutralising its cold, aqueous 
solution with nitric acid and evaporating to 
dryness in a vacuum ; the dry residue is 
extracted with ether. According to Liebknecht 
(Angew. Chem. 1932, 45, 684; G.P. 601465, 
1934), it is best to treat the disodium compound 
first with absolute alcohol to produce the mono- 
sodium salt and sodium ethoxide, and then to 
treat the mono-sodium salt with hydrogen 
chloride in ether solution. Werner (J.C.S 
1916, 109, 1325) describes its preparation from 
the readily accessible calcium salt : 100 g. are 
mixed with 125 g. of acetic acid and 120 g. of 
water, the mixture well kneaded and left for 
24 hours, after which the friable mass is 
powdered and extracted with ether in a Soxhlet 
apparatus. The yield is 94-96% of the 
theoretical. 

Cyanamide forms colourless, deliquescent 
crystals melting at 43-44°C. (Colson, J.C.S. 1917, 
111, 656). It is readily soluble in water, alcohol 
and ether, and sparingly soluble in carbon bi- 
sulphide, benzene and chloroform. On heating 
it polymerises very readily to dicyanodiamide, 
H 2 N(C:NH)NH'CN, a liquid which boils at 
140°C. under 19 mm. with decomposition to 
melamine. Pinck and Hetherington (Ind. Eng. 
Chem. 1935, 27, 834) produce the dimer in 98% 
yield from concentrated cyanamide solutions on 
heating with small amounts of ammonia. The 
neutral aqueous solution is stable, but poly- 
merisation occurs in the presence of either acids 
or alkalis. The physico-chemical aspect of the 
process has been studied by Morrell and Burgen 
(J.C.S. 1914, 105, 576) and by Grube and Kruger 
(Z. physikal. Chem. 1914, .80, 65), who find that 
in alkaline solution the reaction takes place 
between tmdissociated cyanamide molecules 
and cyanamide ions : 

H2CNa-}-HCN2'=H3C2N/ 

Hence the rate of polymerisation is at a 
maximum in a solution containing one-half 
of its cyanamide in the ionised form, which is 
virtually the case when one-half equivalent of a 
strong base is added to the aqueous solution. 
Weak bases, since their cyanamide salts are 
considerably hydrolysed, have a much smaller 
polymerising action than strong ones. 

The action of acids on cyanamide causes 
polymerisation and hydrolysis (to luea) simul- 
taneously. Cyanamide treated with 10-20% 
sulphuric acid at the ordinary temperatures is 
almost wholly converted into urea, whereas 
near the boiling-point polymerisation pre- 
dominates (Carlson, Z. angew. Chem. 1914, 27, 
724). The reaction is further complicated by 
the hydrolysis of the dicyanodiamide to di- 
cyanodiamidine, 

H2N(C:NH)NH-CN-t-H20 

= H2N(C:NH)NH-C0NH2, 

a strong base which neutrah'ses the acid. 
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C^anamjde readilj forms addition com< 
pomids. For example, 'Bhen dry hydrogen 
chlonde is passed into a dry ethereal solution, a 
white crystallme substance harmg the formula 
HjCNj-^HCI is formed (Slulder and Snut,' 
Ber.1874, 7. 1634). 

Cyanamide is an extremely weak acid, the first 
dissociation constant (H,CN, H'^+HCN/) 
being of the order of 10“^* (Orube and Kruger, 
Z. physikal. Chem. 1014, 66, 65). The mono- 
sodium salt, NaHCNj, crystallises from a solu- 
tion of cyanamide m absolute alcohol when 
sodium ethoxide is added (Ijebknecht, Angew. 
Chem. 1932, 45, 684); the disodium salt can 
only be prepaid by one of the dry fusion 
methods mentioned above. The calaum salt, 
Ca(HCN{)2, can be obtained in solution by 
docomposmg ordmary calcium cyanamide with 
water. The sOver salt, Ag^CNj, is obtained 
as a canary-yellow precipitate by adding silver 
nitrate solution to a dilute ammomacal solution 
of cyanamide ; it is soluble in cold, dilute 
nitrio acid. The lead salt is an orange yellow 
precipitate. ' 

Although there is some doubt as to the con- 
stitution of cyanamidelHjN-CiNorHjM N C), 

the balance of evidence is in favour of the 
normal cyanide structure, for cyanamide shows 
many reactions of a normal cyanide or nltnlc, 

< g. reaction with water to give the acid amide 
vrea, with sulphuretted hymrogen to give thio 
urea, and with ammonia to give the amidine 
guamdine, HN.-C(NH2)^. Its formation from 
cyanogen chlonde, to which the tsoutnie struc 
lure is assigned, can be explamed by the inter- 
mediate formation of an additive compound 
<Nef): 

HNHj-f-CiN-CU^fJSCiNCI 

-H,N C N4-HC1 

VII. eVANATES. 

The cyanates, salts of the acid HCNO, are 
not themselves of technical importance, but 
derive interest from their closo relationship 
to the cyanides, from which they are readily 
formed by oxidation, and mto which they ate 
converted by reduction. This behaviour is held 
to support the “ tsocyanide ” structure for the 
metallic cyamdes, since the oxidation to cyanato 
is then represented os a transition from cLvalent 
to tetravalent carbon : 

Na N:C-»Na-N C:0 

In the case of organic derivatives of cyanic acid, 
two senes of compounds should exist, the 
normal cyanates R O-C • N, and the isocyanates 
R N.C:0. Only the latter have been isolated, 
however, as the normal cyanates are so unstable 
that they polymerise to trimenc cyanurates os 
soon as they are formed. 

Several reactions in which cyanates are formed 
have already been desenbed, and need only be 
briefly mentioned here. Cyanates are formed 
by the action of alkalis on cyanogen (p. 603). 
or on cyanogen bromide (p. 604), and by the 
oxidation of cyanides on heating in air (p 485). 
Ammonium cyanate is produced under certam 


conditions by reaction between carbon monoxide 
and ammonia (p. 494). An intcrestuig synthesis 
of cyanio acid is described by Laude (Compt. 
rend. 1932, 194, 2070), who oxidises carbon 
compounds with potassium permanganate in 
concentrated ammonia solution, using copper 
powder as a catalyst. By using the oxidising 
medium in large excess, he obtained good yields 
of eyanio acid from methanol (34 g. per 100 g ], 
methyl iodide (22 g), and pinene (16 g.), and 
even greater yields from more complex acids and 
their derivatives. 

The production of cyanates by the reaction of 
carbon dioxide and ammonia with alkalis such as 
caustic soda, sodium carbonate, or even eodium 
sulphide M frequently mentioned in the recent 
patent literature. The pressure synthesis of urea 
from carbon dioxide and ammonia, 

CO,-f-2 N H j«CO (N H,),-f H,0, 

IS now an established technical process, and 
from the tautomeno relationship of urea to 
ammonium cyanate, 

CO(NH,), 5^ NH*CNO, 

It is not surprising that, if the synthesis is 
earned out in the presence of alkalis at suitable 
temperatures, alkali cyanates result. Such a 
process is described in B.P. 359550, 1030, the 
workingcondilions being SOatmo^heres pressure 
and a temperature of 400®d H. ‘Wittek 
(B.P. 358745, 1930) protects the reaction 
between ammonia-carbon dioxide mixtures and 
alkali oxides m the presence of catalysts such 
as copper, manganese, alumina, and charcoal, 
and in P.P. 731167, 1932, a beneflciol eflect is 
claimed for the addition to the reaction mixture 
of substances which will diminish or prevent the 
presence of water (which is formed in the 
reaction), such as carbon monoxide which 
reacts with it by the water gas reaction. The 
reaction temperature is generally between 500® 
and 800®C. The technical interest in these 
processes Les in the possibiLty of tbeir being 
utilise os a step towards cyanide production, 
in B.P. 359569, for example, it is stated thst 
cyanide results if the reaction product is sub- 
sequently heated with hydrogen, and in B P. 
358745 the addition of carbon to the solid raw 
material is proposed for the same purpose. 

Cyanic acid, HCNO, is prepared by heating 
its polymer cyanuno acid, HjCjNjOj, which is 
itself obtamed by the action of water on 
cyanurio bromide, C,NjBr,, the triple polymer 
of cyanogen bromide (p. 604). It may also be 
prepared by warming urea with phosphorus 
pentoxide (Weltzien, Antialen, 1858, 107, 219), 
and condensing the evolved vapour at —18 C. 
It IS a volatile liquid, having a smell resembling 
that of strong acetio acid. It is extrem^ely 
unstable and changes rapidly, even at O'C, 
Into the white amorphous polymeric substsnw 
cyamelide. Above 0°C. the change is eiplosi^'J 
violent, and cyanurio acid is also formed. The 
solution in dry ether is comparatively stable, 
but if a small amount of triethyl phosphi"* ” 
added, the triple polymer cyanurio a®><l 
formed. The relationship between cyanic acid, 

HCNO,cyanaricacid.(HCNO)„andcyaracMe, 

(HCNO)*, where * probably equals 3. ha* w®" 
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studied by Troost and Hautefeuille (Compt. 
rend. 1868, 67, 1340) and by van’t Hoff and van 
Deventer (“ Studies in Chem. Dynamics,” 1896). 
All of these substances yield the same vapour : 
at 150°C. and 50 mm. there is a triple point at 
which the two solid phases cyamelide and 
cyanuric acid co-exist together with the vapour 
pliase. Above 150°C. cyanuric acid is the 
stable solid phase, and below 150°C. cyamelide. 
Cyanic acid is quite unstable (having a higher 
vapour pressure at the same temperature) with 
respect to cyamelide. 

The aqueous solution of cyanic acid is very 
unstable, rapid hydrolysis to ammonia and 
carbon dioxide occurring on warming : 

HCN0-fH20 = NH3-l-C02 

Ammonium cyanate, NH^CNO, is pre- 
pared as a white snow by mixing the vapour of 
cyanic acid, well diluted with an inert gas, and 
gaseous ammonia. On warming the solid, or its 
aqueous solution, ammonium cyanate is con- 
verted into urea : N H4CN0 = C0 (N Hj),. The 
reversibility of the conversion and its equilibrium 
in aqueous solution have heen investigated by 
Walker and Hambly (J.C.S. 1895, 67, 746); 
at 100°C., in W/IO solution, 5% of the cyanate 
remains unconverted at equilibrium, and tbe 
equilibrium is tittle affected by temperature. 

According to B.P. 354604, 1930. ammonium 
cyanate may be used as a starting point for the 
preparation of the oyanates of the metals of the 
first two groups of the periodic table, by treating 
it in alooholio solution or liquid ammonia solution 
at 30-35°C. with the appropriate metallic oxide 
or hydroxide. 

Potassium cyanate, KCNO, is readily 
prepared hy grhiding together dry potassium 
cyanide and the theoretical quantity of lead 
oxide, and heating the mixture to the melting- 
point of lead : 


Lead cyanate is a crystalline precipitate 
formed when solutions of a lead salt and a 
soluble cyanate are mixed. The dry salt is 
stable, but hydrolyses on boiling with water 
into urea and lead carbonate. 

Silver cyanate is slightly soluble hi cold 
water (0-006 g. per 100 c.o. at 12°C.), but much 
more soluble in hot water. It is readily soluble 
in aqueous ammonia, and sparingly soluble in 
cold dilute nitric acid. 


VIII. THIOCYANATES. 

The thiocyanates or sulphocyanides, the 
sulphur analogues of the oyanates, are not in 
great demand in commerce, and the fact that 
some S 3 rnthetic processes for their manufacture 
have at times excited technical interest is due to 
the possibility of converting them into _ the 
valuable cyanides (see Alkali Metal Cyanides, 
p. 480). The, cecnncreial requireraenta. of thio- 
cyanates are at present completely satisfied by 
the gas works production, and this source could 
easily be expanded to meet any possible increase 
in the demand. 

Technical Methods of Pkepasation. — 
1. I’rom Ammonia and Carbon Disulphide. 
This synthesis was first brought into practical 
operation by Gelis (B.P. 1816 of 1860 ; see also 
Hofmann, Reports Juries, Intern. Exhib. of 
London 1862, 59). A concentrated solution of 
ammonia and ammonium sulphide was agitated 
with carbon disulphide, yielding a solution of 
ammonium thiocarbonate, ' 


(NH4)2S-fCS2=(NH4)2CS3, 


which was then heated to 90-100°C. with 
potassium sulphide : 


2(NH,)2CS3-|- 


K 2 S 

=2KCNS-l-2NH4SH-f3H2S 


KCN-f PbO = KCNO-t-Pb 

The salt is recrystaUised from water or dilute 
alcohol. J. MUbauer (Z. anorg. Chem. 1904, 42, 
433) observed the conversion of thiocyanate 
into cyanate by the agency of lead oxide at 
300°C. : 

KCNSH- PbO = KCNO-f PbS 

The oxidation of cyanide may also be carried 
out electrolytically, by electrolysing a solution 
containing 4-6 mols. of KCN and 1 mol. of 
KOH per litre at 4-6 volts, and a current 
density of 1-4 amps, per square decimetre of 
anode surface, agitating the liquor at the 
anode (Paternb and Pannain, Gazzetta, 1904, 
34, (ii), 152). The oxidation is almost quantita- 
tive. 

Potassium cyanate crystallises in thin trans- 
parent plates of sp.gr. 2-05, readily soluble in 
water and anhydrous ammonia, insoluble in 
absolute alcohol. It is fusible below red heat 
without decomposition. 

Sodiumcyanate, NaCNO, may he prepared 
by similar methods to those described under 
potassium cyanate. Its solubility in water is 
10-68 g. per 100 g. of water at 16°C. It fuses 
without decomposition at about bOO^C. 


Gunzberg and Tchemiao (B.P. 1148 of 1878, 
1359 of 1879, 1261 of 1881) avoided the trouble- 
some formation of large quantities of sul- 
phuretted hydrogen by heating 20% ammonia 
solution with carhon disulphide at 100°C. 
under pressure in stirred vessels. The reaction 
in this case is (Conroy, J.S.C.I. 1896, 15, 8) : 

4NH3+CS2=NH4CNS-KNH4)2S 

The formation of ammonium sulphide increases 
the ammonia consumption and is responsible for 
the pressure developed during the reaction. 
Crowther and Eossiter (B.P. '' 7846 of 1893), and 
Brock, Hetherington, Hurter and Raschen 
(B.P. 21451 of 1893) overcame both drawbacks 
by adding lime to the charge, when calcium 
thiocyanate and hydrosulphide are formed : 

2NH3-f2CS2-f2Ca(OH)2 

=Ca(CNS)2-l-Ca(SH)2-f4H20 

To avoid the formation of calcium thiocarbonate, 
the reaction must be carried out in the presence 
of an excess of ammonia, which is afterwards 
distilled off. The residual mixture is treated 
with carbon dioxide to remove sulphuretted 
hydrogen and to precipitate the equivalent 
calcium carbonate, and the clear solution of 
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calcium thiocyaaate used for the preparation of I 
the thiocyanates of other metals. 

2. From Cyanamidt and Sulphur . — A process 
is disclosed in B.P. SS4662. 1931. and 412254, 
1932, for preparing thiourea by heating technical 
calcium cyanamide with sulphur or suhetances 
containing sulphur, or with sulphides, at 
temperatures up to 150°C., and then heating the 
reaction mixture to about 25Q'C., when the 
thiourea is converted into thiocyanate and 
ammonia. If salts of the alkali metals are present, 
e g. potassium sulphate, a solution of potassium 
thiocyanate can be obtained by leaching the 
reaction product. The temperature at which 
cyaoamide can he converted into thiocyanate 
18 thus much lower than that at which it can be 
converted into cyanide {see Alkaline Earth 
Cyanides, p. 488), but conaidenng the thio- 
cyanate process as a step in a cyanide synthesis, 
it IS doubtful whether this advantage of lower 
working temperatures can compensate for the 
further comphcations involved in converting the 
thiocyanate into cyanide (see Alkali hletal 
Cyanides, p. 480). 

3. From Coal DisUllalton Gases.~Ct>&\ distiUa 
tion gases are at present the sole source of I 
thiocyanates, which are found in spent oxide from 
gas punficatioD, and aUo in gas liquor and 
ammonia atiU eSuant. 

Spsnt Oxtoe may contam 0-10% of 
ammonium thiocyanate, depending on the 
composition of the gas being punfledand on the 
conations under which the oxide mass baa 
been regenerated (rapid action with consequent 
rise of temperature favours thloeyauate forma* 
tion). The whole of the cyanogen contained in 
the spent oxide can be recovered as calcium 
thiocyanate by heating with milk of lime under 
pressure above lOO^C. (Marasse, G P. 28137), 
when the iron cyanide compounds and the 
sulphur m the mass react to give calcium 
ferrocyanide and calcium sulphite, which then 
react together with mote sulphur to give calcium 
thiocyanate and calcium sulphate ; the iron 
spears as ferrous sulphide. Accordmg to 
Holbling (Z. augew. Chem. 1897, 10, 162, 297) 
the reaction is only 70% complete, but the 
conversion is improved by using baryta or 
barium sulphide instead of lime, when a mixture 
of barium thiocyanate and barium thiosulphate 
is produced. 

Gas LiQTTon is virtually a very dilute solution 
of thiocyanate, as is shown by the following 
figures relatmg to Under’s analyses of five 
English gas liquors (Chief Inspector of Alkali 
Works, 42nd Eep., 1OT5, 35) ; 

Analysis in g /hire. 

Sample. 1 2 3 t & , 

HCN asfeiro* I 

cyanide . 0 068 0 0 0 57C 0*460 0 0 

HCN as thio* 

cyanate . 1*688 4*457 1*238 1 029 1 042 
HCN as hydro* 

cyanioacid. 0 680 0 0 0 030 0 050 0 355 

The formation of ammonium thiocyanate in 
gas liquor is due to the action of dissolved sir on 
the ammonium sulphide in the fresh liqnor, 
giving ammonium polysulphides which reset I 


' with the ammonium cyanide present to give 
thiocyanate . 

(NH4>*Sj+NH4CN = NH4CNS+(NH4),S 
Owing to its great dilution and its alkalinity 
(due to ammonia), this solution is unsuitable for 
the economic recovery of thiocyanate. The 
liquor is instead distilled in ammonia stills, and 
the gases (ammonia, carbon dioxide, sulphuretted 
hydrogen and some hydrocyanic acid) evolved 
are passed into sulphunc acid for the production 
of ammonium sulpnate. The waste liquor from 
the stills contams about 0 15% of thiocyanate 
in the form of the calcium salt, which is best 
recovered as the cuprous salt by treating the 
acidified liquor with copper sulphate and a 
reducing agent such as sulphur dioxide (Parker 
and Robinson, B.P. 2383 of 1889), or by 
treating the liquor (after removing excess of 
calcium hydroxide with carbon dioxide) with 
freshly precipitated cuprous oxido (B.P. 11964 
of 1893). 

FoMdanos ov TmocYisxTx DiRECTt.Y most 
Coal Gas — The hydrocyanic acid present in 
coal gas can be quantitatively fixed as tbio 
<yanaV* under suitable conditions. Tbe 
aecessaiy sulphur for the reaction can be 
provided by scrubbing the gas with a sodium 
polysolphide boIuUod (Marriott, B.P. 331) of 
1877), or with a suspension of manganese 
dioxide m water, which produces sulphur by 
oxidising sulphuretted hydrogen m the ess 
(CampbeU and Boyd, B.F. 101S6 of 1888) 
U. Wood Smith, Gidden, Salamon and Albright 
(B.P. 13653 of 191)1) proposed simply to scrub 
the gas with an aqueous suspension of sulphur, 
obtamiDg a solution contai^e up to 200 g, 
of ammonium thiocyanate per Ltre. This pro* 
cess IS m operation at several gas works, In 
the process described by A. E. Broidberty 
(J. Gas Lighting, 1012, 31; B.P. 23624 of 
1909) the sulphur is provided by spent oxide, 
whnA IS charged mto an ordinary punfier box 
and continually sprayed with water to keep it 
moist, while the gases pass upwards through it. 
The reactions ere ; 

HjS+2NH.*fS=.(NH4)jSj 
(NH4)4S,+ HCN*f NH, 

i(NH4),S+NH4CNS 

In order to prevent water-logging, the direction 
of the gas Bow u changed at mtervals, and the 
spent oxide charge is removed after 6-8 weeks 
The capacity of a 20 ft. by 20 ft. purifier box 
containing a 2 ft. layer of spent oxide is 3 5x10* 
cu. ft. of gas per day, and 3-5 lb. of amnoniuni 
thiocyanate are obtained per ton of coal, fa the 
form of a 26% solution. 

PnopERTizs ot TSB Thiocyanates.— Am- 
monium thiocyanate. NH4CNS, crystallises 
in anhydrous, colourless leaflets of spCT. 1’3 
asdmeUiug-point 159“C. 100 g. of water dissolve 
122 g. of the Balt at 0®C. and 102 g. at 20'C. 
It is readOy soluble in alcohol. The fused wit 
above its melting-point is partly converted into 
the isomeric thiourea. At 220°C., decompositm 
into the volatile products ammonia, sulphurettM 
hydrogen and carbon bisulphide occurs, auo 
guamdine thiocyanate remains behind. 
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Potassium thiocyanate, KCNS, crystal- 
lises in anhydrous, striated prisms or needles 
of sp.gr, 1*9 and melting-point 172*3°C. It is 
deliquescent and very soluble in water : 

Temp. (°C.) ... 0 20 25 

Solubility (g./lOO g.) . 177*2 217 239 

It is also soluble in anhydrous ammonia, and in 
various organic liquids as follows : 

Solubilities (g./lOO g. of solvent). 
Acetone 20*8 at 22° 20*4 at 58° 

Ethyl 

acetate 0*44 at 0° 0*4 at 14° 0*2 at 79° 

Amyl 

alcohol 0*18 at 13° 2*14 at 100° 

Pyridine 6*76 at 0° 4*97 at 58° 3*21 at 115° 

The fused salt becomes deep blue at 430°C., 
probably due to the liberation of sulphur, 

Thiocyanogen, (CNSlj, is obtained by the 
action of a solution of a halogen in an anhydrous 
solvent on a metaUic thiocyanate ; for instance, 
from a dry ethereal solution of bromine cooled 
to 0°C. and lead thiocyanate. On cooling an 
approximately NjZ solution of thiocyanogen 
in carhon bisulphide to — 70°C., almost colourless 
crystals melting at —3° to — 2°C. are obtained, 
which decompose at the ordinary temperature. 
The chemical behaviour of thiocyanogen is 
similar to that of the halogens : its electro- 
negative character is at least equal to that of 
iodine. The molecule is believed to contain two 
thiocyanogen radicles, and to have the con- 
stitution N*C*S*S*CiN (Sbderback, Annalen, 
1919, 419, 2i7). A standard solution is used for 
determining the thiocyanogen values of fats ; 
with compoimds containing one double bond 
they resemble the iodine numbers, but only one 
double bond in linoleic acid is attacked. The 
method has been used for finding the composi- 
tion of natural oils (Freudenberg, Arch. Pharm. 
1925, 263, 675 ; Z. Unters Lebensm. 1926, 51, 
15). 

Uses of Thiocyakates. — ^Thiocyanates do 
not find large-scale application in technical 
industry, the aimual world output being 
estimated at 160 tons (Chem. Trade J. 1936, 
98, 434). The aluminium and tin salts have 
been used in the dyeing and printing industry 
to a small extent, and the yellow compound 
canarin, (g.v.) obtained by oxidising potas- 
sium thiocyanate with a strong oxidising agent 
such as chlorate and hydrochloric acid, has been 
used as a yellow dye for wool. Ammonium 
thiocyanate is used as a fixing agent in photo- 
graphy. 

Thiocyanates are plant poisons, and their use 
(especially in the form of the ammonium salt) 
as weed-killers has been proposed {see Chem. 
Trade J. 1936, 98, 498). Frankland and 
Silvester (J.S.C.I. 1907, 26, 231) investigated 
the germicidal properties of thiocyanates. They 
found that goldfish were not affected in 24 hours 
by concentrations of up to 260 parts per 100,000 
of thiocyanate in the form of the potassium 
salt, but that as little as 10 parts per 100,000 
were sufficient to control Bacillus coli communis. 
Thiocyanates are present in the animal organism, 
in the human saliva, gastric juice, conjunctiva 
secretion and urine. 


Organic thiocyanates have been proposed as 
insecticides (U.S.P. 1841458, 1932 ; Murphy 
and Peet, J. Econ. Entomol. 1932, 25, 123 ; 
Hartzell and WUcoxon, B. 1936, 612). ^ 

Ahalyticai,. 

The methods of analysis described here are 
those commonly employed in technical labora- 
tories. For further details, an analytical 
textbook or a work on technical analysis should 
be consulted. 

The Detection of Cyanide Compounds is based 
chiefly on two characteristic, deeply coloured 
cyanide derivatives, namely Prussian blue and 
the red ferric thiocyanate. The Prussian blue 
reaction is given directly by ferrocyanides when 
their neutral or acid solutions are treated with 
ferric salt solutions, a blue precipitate or a blue 
coloration due to ferric ferrocyanide being 
produced. The reaction may be applied to 
simple cyanide solutions (after evaporating them 
down to small bulk with a little alkali if they are 
very dilute) by treating them with ferrous sul- 
phate solution to form ferrocyanide, and then 
producing Prussian blue by adding ferric salt 
solution, or better by adding an oxidising agent 
such as nitric acid to convert the excess of ferrous 
salt into ferric salt, with the same result. The 
latter procedure is stated to give quicker pre- 
cipitation of Prussian blue, and greater sen- 
sitivity (Vorlander, Ber. 1913, 46, 181). Ver- 
hoever and Johns (J. Amer. Chem. Soc. 1915, 

37, 601) give details of a method of this kind. 
The dilute cyanide solution is evaporated, 
after the addition of a little sodium hydroxide, 
in vacuo at a temperature below 70°C. to a 
volume of 1 ml., 0*2 ml. of 3% FeSO^ and 
0*05 g. of KF are added, and after 10 minutes a 
small excess of 30% H N O3. The blue colour is 
compared wth that produced by a known 
quantity of KCN under similar conditions. For 
a similar method Kolthoff (Z. anal. Chem. 1919, 
57, 1) claims a sensitivity of 2 mg. CN per litre. 

A deep red coloration due to ferric thio- 
cyanate is produced when a ferric salt is added 
to a neutral or acid thiocyanate solution. In 
the case of very dilute solutions, it is advan- 
tageous to shake the treated solution with a 
small quantity of ether to extract the ferric 
thiocyanate from the water. This test can be 
applied to cyanides by converting them into 
thiocyanates by means of ammonium poly- 
sulphide solution and can be made quantitative 
by matching the coloration produced with 
that of a standard thiocyanate solution. 
Johnson’s method (J. Amer. Chem. Soc. 1916, 

38, 1230) is as foUows: an HCN solution con- 
taining 0*1-8 mg. of HCN is made alkaline with 
KOH, treated with 1 ml. of ammonium 
polysulphide solution, and evaporated to dryness ; 
the residue is extracted with acetone, which 
dissolves only the KCNS, and the acetone 
removed by evaporation ; the residue is dissolved 
in water and treated with 2 ml. of 0*5% FeClj, 
the colour being matched by means of a standard 
thiocyanate solution. Castiglioni (Gazzetta, 
1933, 63, 171) treats the aqueous cyanide 
solution with sulphur dissolved in acetone and 
claims a sensitivity of 1 in 50,000. 
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Another sensitive colour test for cysnidea is 
the sodium picrste test, vhich gives a reddish* 
violet coloration depending on the formation of 
sodium wopurpurate when the cyanide is in 
excess, and of ammo-nitrophenols when picrate 
is in excess (A. G. Chapman, Analyst, 1910, 35, 
469). The liquid to be tested is mix^ with sn 
equal volume of a solution containing 005% 
picric acid and 0 5% Na^CO,, and digested at 
40‘’C. for 1 hour. The colour is compared wifli 
that produced by a standard HCN solution, 
and the sensitivity is 1 partoS HCN in 50(^000 
of water (Waller, Proc. Roy. Soc. 1910, 82, B, 
674). 

Several colour tests have been proposed for 
the detection of mmute concentrations of HCN 
m the atmosphere of ships and buildings after 
fumigation. In the bensidine copper acetate 
test (Pcrtusi and Gastaldi, Chem -Ztg 1913, 37, 
609; Hamer, J. Roy. Samt. Inst 1933, 53, 
663), the cyanogen formed by the action of HCN 
on cupric acetate oxidises benzidme to a blue 
substance. The test is earned out bydippinga 
filter paper into a mixture of equ^ volumes 
of a 0 S% solution of copper acetate and a 0 1% 
solution of benzidme acetate, draining surplus 
solution from the paper and introducing the 
damp paper into the atmosphere to be tested 
HCN concentrations of 0002% and higher are 
readily detected, a blue coloretioD being 
developed in 10 seconds, but the rapid action 
makes it difEcult to estimate the actual con 
centratioa. In the meicunc chlonde test, the 
action of HCN on HgCI] to give non ionised 
Hg(CN]jand HCI is detected by having present 
an Indicator n ith a well marked colour change m 
the appropriate Ps range, < g methyl orange 
(Sherrard, Pubbc Health Reports, Bepnnt 
No. 1224, 1928, Treasury Dept, US. Public 
Health Service). “Ke methyl orange mercuno 
chloride test u much slower than the benzidme 
copper acetate test, and is therefore better 
adapted to the estimation of actual HCN 
concentrations. 

Cyanates are best characterised the deep 
blue potassium cobalt cyanate, obtained by 
adding potassium and cobalt salt solutions to 
the cyanate solution made acid with acetic 
acid. Cyanide must be removed before the 
cobalt solution is added. 

The mtroprussides give a deep violet colora- 
tion with alkali sulphides. The colcmr is 
obscured if heavy metals which form dark- 
coloured sulphides have not been previously 
removed from the solution. 

Analyfis of Alkali Cyamits . — Sodium and 
potassium cyanides are hygroscopic when cold, 
so that care is necessary in taking samples 
for analysis. The samples should be transferred 
immediately and without touching them with ' 
the hands to a hot iron mortar, coarsely crushed, 
and transferred to a well dried hot bottle, 
preferably fitted with a hghtly greased glass 
stopper. Errors due to absorption of rooistnre 
in sampling occur very easily, and may bo more 
senous than inaccuracies in testing 

Tkt EstiTTUitum of Cyanogen is carried qut a 
modified Liebig’s method. 6 g. of the sample are 
weighed out and made up to 500 ml , and 25 
ml. of this solution, dilutM to 200-300 ml , I 


are titrated with pure silver nitrate solution 
until a faint turbidity is visible. The reaction is 

2 NaCN-l-AgN 03 =NaN 0 , 4 -NaAg(CN),. 

and when this is completed, the further addition 
of «lver nitrate leads to the precipitation of 
silver cyanide, thus : 

NaAB(CN)j-4-AgNOa==NaNOj+2AgCN 

The Silver nitrate solution must be neutral and 
free from lead and zmc. It is standardised by 
means of a solution of pure sodium chloride 
(dried by heating to redness before weighing), 
using pure potassium chromate as indicator 
I In impure solutions of ejamdes, the end point is 
more easily observed if a little caustic soda and a 
I few drops of 10% K 1 solution are added before 
running m the silver mtrate solution. Welling* 
(Analyst, 1933, 58, 331) suggests the use 
of diphenyl carbazide a« an absorption indicator, 
the end point being marked by a colour change 
from pmk to violet Sulphides interfere with 
the test, but they are easily removed by shaking 
the solution with a little lead carbonate and 
'filtration. The usual strength of silver nitrate 
solution IS N/10, of which 1 ml is equivalent to 
0 0098 g NaCN For very dilute cyanide 
solutions. N/iOD silver nitrate may be used. 

Sulpkidt IS generally estimated by Ewan’s 
method (JS C I 1909, 28, 10; see also Bossiter, 
J8.CI 1911, 30. 583) 10 g of the finely 
powdered sample are dissolved in 15 ml. of 
ordinary water and a lead nitrate solution 
containing 2 4 g per litre is run m gradually. 
The mixture is stirred to coagulate the colloidal 
lead sulphide into brow □ fiocks, and the addition 
of lead nitrate continued until a drop of the 
hquid placed on a filter paper produces no dark 
coloration with a drop of lead nitrate solution 
The results obtained are low, but for small 
sulphide contenta are made suiBciently accurate 
by taking 1 mol. of the standard lead nitrate 
solution as equivalent to 0 0007 g Na^S (ir 
I by multiplying the theoretical result by 1 25) 
The alternative method of sulphide estimation 
13 by precipitatmg PbS by means of lead 
carbonate and oxidising the precipitate with 
boding nitric acid to PbSOf, which is washed 
and weighed. 

fFaler 13 estimated by weighing out about 1 g 
of the coarsely powdered eample into a small 
diatilling Eask (10-20 ml }, which i3 then 
evacuate by a good water pump or by a 
mercury pump. The fiask is then gently warmed, 
finally to 200-300’C., when the whole of the 
moisture is expelled m a few minutes without 
appreciable decomposition of the cyanide. 

Carbonate la conveniently estimated by pre- 
cipitatmg a suitable portion of the solution with 
barium chlonde in the cold (to avoid decom- 
position of any cyanate which may be present). 
The preapltate is washed and titrated, together 
with the paper, with hydrochloric acid and 
methyl orange. 

//yrfroxi'de may bo estimated by a modification 
of Clennell's method (Chem. News, 1895. 71, 93) 
To 100 ml. of the solution, standard AgNO, 
eotntioQ is added to give a permanent turbidity, 
excess of Ba(NOj)] is then added to pre- 
cipitate the carbonate, which is filtered oflf and 
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wasted with C02-free distilled water, the 
washings being added to the filtrate. The 
filtrate is then titrated with standard acid and 
phenolphthalein. 

The Eslimalion of Chloride is carried out after 
removing cyanide from the solution by neutralis- 
ing it with dilute nitric acid, using methyl 
orange, and boiling for about 1 hour in a 
draught cupboard. This treatment also decom- 
poses any cyanate present. The chloride re- 
maining is then precipitated by a known excess 
of standard AgNOg solution, the AgCI filtered 
off and the excess of silver back-titrated with 
ammonium thiocyanate and iron alum, in the 
usual way. If ferrocyanide is present, it may be 
precipitated with excess of AgN Og in ammonia- 
cal solution ; on acidifying the filtrate with nitric 
acid, AgCI is precipitated and may be weighed. 

Oyanamide in the presence of alkali cyanides is 
reatoy estimated by exactly neutralising the 
solution of 1 g. of the substance in 100-150 ml. 
of water with nitric acid, and boiling for 20 
minutes to expel HCN. After cooling, a few 
drops of ammonia and then an excess of AgN Og 
are added. The canaiy-yeUow precipitate of 
silver cyanamide is filtered off and dissolved in 
cold dilute nitric acid, when a small residue of 
undissolved AgC N is usually left. The silver in 
the solution is then titrated against ammonium 
thiocyanate with ferric alum indicator. 

This method may be used for oyanamide in 
the absence of cyanide, when the expulsion of 
HCN by means of nitric acid may be omitted. 
For substances rich in cyanamide, it is better to 
estimate the nitrogen content of the silver 
oyanamide precipitate by Kjeldahl’s method, 
for although it contains aU the cyanamide nitro- 
gen, the precipitate in this case is not pure 
AgjCNj (Caro, Z. angew. Chem. 1910, 23, 2405). 

Cyanate is estimated by acidifying the solution 
with nitric acid and boiling for at least 20 
minutes in a draught cupboard.' The cyanide is 
thereby expelled as H C N , and the cyanate is con- 
verted into ammoniumnitrate and carbon dioxide: 

HCN0-|-HNOg-t-H20=NH4NO3-fCO2 
.After cooling, the solution is boiled with excess 
of caustic soda and the ammonia evolved is 
absorbed in a known excess of standard acid 
and estimated in the usual way. If cyanamide is 
present, some ammonia originates from it during 
the boiling with caustic soda, and in this case 
Ewan (J.S.C.I. 1904, 23, 244) suggests that the 
COg evolved when the sample is boiled with 
acid should be collected and measured in order 
to estimate the cyanate. 

Analysis of Ferrocyanides. — The moat con- 
venient method of ferrocyanide estimation is by 
titration with a standard zinc sulphate solution. 
A precipitate containing zinc ferrocyanide 
is obtained, and the titration is continued until a 
drop of the solution no longer gives a blue colour 
with a drop of ferric solution. The procedure is 
as follows : a solution containing 10-2 g. of 
ZnS04'7H20 and 10 mb of concentrated 
sulphuric acid per litre is standardised against a 
solution of pure potassium ferrocyanide (10 g. 
K4Fe(CN)B'3H20 per litre), 25 ml. of which 
is mixed with 25 ml. of a saturated solution of 
K2SO4, 25 ml. of water and 10 ml. of 10% 


sulphuric acid. Equal volumes of the standard 
zinc and ferrocyanide solutions are required, 
and the precipitate has the composition 
Zn3K2[Fe(CN)B]2 (Meurice, Ann. Chim. 
Analyt. 1913, 18, 342). Subsequent titrations 
should be made as nearly as possible under 
the same conditions. The addition of an excess 
of potassium sulphate is made with the object 
of eliminating variations in the composition of 
the precipitate and thus in the quantity of zinc 
solution required, depending on the nature of 
the metal in the ferrocyanide used (Colman, 
Analyst, 1908, 33, 261; J.S.C.I. 1908, 27, 806; 
see also Treadwell and Chervet, Helv. Chim. 
Acta, 1923, 6, 559). 

Feld’s mercuric cyanide method (J. fur 
Gasbeleuohtung, 1903, 46, 565 ; J.S.C.I. 1903, 
22, 1068) is more accurate. Ferrocyanide 

equivalent to 0-3-0-5 g. of yellow prussiate is 
boiled with 10 ml. of AT-NaOH and 15 ml. 
of SAf-MgClg solution (285 g. MgClg per 
litre). The boiling is continued for 10 minutes 
to expel any cyanide completely as HCN, after 
which lOO ml. of 'boilmg N/lO-HgClg solution 
are run in, and the boiling continued for 10 
minutes to convert the ferrocyanide into 
mercuric cyanide. The mixture is then distilled 
for 30 minutes with 30 ml. of 3N-H2SO4, 
the H C N evolved being absorbed in caustic 
soda and the cyanide in the resulting solution 
titrated with AgNOg, using Kl as indicator. 
Williams (J.S.C.I. 1912, 31, 468) avoids the 
conversion of ferrocyanide into mercuric cyanide 
by making use of the catalytin action of cuprous 
chloride, O'05-OTO g. of the pure compound 
dissolved in HCl being added to the ferrocyanide 
solution after expelling HCN by boiling with 
IVlgClg (ns above) or with Pb(N03)2, which 
also removes sulphide. On boiling the mixture 
for 30 rninutes, the CN of the ferrocyanide is 
quantitatively removed as HCN. 

Analysis of Thiocyanates. — ^Volhard’s method, 
namely, the precipitation of insoluble silver 
thiocyanate by the addition of AgNOg to a 
thiocyanate solution which is neutral or acid 
with nitric acid, is used. The end point is 
determined by adding a small amount of a ferric 
salt to the solution before, titrating, the dis- 
appearance of the red colour due to ferric thio- 
cyanate indicating that the precipitation of the 
thiocyanate as silver salt is complete. A 
quantity of the solution containing about 0-25 g. 
of thiocyanate is diluted to 100-150 ml. 
with distilled water, acidified with 10 ml. of 
dilute HNOg, and 5 ml. of a 10% Fe(N03)3 
solution are added. The mixture is titrated with 
i7/10- AgNOg solution. In analysing a gas 
works product for thiocyanate, ferrocyanide is 
first removed by slightly acidi^dng the solution 
and adding ferric alum. The filtrate is treated 
with acid sodium sulphite in excess, then with 
copper sulphate, and is boiled for a few minutes. 
The precipitate of cuprous thiocyanate, which 
may be mixed with copper sulplfide, is filtered 
off, washed with boilmg water, and digested 
with excess of caustic soda. Cuprous hydroxide 
and sodium thiocyanate solution are formed, the 
latter being separated by filtration and titrated 
by Volhard’s method above. 

Analysis of Gas lYorlcs Products. — Cyanide 
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RQd fetrocvaoide in gas pusification masses are Apart from the qualitative identification of 
determined by triturating 30-40 g. of the ^anadm glycosides in nearly two hundred 
material in a mortar with excess of cold caustic different flowers and fruit by O. and R. 
soda solntion for several hoars. A little Robinson (Biocbem. J. 1031, 25, 1687; 1932 
FeSOj may be added to convert cyanide into 26, 1647 ; 1934, 28, 1712), more recent isolation 
ferrocyanide. The filtrate is treated with 4-5 and analysis of cyanidm pigments includes that 
times its volume of methylated spirit, which from the crimson antirrhinum by Scott-Moncrieff 
precipitates all the sodium ferrocyanide present (Biochem. J. 1930, 24, 753), elderberry slcins and 
Wt retains carbonyl ferrocyamde (see p. 4T7), flowering currant by Nolan and Casey (Proc. 
thiocyanate, sulphide, and excess of caustic Ri^. Irish Acad. 1931, 40B, 56; 1936, 43B, 1)' 
soda in solution. The precipitate is then American cranberries by Grove and Robinson 
treated as descnbed above (Colman, Analyst, (Biochem. J. 1931, 25, 1706), blackberries by 
1908, 33, 261 ; J.S.C J. 1908, 27, 806 ; Skurow, Ksrrer and Pieper (Helv. Chim. Acta, 1030, 13, 
J.8.G.1. 1910, 29, 319). 1067), violet.coloured radishes by Schudel 

The small quantities of cyanogen compounds (Dissertation, Zurich, 1918), shiso leaves by 
in concentrated ammonia liquor may be Chika Kuroda and Uuu Wada (Proc. Imp. 
estimated by converting them mto feme thio> Acad. Tokyo. 1935, 11, 28), maize by Sando, 
<yanate and measuring the depth of colour by Milner, and Sherman (J. Biol. Chem, 1935, 109, 
means of a tintometer (Spiclmann and H. Wood, 203), and hibisctis by Yamamoto and Oshima 
J.8.C.I. 1919, 38, 43T, 369T). Thiocyanate (Sci. Papers Inst. Phys. Chem. Research, 
initially present is first estimate by aci^fying Tokyo, 1932, 19, 134). 

the dilutw sample with HjSOf m the cold, and The natural glycosides of cyanidin already 
removing ferrocyanide by means of a small known are the S-glucosides ehTysanihtmin, 
excess ofiron alum; a large excess of iron alum etc., the S-galactoside idatxn the 3.digIuco- 
is then added to the filtrate, which is examined side mekocyarun, the S-rhamnoglucosides Ura- 
in the tintometer. Cyanide is next converted eyantn, antirrAtnin, etc , the 3.6 diglucoside 
into thiocyanate by digestion at 30-35^ eyantn, the S-pentoside Jubiann, and the bi. 
with ammonium polysulphide solution, and a molecular glucoside and pcntoaide sambuei- 
second estimation of the depth of colour is made cyantn. Acylated glycosides also occur. 
Thlocarbonate u converted into thiocyanate by Cyanidin chloride, CigH|iO,(3l, 3 5 7* 
digestion at 70-75®C. for 45 minutes with NH,. tnhydroxy.2-»n!p-dihydroxypbenyl.l,4'bento- 
cyanide and fenocyatude being unaffected. pyranoUanhydrocblonde crystallises readily 
The HCN content of coal gas is generally from 20% HCI when its pure glucosides are 
determmed by treating the gas with ammonium hydrolyse by boiling with this reagent for 3 
po^sulpbide solution, when thiocyauo acid, minntes ; the crystals, long red>brows needles 
HCNS, » formed and can be estimated as thio. with metaUio lustre, contain IH^O, which is 
cyanate (tee Voituret, Bremutoff-Cbem. 1932, very difficult to remove, complete di^g being 
13, 264; Pieters and Penners, Het Gas, 1932, only obtained at 105‘C. in high vacuum. The 
£2, 382). Alternatively the gas may be naahed anhydrous aalt does not melt below 300‘C. ; 
with a mixture of caustic eoda, ferrous sulphate, if dried at 5Cy°C. it melts at oncelf ^pped intoa 
and water (as m a cyanide washer) to obtain bath at ^0°C , but does not melt if put in at 
the HCN in the form of ferrocyanide, which 200*0. and the temperature then gradually 
can be estimated by the mercuric ^anide raised. It is very soluble in methyl or ethyl 
method already described An account of alcohol; fairly soluble in dilute sulphuric acid ; 
different methods for the determination of HCN difficultly soluble in HCI. Neutral alcoholic or 
in coal gas is given by Rrender k Brandis and aqueous solutions lose their colour on standing 
Bohlken, Ket Gas, 1933, 53, 194. owing to pseudo-base formation, acids reproduce 

G. E. W. colour, slowly if cold, rapidly if warm. The 
CYAN I D1 N IS the most common and widely absorption spectrum shows one broad band with 
distnbuted of the aiithocyan pigments of plants, ill defined edges. 

and occurs naturally in the form of various Cyanidin colourbaseseparatesincrystallmo 
glycosides. conffition when a hot concentrated solution of 

It was first isolated by Wdlst&tter and the chlonde in alcohol is mixed with twice its 
Everest (Annalen, 1913, 401, 189) from the blue volume of water (c/. WiUsttlttcr and Nolan, 
cornflower pigment c^ntn, and may be obtamed Annalen, 1915, 408, 13). It is fairly soluble 
by hydrolysis of this or any other of its naturally m alcohol or pyridine. 

occurring glycosides, or from its methyl ether, Cyanidin pseudo base, Cj.HjjO,, crystal 
peonidin. by demethylation. Glucoside-pig. Iises with IH^O when a ddute solution of 
ments derived from cyanidin have been isolatM the chlonde ia alcohol is mixed with twice its 
from, or detected in, the flowers of blue and deep volume of water, warmed gently, then, after it 
purple cornflowers, Eota gallica, peony, ehry> has become colourless, evaporated »» twcuo, ex- 
santhemum, dahba (deep red), aster, poppy, tracted with ether, and the product crystallised 
Zinnia ele^nt, gladiolos (hybrid), QatUarkxa from water. Readily soluble in water, alcohol. 
bicohr, Selenium autumnaU, Tulipa Qesnenana, acetone or glacial acetic acid, it Is insoluble in 
Tropaolum maius, and in the fruits, or bemes, benzene ; with soda it gives a yellow coloration, 
of the sweet cherry, sloe, cranberry, red currant, with HCI cyamdin chloride is formed and 
raspbetiy and mountain aah. In tome caaea crystaliiBea out. When decomposed by means 
they are accompanied by derivatives of other of fused alkali, protocatechuic acid and phloro- 
anthocyani^ns (see various papers by Willstattef glucincd are produced. 

and his collaborators). Cyanidin chloride dyes wool (tin mordant) 
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blue-violet, cotton (tannined) violet, and unmor- 
danted wool fine rose (WiUstatter and MaUison). 

Qualitative analytical tests for cyanidin 
include the reddish-violet colour of its amyl 
alcohol solutions on shaking with sodium 
acetate, turning to a pure blue with a drop of 
ferric chloride, the incomplete extraction hy the 
“ cyanidin reagent ” and “ delphinidin re- 
agent,” the moderate resistance to oxidation in 
alkaline solution, and the complete precipita- 
tion from amyl alcohol hy 5-6 volumes of 
benzene. Cyanidin can also be identified by 
the specific colour reactions of its various 
glycosides (G. Robinson and R. Robinson, ibid.). 

Many different syntheses of cyanidin have 
now been carried out, and these confirm the 
structure of the chloride which was first put 


HO, 



COH 


OH 

A, 

V 


OH 


HO 


forward by WiUstatter and Everest. The 
claims of Nierenstein and Malkin (Ber. 1928, 
61, B, 791 ; J. Amer. Chem. Soc. 1930, 52, 2864) 
that natural cyanidin chloride is not correctly 
represented by this accepted formula, have heen 
dealt with hy Robinson and Robertson (J.C.S. 
1928, 1603), Robinson (Chem. Age, 1928, 19, 337), 
WiUstatter and Rohinson (Ber. 1928, 61, [B], 
2504), Kuhn-Jauregg {ibid. 2506). 

The first synthesis was carried out by reduction 
of the related flavonol quercetin by Everest 
(Proc. Roy. Soc. 1914, 87, B, 444; 1914, 88, B, 
326) and by WiUstatter and MaUison (Sitzungs- 
ber. Preuss. Akad. Wiss. Berlin, 1914, 769). More 
recently Asahina and Inubuse, using sodium 
amalgam in alkaUne solution, have obtained 
cyanidin by the reduction of rutin (3-rhamno- 
glucoside of quercetin) and also, with more 
difficulty, of quercetin itself (Ber. 1931, 64, B, 
1256). Karrer, Yeu, and Reichstein (Helv. 
Chim. Acta, 1930, 13, 1308) have obtained smaU 
yields, using titanium trichloride as a reducing 
agent. Anthocyanidins have also been ob- 
tained from flavones by Kaoru Kondo and 
Hisao Segawa (J. Pharm. Soc. Japan, 1932, 52, 
363, 358). 

WiUstatter, Zechmeister and Kindler (Ber. 
1924, 57, [B], 1938) synthesised cyanidin chloride 
using trimethoxycoumarin, and magnesium 
3:4-dimethoxyphenyl iodide, and Robinson 
and his coUaborators have also synthesised it by 
various methods, the most satisfactory (J.C.S. 
1928, 1526) involving the use of O-benzoyl- 
phloroglucinaldehyde. 

Appel and Rohinson (J.C.S. 1935, 426) have 
obtained pure cyanidin chloride by oxidation of 
tetramethyl-d-catechin by treatment with 


OMe 


MeO, 



CH ( \oWie 

I \ / 

CHOH 


MeO CHj 
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bromine foUowed by demethylation with 
hydriodio acid and phenol. Ereudenberg, 
Eikentscher, Harder, and Schmidt (Annalen, 
1925, 444, 135), on the other hand, have 
obtained smaU yields of dl-epicatechin from 
cyanidin. 

The investigations by G. and R. Robinson 
(Biocliem. J. 1933, 27, 206 ; 1934, 28, 1712) on 
the existence and occurrence of leuco-antho- 
cyanins show that the greater proportion give 
cyanidin chloride on treatment with hot hydro- 
chloric acid. 

In the case of such natural substances as the 
anthoxanthins (fiavones and flavonols), tannins, 
catechins, and leuco-anthocyanins, as weU as 
the anthocyanins, the 3':4'-dihydroxy grouping 
is by far the most common, a fact which affords 
a more reasonable explanation for the co-pro- 
duction of glycosides of cyanidin and the 
related flavonol quercetin in rose, wallflower 
and maize than the suggestion of Everest (Proc. 
Roy. Soc. B, 1918, 90, 251) and Sando {l.c.) that 
the cyanidin in these plants is derived directly 
from quercetin. The inverse correlation in the 
production of cyanidin and the unrelated flavone 
apigenin in Anlirrhinum (Scott-Moncrieff, l.c.) 
and Dahlia (Lawrence and Scott-Monciieff, 
J. Genetics, 1935, 30, 156) points rather to the 
metabofism of anthocyanins and anthoxanthins 
by paraUel syntheses, each pigment being 
partiaUy derived from a common component 
whose availabiUty is strictly Umited (Scott- 
Moncrieff, ibid. 1936, 32, 117). 

The genetical relationship between cyanidin 
pigmentations and those by the more oxidised 
delphinidin and the less oxidised pelargonidin 
is such that, when general anthocyanin produc- 
tion occurs, the more oxidised t3q)e is dominant 
to the less oxidised, and is also deeper and more 
blue-toned, e.g. in sweet pea the purple flower 
contains the delphinidin, the paler red the 
cyanidin, and the even paler salmon the pelar- 
gonidin type of anthocyanin (Scott-Moncrieff, 
ibid. 1936, 32, 117). 

R. S.-M. 

CYAN I N, the anthooyan pigment of blue or 
purple cornflowers, also occurs in Rosa gallica, 
deep red dahUas, brown wallflowers, etc. It is a 
diglucoside of cyanidin yielding cyanidin (1 mol.) 
and glucose (2 mols.) on hydrolysis. WiUstatter 
and Everest (Annalen, 1913, 401, 189) first 
obtained it in a pure condition, as the crystalline 
chloride, from the blue cornflower ; it is, how- 
ever, more readily prepared from Rosa gallica 
(WiUstatter and Nolan, Annalen, 1915, 408, 1), 
or the deep red dahlia (WiUstatter and MaUison, 
Annalen, 1915, 408, 147). The chloride, 

C27H3JO16CI, red-brown rhombic leaflets con- 
taining 2^ mols. of water, can only be completely 
dried at 105°C. in high vacuum. Air-dried it is 
very difficultly soluble in water, acetone or 
chloroform, difficultly soluble in cold alcohol or 
dUute HCI, insoluble in benzene. In 7% sul- 
phuric acid it is fairly soluble, but the sidphate 
separates out from the solution. Soda added to 
an acid solution gives a pure blue and sodium 
acetate a violet colour; ferric chloride gives a 
fine blue in alcohol, violet in water. It shows 
a single absorption band covering the green and 
blue; it is opticaUy active. WiUstatter and 
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Nolan give, for white light, [o]=—25S® (±10“). 
The low ““ distribution number ” (partition 
value between amj I alcohol and aqueous HCI) ia 
normal for a diglycosidc Pitralt, ltd needJa, 
very soluble in water. Cyanm potasatum gait, 
the blue pigment of the cornflower, was obtained 
crystalline, but not free from NaCI, by AViU* 
stiltter and Everest, after purification by dialysis 
It 13 very soluble in water, insoluble in alccdiol ; 
its blue aqueous solutions become colourless on 
standmg owing to formation of a pseudo* base, 
whereas in 20% NaCI solution the colour is 
stable for months. 

Cyamn was the first anthocyan to be isolated ' 
and successfully analysed It is very widely 
distributed Q. and R, Robinson (Riochem. i 
J. 1931, 25, 1687, 1932, 26, 1647; 1934, 28. 
1712) have shown by their quahtative tests on | 
hundreds of Sowers and fruits that cyamn 
with its dihydrozy grouping is by far the most 
common type, as la al^ the case with other 
fiavan substances Cyamn baa also been 
isolated from brown wallflowers by Scott- 
Jlonerieff (Chem Ind. Rev. 1929, 7, 630) and 
from shiso leaves by Chika Kuroda and Mizu 
Wada (Proc. Imp. Acad Tokyo, 1935, 11, 28). 
who found that here it was sometimes combined 
withp coumanc acid. 

The position of the glucose molecules nas 
uncertain for some time, Robinson favouring the 
5 position and Karrer the 3 These apparently 
opposing viens have been united by Robinson's 
recogmtion that cyamn, pelargonin, peontn, 
nahin, petunin ana delphin are all 3 5 dimono 
sides (J.CS 1931, 2GC3] This was confirmed 
by the symtheais of 3 5 ^ diglucosidyl ryaiudin 
chloride (III) by Todd and Robinson (J C.S. 
1932, 2293) by condensation, of 2-O-cnoao 
acetylglucosidylphloroglucinaldehyde (I) and 
w-O tetra acetyl gIucosidozy-3 4 diacetozy 
acetophenone (11), and subsequent deacetylation 
with KOH. 


II UM 




ihiOC^H 


,0(0Ac), 11. 


^ OH 

x'C-0C,H„0, 

CH III. 

The S-moDoglucoside, cyanenin (IV), which is 
not known to occur naturally, can be obtained , 
from cyamn by partial hydrolysis and has also 
been synthesised by L^on and Robinson (J.C.S. i 
1932, 2221). ! 


; Since the pg of the cell sap of blue corn- 
I flowers IS shghtly more acid than that of the red 
, Bota GaUiea, the blueness of the former may 
f be dependent upon a colloidal phenomenon 
(G. ami R. Robinson, Nature, 1933, 132 
I 626) 

’ R. s..jir. 

. CYANINE BLUE. LtxUh'a Mur. A 
I “ mived ” pigment of cobalt blue and Prussian 
) blue. 

; CYANINE DYES. The first cyanine dye. 
r prepared in 1856, appeared at the time to be 
1 valueless owing to its instability to hght. In 
. 1873 Vogel discovered that various dyes, 

I amongst them cyanine, possess the power 
I of rendering photographic plates, which normally 
, are sensitive only to light of short wave length, 

I sensitive also to other wave-lengths, the eeusitis 
tng maximum approximating to the absorption 
I maztmum of the dye (Her. 1875, 8, 1635) 

! Whilst very interesting scientifically, even 
’ this action of cyanine Bcemed at the time to 
I have little practical value, since it was accom- 
panied by veiling and staining of the plate In 
1903, however, it was found that the related 
isocyanmcs sensitise, without accompanying 
I defects, and a flood of German patents was the 
result, whilst the German chemists arrived at 
the cbemicAl structures of cyamtio and mo- 
cyanine. At the time of the Great War, it was 
necessary that the Allied Armies should have 
photographic sensltisers, because they are 
essential for aeroplane photography. This led 
tlills to Kis study of the cyanines, and he and 
his pupils established the structure of the whole 
group ; thus Pinacyanol, then the best scnaitiacr 
for red light, had been discovered in 1005, but 
its constitution was not elucidated until 1920, 
and TAiozoU Purple, discovered in 1887, was of 
unknown structure until Idills’s publication in 
1933. The preparation of cyanines containing 
nuclei other than the onginol one, quinoline, 
greatly enlarged the field, as did observations 
that tno new types of cyanines also had valuable 
photographic properties ; some of them arc 
greatly superior to the older types 
At present certain cyamnes, absorbing hght of 
comparatively short wave-length, are used for 
conferring extra sensitivity upon gclatino- 
cblonde photographic emulsions, such as are 
used for coating gasL'ght printing papers ; 
others, absorbing longer wave lengths, ore usid 
to sensitise gelatmo-bromido photographic 
emulsions, such os are used for plates and films, 
to any desired part, or to the whole, of the v isille 
spectrum ; lengthening the chain which joins 
tho nuclei in the cyanine molecule has made 
feasiblo the preparation of infra-red sensitive 
photc^raphic material, which is useful for 
distance photography and for certain kinds of 
scientific work. The cyanine dyes have not 
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only proved valuable to astronomers and other 
scientists, but also to the world at large, for 
their power of conferring sensitivity to light 
of various colours has made possible a true 
rendering of colour in monochrome and led to a 
great increase of speed, especially to artificial 
fight. The high achievements of modern 
photography are in fact largely due to photo- 
graphic sensitisers, of which the cyanines are 
amongst the most important. Sensitisers 
have also made possible photography in 
colour. 

Cyanines {i'A' -Cyanines), isoCyanines (2:4'- 
Cyanines), and t[i-Cyanines (2:2'-Cyanines ). — 
The blue dye, cyanine {Quinoline Blue), was 
prepared by GreviUe Williams by the action of 
caustic alkali on the alkiodide of impure 
quinoline (Trans. Roy. Soc. Edin. 1856, 21, 
377 ; Chem. News, 1859, 1, 15 ; 1860, 2, 219). 
Hofmann recognised that this quinoline con- 
tained lepidino (Proo. Roy. Soc. 1863, 12, 410), 
and Hoogewerff and van Dorp showed that the 
ethiodides of the two bases condense, under the 
influence of potassium hydroxide in aqueous 
solution, to form the cyanine molecule according 
to the equation 

CjHjN-CjHsl-t-CioHgN-C.HsI 

= C23H23N2l-hH2-i-Hl 

(Reo. trav. ohim. 1883, 2, 28, 41, 317 ; 1884, 3, 
337). They found that a purple dye, isocyajiine, 
is produced by the action of alkali on the 
alkiodides of quinoline and quinaldine, and they 
represented its formation similarly {ibid. 1883, 
2, 317 ; 1884, 3, 337). Spalteholz independently 
discovered the isocyanines, but regarded them 
as containing two extra hydrogen atoms (Ber. 
1883, 16, 1847). He, and also Hoogewerif and 
van Dorp, pointed out tliat, in preparing 
cyanines and isocyanines, it is advantageous to 
use twice the calculated amount of quinoline 
alldodide. Miethe and Traube’s discovery of the 
value of the isocyanines as photographic sen- 
sitisers (G.P. 142926, 1902) led to patents by 
various German firms, in which substituents 
were introduced to improve the sensitising 
action, and the acid radical was altered so as to 
increase the solubility (G.P. 158078, 167159, 
167770, 170048, 170049, 1903). This was largely 
the work of E. Konig. isoCyauines have 
appeared upon the market under the names 
Ethyl Bed, Homocol, Isocol, Orthochrome T, 
Pericol, Pinachrome, Pinachrome Violet, Pina- 
verdol and Sensitol Qreen, whilst cyanines were 
marketed under the names Ethyl Cyanine T and 
Quinoline Blue. 

The first suggestion as to the constitution of 
cyanines and isocyanines was made by Decker, 
who had discovered the alkylquinofinium pseudo- 
bases and regarded tlieso as intermediates 
(Bor. 1891, 24, 690). Miethe and Book for- 
mulated the isocyanine molecule as having 
two quinoline nuclei finked in the 2:4'-positions 
to a :CH group (Ber. 1904, 37, 2008), but with 
two extra hydrogen atoms as suggested by 
Spalteholz. It was W. Konig who pointed out 
how unlikely is their presence and he gave 
formula! for cyanine (I) and isocyanine (II) 


which aie accepted to-day, the former with a 
4:4'-linking, the latter with a 2;4'-linking 



l:l'-Dialkylcyanine iodide. 
Bis-{l-alkyl-i-quinoline)methincijanine iodide.^ 

I. 



l:l’-Dialkylisocyanine iodide. 
{l-Alhijl-2-quinoline){l-alkyl-i-quinoKne)methm- 
cyanine iodide. 

n. 

(J. pr. Chem. 1906, [ii], 73, 100). Konig made 
the alternative suggestion that in cyanine 
and isocyanine one quinoline ring may have 
undergone fission to an open chain {ibid. 1912, 
[ii], 86, 166), but this was disproved by Mills and 
Evans’s S 3 mthesis of o-aminooinnamylidene- 
quinaldine methiodide, in structure very close to 
the open-chain formula for isocyanine, but differ- 
ing in properties (J.C.S. 1920, 117, 1035), 
and further evidence against it was advanced 
by Konig and Treiohel (J. pr. Chem. 1921, [ii], 
102, 63). Vongeriohten and Hofehen produced 
evidence that the 2-methyl group of quinaldine is 
concerned in isooyanine formation (Ber. 1908, 
41, 3054), whilst Kaufmann and Vonderwahl 
proved that the 4-position of the quinoline 
nucleus is involved (Ber. 1912, 45, 1404). The 
constitution of isocyanine (III) was definitely 
estabUsbed by Mills and Wishart, by its oxida- 
tion to l-alkyl-2-quinolone and oinchonio acid 
alkochloride (J.C.S. 1920, 117, 579); whence that 



I’.l'-Dlalkylisocyanine iodide. 

{\-Alkyl-2-quinoline){\-alkyl-i-quinoline)methin- 
cyanine iodide. 

III. 

of cyanine follows. The formula of isocyanine 
is confirmed by Adams and Haller’s preparation 
of various isocyanines by the action of alkali 
on various lepidine alkiodides (J. Amer. 
Chem. Soc. 1920, 42, 2389), and by Hamer’s 
synthesis from lepidine ethiodide and 2-iodo- 
quinofine ethiodide (J.C.S. 1928, 206). She 
subsequently prepared complex isocyanines 
from 5-methylacridine methiodide and 2-iodo- 

* See p. .'jSO for explanation of alternative nomen- 
clature for this and subsequent compounds. 
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qainolinc alkiodidc, but these uere not senai - 1 
timers (JC.S. 1930, 995). For accounts of th®| 
preparation of leocyanmes, by the action ofi 
caustic alkali on alcoholic solutions of quatemaiy | 
salts of substituted quinolines and quinaldines, | 
and of tbcir properties, including optica) and 
photographic properties, see Sheppard (J C S. 
1909, 95, 15), Wise, Adams, Stcuart and Land 
(Ind. Eng. Chem. 1919, 11, 4C0), JliUs and ippe 
(Phot. J. 1920, 60, 183), Barhier (Bull Soc. 
chim. 1920, [iv], 27, 427). Hamer (JCS 1921, 
119, 1432; Phot. J. 1922, 62, 8), and Sakum 
(Bull Inst. Phys. Chem. Bes. Jopan, 1933, 11, 
681, 1044); Hamer prepared complex Mo- 
cyanmcR from qumolmc alkiodide and 2 methyl 
accnaphthpyndine methiodido (JCS 1930, 
095). 

In nammg isocyanines, plain numerals refer 
to the qumaldine nucleus, whilst those of the 
quinoline nncleus are followed by a dash 
(Mills and Pope, Phot J. 1930, 60, 183) Mills 
and IVishart's formula for isocyanine (HI) 
differs from Konig's (II) in that the aad radical 
is attached to the alternative nitrogen atom, with 
a corresponding differenco m the conjugated 
chain uniting the nitrogen atoms Mills and 
Al'ishart suggested that the two formulae 
represent virtually tautomeric compounds 
(J.C.S. 1020, 117, 670), end urtual lavlomertm 
has unco been shown to be a characteristic 
of cyanines of various types (Mills and Braun- 
holts, ibid, 1033. 121. 14S9, Hamer, ibid 
1038, 200, Kuhn, Mmterstcin and Balser, 
Bcr 1030, 63, fBJ, 3170, Ogata, Proc Imp. 
Acad. Tokyo, 1933, 8. 119, BuU Inst. Phys 
Chem. lies. Japan, 1034, 13, 549; Brookcr and 
Ke\es, J, Amer Clicm, Soc 1935. 57. 2488} 
Although the acid radical in cyanines is not now 
regarded as attached to one nitrogen atom, to 
the cvciusion of the other, static formula) are 
given throughout this article, for the sake of 
clearness. For the convenienco of naming 
definite evamples, the anion in the formuk-c is 
usually represented as iodide, although other 
anions are equally applicable. 

The cyaniiles, to use the term m its general 
sense, arc monacid salts w hich can con\ eniently | 
bo erj stalJised from methyl or ethj 1 nleohol, but 
are only slightly soluble in hot water. The 
crystals usually contain solvent of crystallisa | 
tion ; they hav e a metalhc lustre and are often 
ptcochroic. Although the solutions are de- 
colorised by excess of acid, the colourless diacid 
salts are unstable. 

Although the 4 4'- and 3 4'-C3anines have 
been known from such an early date, the pre- 
paration of 2.2'-cyanine (IV’) by Fischer and 

CX)...-CO 

NMe NMel 

l-l'-DImethjl Ip cyanine Iodide 
Bti (1-mrtAy/ 2 gvinobne)meUn7Ui/antru toJidr 


proposed the name ^-cyanine (J.CS. 1924, 125 
1913), By effecting the condensation under 
' modified conditions, Hamer prepared a number 
of 2 S'-cyanines and noted that these also are 
photographic senaitisers (J.C.S. 1028, 200). 
For the preparation of more complex ip cyanines, 
2-iodo ^ naphthaquinoline alkiodide was con- 
densed with an alkiodide of quinaldino or 
B napbthaquinaldine (Hamer and Kelly, liirf. 
1931, 777), and 2 iodoquinoline alkiodide was 
condensed with 2.inethylacenaphthpyridme 
methiodide (Hamer, tltd. 1930, 995). The 
I.G. Farbemnd. A.-G. prepared the diefhjl 
analogue of I\^ from 1-ethyl 2.thioquinolone 
cthiodide and qumaldine ethiodide in pv’rtdmc 
(B P. 423702. 1932). whilst Kendall prepared 
IV from 2.inethylthiolquinohne, methyl p. 
toluenesulpbonate, and malonic acid in pyridine, 
followed by potassium iodide (B.P. 431141, 
1933). 

2 2'-, 2 4' , and 4 4'-Car6oeyiini«rs— The most 
ratuablo sensitiser of its day, conferring photo- 
graphic sensitivity even to red light, was tlie 
blue dye Pinaei/anol, which was discovered by 
Homolka and patented by the Farbwerko vorm. 
Meister. Lucius and Briijung (0 P. I72I18, 1905) 
(later known also as Qumaldine Blue and 
Senitlol Bed , Baphthaei/awle, Pinaehrome She 
and Senetlol Violet belong to the same chss) 
It was prepared by the action of caustic alkali 
on an alcohoho solution of quaternary salts of 
qumobne and qumaldine, in the presence of 
formaldehyde. The part played by formalde- 
hyde may also bo taken by a tnhalogenomethsne 
(G P. 200207, 1007) or by chloral hydrate (Ocata 
and Suzuki. Bull. Inst. Phys Chem Bee 
Japan, 1934. 13. 488) The preparation of 
pinacyanolanditshomologuesC ip dici/amnta"), 
by the formaldehyde method, la described by 
0. Fischer (J. pr. Chem 1918, [iij, 98, 204], 
Wise, Adams, Stewart and Lund (Ind. Eng. 
Chem. 1919, U. 460), Mills and Pope (Phot. J. 
1920, 60. 253), Braunholta (J.CS 1922, 121, 
169), MoudgiU (ibid. 1922, 121, 1509), Mees and 
Gutekunst (Ind. Eng Chem. 1932, 14, 1060), 
and Hamer (JCS. 1923, 123. 2333). Fischcr 
observed that the qumohne salt takes no direct 
part in the condensation (/ c.) ; although it has 
always been accredited with increasing the yield, 
a recent publication denies this (Lauer and 
Hono. J. pr. Chem. 1033, [ii], 143, 305). The 
formula (V) for pinacyanol was suggested by 
Mills and Pop© (7 c ) and established by Mills and 

COc’Hfc'H^HlCO 

NEt NEtX 

I 2 2'-caibocyan5ne todWc 

I Sit (l’^h}/l-2‘tutnohne)trimet/iinc}/anin« tod’de, 

I V. 

I Hamer, who concluded from analysis that the 

I compound is formed according to the equation 


IV. 

Scheibe, by condensing 2 iodoquinolioe meth- 
iodido with qumaldine mctliioilide (J. pr, Chem, 
1920, [ii], 100, 80) IS much more recent. Instead 
of their term "ip-isoeijanine," Jlills and Odanu 


Ci-H.N C.HsK-l-CHsO 

= C„H,,N,X-t-H,0-|-HX-|-2H, 


and who found that on oxidation it give' 
qninaldinic acid and l-cthyl 2 quinolono (J C.S 
1920, 117, 1650). Their formula was confirmed 
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by Konig’s preparation from quinaldine eth- 
iodide and ethyl orthoformate in the presence of 
acetic anhydride (Ber. 1922, 55, [B], 3293) ; 
Hamer, by nsing- pyridine instead of acetic 
anhydride, obtained 70-79% yields by this 
method (J.C.S. 1927, 2796), and further con- 
firmed formula V by converting methylene- 
diquinaldine dialkiodide (VI) into (V), by the 



NRl NRI 

Jlethylenediquinaldlne dialkiodide. 


VI. 

action of alkali in the presence of a quinolinium 
salt (J.C.S. 1923, 123, 246), and by reducing 
(V) to (VI) (J.C.S. 1925, 127, 211); a process 
for converting (VI) into (V) by treatment 
with an oxidising agent in a non-alkaline medium 
was subsequently patented (Soc. Chem. Ind. in 
Basle, B.P. 321155, 1928). Rosenhauer with 
Hoffmann and Unger (Ber. 1926, 59, [B], 946) 
obtained the methylene bases from quinaldinium 
salts in the solid state. By condensing such a 
base with iodoform, the 2;2'-carbocyanine (V) 
was synthesised by Fischer and Rosenhauer (Z. 
angew. Chem. 1923, 36, 330) and by Rosenhauer, 
Schmidt and Unger (Ber. 1926, 59, [B], 2356). 
Kuhn and Winterstein prepared 2:2'-carbo- 
cyanines, otherwise difficult to obtain, by the 
action of acetic anhydride and sodium formate 
on the appropriate methylene base, or on its 
salt with an organic acid (B.P. 328357, 1929). 
Sakurai has described the sensitising action of 
certain 2:2'- (and 2:4'-) carbooyanines (Bull. 
Inst. Phys. Chem. Res. Japan, 1932, 11, 1044), 
and Kendall the preparation of a 2:2'-carbo- 
cyanine, from 2-methylthiolquinoline, alkyl 
p-toluenesulphonate, glutaconic acid, and pyrid- 
ine (B.P. 431141, 1933). Ogata, Kawasaki and 
Masuda prepared a 2:2'-carbocyanine containing 
two nuclei isomeric with phenanthroline from a 
salt of the appropriate base, ethyl orthoformate, 
and acetic anhydride (Bull. Inst. Phys. Chem. 
Res. Japan, 1934, 13, 486) ; for preparing a 
simple 2:2'-carbocyanine, Ogata and Suzuki 
treated quinaldine methiodide with chloral 
hydrate and alkali (ibid. 488). 

When the constitution of pinacyanol was 
established as (V), Mills and Hamer predicted 
that, corresponding with this 2;2'-carbocyanine, 
there would also be a 2:4'- and a 4:4'-carbo- 
cyanine (VII and VIII) (J.C.S. 1920, 117, 1550) 
This prediction was soon fulfilled, for Mills 
and Braunholtz synthesised (VIII) (J.C.S. 



l:l'-Dlalkyl-2:4'-carbocyanlne salt. 
(l-AH:i/l-2-Quinolme){l-all-yt-i-quinoline)tTimethin- 
cyanine salt- 

VII. 
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l:l'-Dialkyl-4:4'-cart)Ocyanine salt. 
£is-{l-alkiil-i-qmnolim)tnmelhmcvanim salt. 

VIII. 

1923, 123, 2804), whilst Mills and Odams 
synthesised (VII) (ibid. 1924, 125, 1913). 
Thus Mills and Braunholtz showed that when 
quinaldine ethonitrate is condensed with di-o- 
formylalkylaminodiphenjd disulphide (IX), in 
pyridine solution, one product is (V), the di- 
sulphide having furnished the central carbon 


-S\ 




'''^NRCHO OHCRN''^\/ 

Dl-o-formylalkylaminodiphenyl disulphide. 

IX. 


atom of the three-carbon chain ; when lepidine 
ethonitrate is used instead of quinaldine etho- 
nitrate, the corresponding product must be 
(Vni). They identified this dye with Krypto- 
cyanine (also called Rubrocyanine), which 
Adams and Haller had prepared by using a 
lepidinium instead of a quinaldinium salt in the 
carbocyanine condensation (J. Amer. Chem. 
Soc. 1920, 42, 2661), and which has proved a 
valuable sensitiser for infra-red light. By 
interaction of lepidinium salts, pyridine and 
ethyl orthoformate, Hamer prepared 4:4'- 
carbocyanines (J.C.S. 1927, 2796), together 
with neocyanine (q.v.). Jlills and Odams, 
by the action of (IX) on a mixture of 
the ethonitrates of quinaldine and lepidine, 
synthesised the 2:4'-carbocyanine (VII). From a 
spectroscopic examination they concluded 
that the dicyanine, which had been prepared 
from quaternary salts of 2:4-dimethylquinolinB 
and its derivatives (G.P. 155541, 1903 ; Fischer, 
J. pr. Chem. 1918, [ii], 98, 204; Wise and 
Adams, Ind. Eng. Chem. 1918, 10, 801 ; 
Mikeska, Haller and Adams, J. Amer. Chem. 
Soc. 1920, 42, 2392; Palldn, Ind. Eng. Chem. 
1923, 15, 379), is a 2:4'-carbocyanine. 

Thiacyanines, Thiacarbocyanines, Thia-2'- 
cyanines (Thia-iji-cyanines), and Thia-i' -cyanines 
(Thiaiaocyanines ). — ^Hofmann observed that a 
purple dye, which he regarded as the cyanine of 
the benzthiazole series, is formed by heating an 
aqueous solution of the aUdodides of benzthi- 
azole and 2-methylbenzthiazole with ammonia 
(Ber. 1887, 20, 2251). Mills showed that the 
reaction proceeds more readily in pyridine and 
isolated a yellow compound in addition to 
the purple one. Analj’ses led him to the 
surprising conclusion that the yellow dye is the 
cyanine (X), and tho purple dye the carbo- 
cyanine (XI), of the benzthiazole scries, and 
this was confirmed by synthesising the thia- 
cyanine (X). (XI) sensitised a gelatino-bromide 
and (X) a gelatino-chloride photographic emul- 
sion (J.C.S. 1922, 121, 455). The name thia- 
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XI 

c^unine la m accordance with international 
nomciiclaturo and therefore preferred to the 
original term *' Miocyajuae ” Similarly, the 
original name “ eartioMioeyaniae ” for (XI) was 
first replaced by “ Unoearbocyanine ” (Hamer, 
J C.S 1027, 27liG), and has now become thta 
rar6ocyaniae The tluacyanme (X) corresponds 
w itli ^-cyanine, tsocyaninc, and cyanine, and the 
thiicarhocyaninc (XI) with the 2 2'-, 2 4'-, and 
4 4'<carbacyanincs. Just as the disulphide (IX) 
na« uwl to sjntlicsiso 2 2'-, 2 4', and 4.4'- 
carboc^atiincs, so, similarly, by condensing it 
with 2 methylbenztliiazole ethiodide, Hfills and 
llrnunLoltz obtained (XI) ; they iound that, 
m addition to the function of (IX) in providing 
the central carbon atom of the three carbon 
chain of a carboeyaninc, it also fitmishce a bent 
thmzole nucleus, which condenses with the 
cmatccnary salt available to give a dye m which 
the nuclei are linked by one CH- group: thus 
from (IX) and 2.niethylhcnztbiazoTe ethiodidc, 
tlie other product is (X) (dod. 1023, 123. 2804) 
Eishcr and Hamer prepared Mioeyantnes from 
a 2 metliylbcnzthiazolium or a l.metliyl.a 
naphthathiazolium chloride, by the action of 
atnyl nitrite in Die presence of acetic anhydride, 
(J.CS. 1030, 2502). The 10. FarbenmU. A C. 
applied this method to the prcporation of thia. 
cyanines with complex nuclei (UP. 400101. 
1031), and also described aminotliiacyanincs 
(1) 1’. 400951, 1031) Konig, Klcist and Ofilzo 
prepared ihiaeynninos, including one (Xll) 
uf considcniblo complexity, by treatment of 3- 
iiicthylbcnzthiazolonc, or its derivatives, with 
magnesium mith^l iodide (Per 1031, 64, (BJ, 

C.CHC 

■ I 1 

H.C CH, H,C CH, 

CH, CH, 


XII. 

1C04). Kendall prepared thiacyanines by heat- 
ing together 2 mcthylthiolbcnzthiazole, atkyl 
p toluencsulphonatc, tnalonie acid and pyndine 
(B P. 431141, 1933). The I.O. Fnrlwmnd A G 
prepared both symmetncal and imsyminetTical 
MiacyoKiRM by condensing 3 alkylthiobenzthi 



ozolono nlkiodido with 2 mcthylbcnzlhmzolo 
albiodide m pyridine (B.P. 423703, 1032). 
Closely related is Kendall's molhod, m which a 
quaternary salt of 2.nietliylthiolLcnztlnazolo 
xeacts with one of 2 methylbcnztliinzolo ; lie 
claims that it is advantageous to make the 
preparation and condensation of the salts all 
one process (U P. 421559, 1033). 

The ThiacarLoci/anxnea (XI "Thia:ole 
Purple”) were prepared by Komg and Jlciir 
by condensing a 2.raetbjibenzUiiazoiiiim salt 
with ethyl orlholormalc, or anhydrous sodium 
formate, in the presence of various solvents (J. 
pr Chem. 1025, [ii], 109, 324) llamcrfoundthc 
ethyl orthoformato and pyndvno method to bo 
most successful in tlie caso of the tliiacarLorj an- 
inca (J C.S 1927, 2790), and subsequently con 
dctiscd ethyl orthoformate, in tlio presence of 
pyridine, with salts of mctliyl-a- and j9 nniditlia 
thiazolcfl (J C.S. 1020, 259S), as also did Brookcr 
and Kodak Ltd. (B P. 351201 . 359103, 1929). 
The I Cl rarbenind. A. G. used ethyl ortho- 
formate and pyridmo in preparing tliiacnrbo 
cyanines with complex nuchi (It.P. 39C217, 
1031) and. in preparing certain substituted 
thiacarbocyanincs (BP 418745, 420971, 

1932 : 421015, 1033), mduding those from 
mcthyltctrahyiirn o and ^ nnplitliathiazoIiN 
(BP 427887, 1932) and Jrom 2 methyl f!,8. 
naphtbolhiAzole (B.l’ 4,5240S, lO’li) Jvcnilsll 
prepared thiacarbocyonmcs by heating together 
2 mcthylthiolbenzthiazole, nlko-p-tulucno tub 
phonatc, crotonic anhydride, or ghitneonto 
acid, and pvridino (B P. 431 141 , 431180, 1013), 
MdU anti Brnunlioltz found tliat when tlic 
disulphido (IX) renits witli quinaldinu itho* 
nitrate, it behaves ns ovpiaincd under tins* 
cyanines, so timt the 2 d’-cnrloiyanino (V) 
IS accnmpnnied by the t)iia>2’ eyanins (Xlll) 
(JCS. 1923, 123, 2804} H&mcr confirmed 




3 I •Dlalkvlthla-S’.cyanlne iodlJr 
(l-it/IVt I! eciiiotinrH I riUi/l S btiiel/iiatUt)mit>in 
rj/aii'Tit ioiidc 

xrir. 

this fQcmul.x by picpaiuig iKia 2’-cyttninea by 
tho action of caustic alkali on (ho afkiodidis of 
2.iodoquinolino and 2 nicthylLcnzthiazoIo (iW, 
1928, 20G), whilst more complex t!im.2- 
cyanines were prepared by using methyl a- and 
/} naphthathiazolo nlkiodidcs and 2 lodo-jS- 
naphtliaquinolmo alliiodido (i('id. 1929, 2508; 
Hamer and Kelly, itid. 1931, 777) The 
10. Forbcnind. A -G. subsequently condensed 
2 lodoqumolino alkiodido with salts of still more 
lompicx thmzolo derivatives (BP. 400(01, 
1931), of nicthyltctrabydro-Q. nnd B niiphthn- 
thiazoles (B P. 427887, 1032), and of 2-mctliyI 
/7/}'*napbthath]azo]o (B P, 452408, 1934) Ihey 
also prepared thia-2'. cyanines by tlio action of 
pyndine on a mixture of !.et!iyl-2 tliioquinolone 
alkiodido nnd 2 mothylbcnztliiazolo alkiodide, 
or of quinivldinc alkiodido and 3 ctUyl-2*ni(rosn. 
midobenztbiazolino (B.P. 427792, 1932), Ken- 



519 


CYANINE DYES. 


dall found it better to use alkyl-^-toluene- 
Bulphonates of the thiono compounds (B.P. 
438420, 1934) ; he also prepared thia-2'- 
cyanines by condensing salts of 1-methyl- 
thiolbenzthiazole and quinaldine (B.P. 424559, 
1933). Beilenaon and Hamer observed that 
introduction of chlorine or bromine atoms into 
the thia-, thiacarbo-, or thia-2'-oyanino molecule 
has little effect upon the absorption maximum 
(J.C.S. 1936, 1225). 

Mills and Braunholtz found that when the 
disulphide (IX) reacts with lepidine ethonitrate, 
the 4:4'-oarbocyanine (VIII) is accompanied by 
Ihia-i' -cyanine (XIV) (J.C.S. 1923, 123, 2804), 
which they had previously obtained by the 



3;l'-Dialbylthla-4'-oyanme iodide. 
(l-All;tjl-i-qmnoline)(3-alkvl-2-benzlhiazole)meihin- 
cyanine iodide. 

XIV. 

action of caustic alkali on the alkiodides of 
2-methylbenzthiazole and, quinoline {ibid. 1922, 
121, 2004). Brooker and Kodak Ltd. con- 
densed quinoline alkiodido with alkiodides of 
methyl-a- and ;3-naphthathiazoles (B.P. 378455 ; 
380140, 1930), whilst the I.-G. Farbenind. 
A.-6. used salts of stiU more complex thiazole 
derivatives (B.P. 400401, 1931), of methyltetra- 
hydro-a- and )S-naphthathiazoles (B.P. 427887, 
1932), and of 2-methyl-)3iS'-naphthathiazole 
(B.P. 452408, 1934). The I.G. Farbenind. A.-G. 
prepared thia-l'-cyanines by the action of 
pyridine and piperidine on alkiodides of lepidine 
and 3-methylthiobenzthiazolone (B.P. 423792, 
1932), and Kendall prepared them by con- 
densing quaternary salts of lepidine and 2- 
meth3’lthiolbenzthiazole, or, conversely, of 4- 
methylthiolquinoline and 2-meth3'lbenzthiazole 
(B.P. 424559, 1933). 

Fuchs pointed out that certain sensitisers 
containing benzthiazole nuclei are superior to 
the older C3'anines in that they inhibit chemical 
fog (Chem.-Ztg. 1933, 57, 853) ; this is also 
confirmed by Sobolev, Bondareva and Evteeva, 
who compared the sensitising action of various 
substituted cyanines containing benz- and 
naphtha-thiazole nuclei (J. Appl. Chem. 
Kussia, 1936, 9, 335). 

Other Cvanines and Symmeteical I 

CARnOCYANTNES. 


is followed by an account of further types made 
possible by methods depending on the reactivity 
of groups other than methyl. 

Indocyanines, Indocarbocyanines, and Indo- 
2'-cyanines. — W. Konig pointed out that an 
indolenine salt such as (XV), can condense 


CMe^ 

NMel 


2:3:3-Trimethyl- 
indoieninc methiodlde. 


XV. 



l:3:3-Trimethyl-2- 

methyleneindoline. 

XVI. 


with ethyl orthoformate, in the presence of 
acetic anhydride, to give the indocarbocyanine 
(XVII) (“ Astraphloxine ”) (Ber. 1924, 57, 685), 
which method was subsequently used by Ghigi 
(Gazzetta, 1933, 63, 698). Its sensitising pro- 
perties were noted by Hamer, who prepared 



l:3:3:l':3':3'-Hexamethylindocarbocyanlne iodide. 
£is-(l:3:S-tTi7netliyl-2-indolenine)trimethincvamne 
iodide. 

XVII. 


indocarbocyanines by use of ethyl orthoformate 
and pyridine (J.C.S. 1927, 2796). They may 
also be prepared by condensation of the methy- 
lene base (XVI), which corresponds with (XV), 
with formaldehyde (Soc. Chem. Ind. in Basle, 
B.P. 312174, 1928). Kuhn and Winterstein 
prepared them by interaction of acetic an- 
hydride, sodium formate, and a methylene base, 
or its salt with an organic acid (B.P. 328357, 
1929). Ogata prepared (XVII) by treatment of 
(XV) with chloral hydrate and alkali (Proc. 
Imp. Acad. Tokyo, 1933, 9, 602). Wahl and 
the I.G. Farbenind. A.-G. made “ Indolenine 
Yellow ” by treating salts such as (XV), or the 
corresponding base (XVI), with an ester or salt 
of nitrous acid, in the presence of acetic 
anhydride (G.P. 459616, 1926). Kuhn, Winter- 
stein and Balser pointed out that neither the 
analytical results nor the colour of the compound 
accorded with the formula proposed, and they 
established that it is in fact the indocyanine 
(XVIII). By treating an acetic acid solution of 



Mills and Smith’s discussion of the reactivity 
of the meth3’l group in heteroc3'clic bases (J.C.S. 
1922, 121, 2724) is of especial interest in con- 
nection with those bases which have since been 
found to give C3-anine d3-es. In the present 
section, the plan has been adopted of dealing, in 
roughly chronological order, with each base 
which was cmplo3-cd, on account of its reactive 
meth3'l group, for cyanine d3’e formation ; this 


CIO4 

l:3:3;l':3';3'-Hexamethylmdocyaume 

'perchlorate. 

£is-{l:3:3-trimet!iVl-2-indolenine)methineyanine 

perchlorate. 

XVIII. 

(XVI) with sodium nitrite and then with per- 
chloric acid, they isolated the oxime perchlorate 
(•XIX), and showed that this reacts with 
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n" 


CMe, 

''CCH.NOH 


NMeCIO* 

3 3-nimet>iyl Z aldoilme ladolenlae mettiopercblontc 
XIX. 

(XVI), in acetic anhydride aolution, to give the 
indocyanine (XVIII); an vn^ymmelneol tnda- 
cyantne waa also prepared (Ber.. 1930, 63, [B], 
3176), The intermediate (XIX) was also 
obtained by the action of nitroayl ehlon^e on, 
(XV) or (XVI) (I.G. Farbemnd. A -G., B P. 
359753, 1929). Nilrosjlsulphnnc n«d may be 
used similarly (I C I. Ltd., Lineh, and Piggott, 
BP. 391215, 1931) J«do 2' cyoninea (XX)' 



13 3 I'-TettamtthyUndo 2” cysnloc Iodide. ' 
(13 3 InmtUiill S \n/loletHM)(l‘nethi/l 2-^inoltiu)- i 
tnethinei/anini iodide I 

XX. 

were prepared by reaction of (XV) with 2 lodo 
quinoline alkiodido in the presence of cauetic 
alkali (Hamer, J.CS. 1923, 200), but tnethyl- 
amine u recommended ea a better condenamg 
agent (Kodak, Ltd . B P 408371, 1932). With 
complex compounda of tungstic or molybdio 
acid, the indocyanines and indocarbocyanmes 
give colour lakes which are fast to light, etc 
(1.0. Farbemnd. A -G , B P. 448503, 1934) | 

Oxaej/anmes, Cxaazrbocyaninet, Oza-i'^ \ 
eyanxnea, and Oxa 4' cyamnes — KOnig and I 
Meier vere the first to use 2 metbylbenzoxatole I 
methiodide for the preparation of a cyanine. I 
condensing It with ethyl orthoformate andi 
acetic anhydride to giee an oiocorbociAintne ' 
(J. pr. Chem 1923, tiO. 109, 324). Hamer i 
subsequently earned out the preparation bv 
using ctbyl orthoformate in conjunction witn| 
pyridine and noted that the oxacarbocyanines , 
have photographic sensitising properties (J.C S | 
1927, 2796). Oxacarhocyanines were aimilarly I 
prepared from methyl a and fi napbtboxazolea | 
by Brooker and the Eastman Kodak Co. {U.S.P. 
1939201, 1933 ; 1962123, 1934) and from 
2 methyl naphthosazole by the 1.0. Far- 
benind. A-G. (B.P. 432969, 1933). Kendall 
prepared oxacarbocyanmea by reaction of 
the 2.methylthiolbenzoxazole alko p-toluene* 
sulphonates with glutaconic acid (B P. 431141, 
1933), or with crotonic anhydnde, and pyndtne 
(B.P. 431186, 1933]. The colourless oxocyanines 
were prepar^ by Fisher and Hamer, by the 
action of amyl nitnte and acetic anbydr^ on 
salts of 2 methylbenzozazole, and their pale 
yellow analogues were similarly prepared from 
methyl O' and j3-napbthozazolea (J.C S. 1934, 
962). Kendall prepared oxacyanines by the 
action of raalonic acid on a 2-metbyItbioIbenz- 
oxazole alko p-toluenesulphonate in pyndine 
(B.P. 431141, 1933), and was able to prepare 
both eymmetrieal and uneymmelneal oxacyanmea 
byrcactioaofa2 methylbenzozazole quaternary 
salt with one of 2.metbylthjolbenzoxazo]e 


(B P. 424359. 1933) or of 3-alkyl.2 thiobenzoza. 
tolooo (B.P. 438420, 1934). The I G. Farben- 
ind. A.*G. obtained oxa.3'-cyanmea by condens- 
ing quaternary salts of 2 methylbenzozazole 
and 1-alkyl 3-thioqumolone (B.P. 423792, 1932; 
''.P. 423827, 1933) and patented oza 2'- and 

■a i'-cyaninee containing naphthoxazole nuclei 
(B.P. 388898, 1931 ; BP, 432969. 1933). 
Kendall prepared oxa.2'-cyanine3 from salts of 
2 methylthiolbenzozazole and quinaldme (B P, 
424SS9, 1933). Brooker and Keyes found that, 
whereas the yield of oza.2'.cyan!ne obtainable 
by the action of caustic alkali on an alcoholic 
solution of the ethiodides of 2.metbyIbcDZoza- 
zole and 2 lodoquinoline is veiy low, it can be 
greatly increased by using a strong organic 
base as condensing agent (J. Amer. Chem. Soc. 
1933, 57, 2488). The parent oza-, oxacatbo-, 
oxa.2'., and oxa 4'.cyanme8 are represented by 
formuls (X), (XI), (XIII), and (XIV) respec- 
tively, if each sulphur atom be replaced by 
oxygen. 

^elenacyaninM, Selenacarhocyaninee, Seltna- 
i'-eyanine$. and Selena-i'-eyarttrue. — Clark first 
used 2 metbylbenzselenazole quaternary salts 
for the preparation of cyanines, and by their 
condensation with ethyl orthoformate and 
pyridine he prepared selenaearbocyantnee, which 
he fouod to be eensitisers (JCS 1028, 2313 
tf I.G. Farbemnd. A-G, B.P. 383486, 1931; 
418745, 1932). From such salts or their 
derivatives, the I.G. Farbemnd. A >0 prepared, 
by the actiou of amyl nltnto and acetic 
anhydride, teUnoeyantnez (B P. 380702, 
400931, 1931), by condensation with qumohn* 
lum salts, lehno-i’-eyamnez (B.P. 389969, 
400951, 1931; ef. US.P. 2051134, 1936). 
and by condensation with, a aah of 2 lodo. 
qutnoLne or l'aIkyI-2 thioquinolone, eelenaS’’ 
tyaniiuz (BP. 386791, 400951, 1931 ; 403840. 
423792, 1932). The parent selena., aelena. 
carbo-, 8elena.2‘', and selena-4'.cyanines may 
be represented by formula) (X), (XI), (XIII), 
and (XIV) respectively, if eaci aulphoratom 
be replaced by selenium. 

2 I’-Cyantnee, 4 I'-Cyaninee, Thia I'-cyanin*#. 
ond Helena- I'-cyantTies.— Fisher and Hamer used 
l-iodotsoquinohne alkiodide, in place of 2- 
tndnojuuuhna alkicdide., foz. cyanine condensa- 
tions. Thus with quinaldiniura salts in the 
presence of alcohol and alkali it gave 2.1'- 
cyaatnea (XXI), which were also obtained, m 
much lower yield, by condensation of the 
alkiodides of tsoquinohno and quinaldme. They 
pointed out that xaoQumoltne Red, which had 
been prepared by interaction of tsoquinolioe, 
quinaldme, beazotnchloride, and zinc chlonde 


NR .^2'_3'/ 


t Z’-DUlkyl Z.l'-craalce Iodide. 
iX-Altyl 2-j«ino/in«)(J-<ittv( l-Hojuino/insfnwwm- 
nanine iodide 
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(Agfa, G.P. 40420, 1886) and formulated by 
Vongerichten and Homann as (XXII) (Ber. 
1912, 45, 3446 ; cf. Soheibe, Ber. 1921, 54, [BJ, 
786) is a 2:l'-cyanine of a special kind. 1-Iodo- 



CHPh 

isoQuinolino Red. 

l:2'-Benzylidene-2;l'-cyanine chloride. 
l'.VBenzyUdene{2-quinoline){l'-\soquinoline)- 
meOtincyanine chloride, 

XXII. 


isoquinoline alkiodide was further condensed 
with lepidine alkiodide to give a 4:1 '-cyanine 
(XXIH) ; with salts of 2-methylbenzthiazole, 



l:2'-Dialkyl-4;l'-cyanine iodide. 
(l-Alkyl-i-quinoUneX2-alL-yl-l-isoquinoline)- 
methincyanine iodide. 

XXIII. 


etc., to give thia-V -cyanines-, and with 2-methyl- 
benzselenazolo alkiodide to give a seiena-1'- 
cyanine. Whereas the absorption maximum of 
each I'-cyanine closely approximates to that of 
the analogous 2'-oyanine, the photographic 
sensitising action of the former is much weaker 
than that of the latter (J.C.S. 1934, 1905). 
Brooker and Keyes, by taking advantage of the 
reactive methyl group of salts of 9-methyl- 
phenanthridine, which may be considered as a 
derivative of both quinoline and isoquinoline, 
prepared four cyanines. In each instance the 
absorption maximum lay nearer the blue end of 
the spectrum than that of the isomeride con- 
taining a jS-naphthaquinoline nucleus, whilst no 
sensitising action was shown (J. Amer. Chem. 
Soc. 1936, 58, 659). 

Thiazolocyanines, Thiazolocarbocyanines, 

Thiaz6lo-2' -cyanines, Thiazolo-V -cyanines, 

Thiazolo-'k' -cyanines, and Thiathiazolo-cyanines. 
— ^MUls and Smith pointed out the reactivity of 
the methyl group in a 2-methylthiazolium salt 
and, by condensing 4-phenyl-2-methylthiazole 
methiodide with quinoline methiodide, obtained 
the 4-phenyl derivative of the parent ihiazolo-i'- 
cyanine (XXIV) (J.C.S. 1922, 121, 2724; c/. 



3:l'-Dialkylthiazolo-4'-cyanine iodide. 
i2-Alkyl-2-tMttzole){l-alkyl-i-quinoline)me0iin- 
cyanine iodide. 

XXIV. 


I.G. Farbenind. A.-G., B.P. 386903, 1931). 
From the same salt and the disulphide (IX) 
in pyridine. Mills and Braunholtz prepared the 
4;4'-diphenyl derivative of the parent ihiazolo- 
carbocyanine (XXV) together with the corre- 


HC— S S— CH 

\ / % 

HC C:CHCH:CHC CH 

'S 

NMe NMel 


3:3'-DimethylthiazoIocarbocyanine iodide. 
Sis-(3-methyl-2-thiazole) trimethincyanine iodide. 


XXV. 


spending thiathiazolocyanine (J.C.S. 1923, 123, 
2804). Fisher and Hamer prepared thiazolo- 
carbocyanines from 2:4-dimethylthiazolium 
salts by the p 3 Tidine and ethyl orthoformate 
method (J.C.S. 1930, 2502). Brooker and 
Kodak Ltd. showed that, as prepared by the 
latter method, these are accompanied by the 
corresponding neocyanines (q.v.) (B.P. 408273, 
1931). Kendall prepared a thiazolocarbocyanine 
Ifom 2-methylthiolthiazolium ^)-toluenesuIphon- 
ate and malonic acid in pyridine (B.P. 431141, 
1933). Thiazolo-2'-cyanin -s (XXVI), prepared 



3:l'-DlalkyltIiiazolo-2'-cyanine iodide. 
(3-Alkyl-2-thiazoleXl-alkyl-2-quinoline}methin- 
cyanine iodide. 

XXVI. 


from 2-methyIthiazolium and 2-iodoquinolinium 
salts, were described by Brooker, Keyes, and 
White (J. Amer. Chem. Soc. 1935, 57, 2492 ; cf. 
Kodak Ltd., B.P. 408569; 408570, 1932; 
I.G. Farbenind. A.-G., B.P. 386903, 1931), 
and ihiazolo-V -cyanines, similarly prepared from 

1- iodoisoquinolinium salts, were described by 
Fisher and Hamer (J.C.S. 1934, 1905). 

Oxazolo- and Sclenazolo-2’ -cyanines. — By con- 
densing 2-methyl-oxazolium or -selenazolium 
salts with 2-iodoquinolinium salts, Brooker, 
Keyes and White prepared oxazolo-2' -cyanines 
and a selenazolo-2' -cyanine (J. Amer. Chem. Soc. 
1935, 57, 2492). They may be represented by 
formula (XXVI), if the sulphur atom be replaced 
by oxygen and selenium respectively. 

Thiazolinocarbocyanines, Thiazolino-2'- 

cyanines, and Thiazolino-i'-cyanines. — Quater- 
nary salts of 2-methylthiazoline were first 
applied to cyanine formation by Brooker, who 
by condensation with ethyl orthoformate and 
pyridine obtained thiazolinocarbocyanines, with 

2- iodoquinolinium salts obtained thiazolino-2'- 
cyanines, and with a qninohnium salt obtained a 
thiazolino-V -cyanine, all of which are photo- 
graphic sensitisers (J. Amer. Chem. Soc. 1936, 
58, 662). The formula of these three types 
resemble (XXV), (XXVI), and (XXIV) respec- 
tively, but the thiazoline nucleus in each 
instance takes the place of the thiazole nucleus. 
As compared with the corresponding dyes 
containing the thiazole nucleus, those with" the 
thiazoline nucleus have their absorption maxima 
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nearer to the region of short wave-length 
(Brooker, I c.). 

SeUrtazoltnoearbceyanims.—Vihite and Kodak 
Ltd. sicjilarly used quaternary salts of 2- 
methybelenaroline to get iieUna 2 oltjioeario- ■. 
cyanxMS (B.P. 392410; 406074, 1931). The 
formula resembles (XXV), but the selcn 
azolijio nucleus takes the place of the thiazole 
nucleus 

2 2' and 2 4'-PyrWocarJocyo7n'n«, olktrPyrtda- 
cyaniues, end ifisceWaneaus Ci/amtiea. — Pyrido 
carbocyanmes cannot be obtained from piro 
ImiuTO salts by the general methods used for 
other carbocyanmes, but Rosenhanef and 
Batlet succeeded rn preparing 2 2'.j)SFnttocat6o. 
cyamnes (XXVII) by treating 2 picohne quater- 
nary salts, IT) alcoholic solution, with potassium 
hydroxide and chloroform ; by using a y- 
picolinmm salt, they prepared the 4*4' juynio- 
caThocyanxnt (XXVIII) (Ber. 1929, 62. 2724) 
Ogata and Suzuki prepared (XXVII) 

CH 

NRI 

1 J' Dnlkvl 22' pvrlJetarbflcjsnlne Iodide 
£>« It-aUi/i 2 pv'id)n<)ir»»(t/unev^nin« iodide 
XXVII. 

fi Nchchch'/ \ini 


\=/ 




treating an a plcolmium salt with chloral 
hydrate and alkali (Bull Inst. Phys Chem 
lies. Japan, 1934, 13, 488) Hamer and Kelly 
Here able to get 2 pyndo 2’-cyan\nts (XXIX) 


0 - 


J 1'-Dl»lkyl2 pitldo 2" cianlne Iodide 
(1 AHvl 2 vvridiniy\-atl!ul 2 quiaotuietiMC&ui- 
ej/amne iodide. 

XXIX 


EtN \=CH- 

CIO^NEt 
1 I'-Wethyl 4 ryi’>do-2'-cyanine pcfchlorafe 
il-Ettiyl 4 pvrt3ineXl-(Visl-2-fpnnoline)meth>n 
cyanine percftlorale. 

XXX. 


XXXI. 

used triethylamino in condensing 2 lodopyri- 
dimum salts with 2-incthyl thiaxolium or sclcn- 
azolium salts, to give 2'-pyrtdolhtazolociianine» 
(XXXlI)flnd2'-pyrido«ienazoieKryoniit«(XXXn, 
substituting Se for S) (J. Amer. Chem. Soc. 

HC— S 


h/ 


C* 

NEt 


193S. 67, 2402), whilst 2 'nyridolhiaitUne 
cyattines are similarly obtaioable (Brooker and 
Kodak Ltd, BV. 437807, 1033). By con 
densing quaternary salts of a picoline and 
2-iQCthyUmolbcnzt£iazo1c, Kendall prepared 
2-pyndolhiacyanint (XXXIII) and this graeral 
method of applying a reactive metbyltbiol 


a> 


3 r-DillkiI 2' pvrldothiacisninc loiiido 
(l-ilUirl 3 Tlirt4tM){i-nUill S bemUnacoMmeUtin 

CUUWM lOdldl . 

XXXIII. 


by the action of caustic alkali on alkiodides of 
2 lodopyridine and quioaldine, but not by the 
sltematiic method of using those of a-picobne 
and 2 iodoquinohne (J.C.S 1931,777). Brooker 
and Kejes, by employing tnethylamine as 
condensing a«nt, however, were successful in 
preparing (XXIX) by the second method, and 
in improving its yield by the first method, 
and found this reagent supenor to caustic alkali 
for 2''Cyamno preparations m general, and were 
thus enabled to make cyanines not ptonoDsIy 
ncccssiWe, such as 2 pytida 4'.(yan»se, 4 pyrido- 
2' eyamne (XXX). 2 2'-pyTidocyantneg (XXXl), 
and 2 i'-pyridoeyaninta (J. Amer. Chem. Soc. 
1935, 57, 2488). Bcilenson and Kodak Ltd. 
found pot.visiura carbonate to be superior to 
caustic alkali for cyanine condensations (BP. 
435542, 1933). Brooker, Keyes and 'V^hite 


lu conjunction with a methyl group was also 
applied to the preparation of tndolAia-, tndoza , 
ozooxazolo', oiolftia , and oiatAiflzolo cyaniiws 
(B.F. 424559, 1933). By condensing alkyl p- 
tolucneaulphonatea of S-methylthiobenioxato- 
lone and a-picoline in pyridine, he prepared 
the oiB 2'-pyTidocyoniue (XXXIIL substituting 
O for S), and this method of using alk^l 
p tolnenesulphonates of a thionc- and of a 
methyl, substituted hose was also applied to 
Bomo of the types mentioned ahoie (BV. 
438420, 1934). 

(In naming unsymmetrical cyanines, other 
than those containing n quinoline or isoquinolino 
nudeus, confusion is aioided by using plain 
numerals to refer to the nucleus which is nien- 
tiooed Erst, whilst the numerals with a dash 
refer to that which is mentioned second. 
It IS convenient to arrange the prefixes in 
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alphabetical order, e.g. indo- precedes oxa-, and 
oxa- precedes thia-.) 

Of other nuclei which have been introduced 
into cyanines, Hamer, Heilbron, Reade and 
Walls first used the quinazoline nucleus, 
preparing a quinazocarbocyanine from a 2-methyl 
salt, ethyl orthoformate and pyridine (J.C.S. 
1932, 251). KendaU, by taking advantage of 
reactive alkylthiol and methyl groups, prepared 
various types of cyanines containing one or 
two heterocyclic nuclei having two nitrogen 
atoms, such as quinazoline, pyrimidine and 
thiodiazole (B.P. 425609, 1933). By condensing 
the alkylthiol derivative of such an alko-p-toluene- 
sulphonate with malonic acid in pyridine, he 
obtained symmetrical cyanines, in which two 
nuclei of this kind are linked by :CH- (B.P. 
431141, 1933). With crotonio anhydride in 
pj'ridine a carbooyanine containing two thio- 
diazole nuclei was similarly prepared (B.P. 
431186, 1933). Ogata described a carbo- 

cyanine containing two benziminazole nuclei 
as being prepared from 1 :2-dimethylbenzimin- 
azole methiodide, diphenylformamidine, potas- 
sium acetate, and acetic anhydride (Proo. Imp. 
Acad. Tokyo, 1933, 9, 602). 

Bases, of which Cyanines are the Quaternary 
Salts. — hlills synthesised the ethiodide of di- 
benzthiazolylmethane, which, by elimination 
of acid, gave the base (XXXIV), of which 



3'-EthylbenzthlazoIenyI-2-benzthiazolyImethane. 

XXXIV. 

(X) is the ethiodide (J.C.S. 1922, 121, 465). 
Clark, from 2-imino-3-methylbenzthiazohne 
and quinaldine, prepared the base, of which 
thia-2'-cyanine (XIII) is the alkiodide (J.C.S. 
1936, 507). Kendall patented a series of such 
bases, including those of which 2:2'-, oxa-2'-, 
selena-2'-, thia-2'- and thia-4'-cyanines also indo- 
2'-carbocyanino, are the quaternary salts, the 
method being to condense a base, having a 
reactive methyl group, with a quaternary salt, 
having a reactive alkylthiol, or substituted 
aminovinge group ; the resultant bases sensitise 
differentlj' from, and sometimes more powerfully 
than, the corresponding salts (B.P. 456362, 1935). 

Vnsymmetrical Carbocyanines. — The methods 
which have been described so far for preparing 
carbocyanines lead of necessity to products in 
which the two heterocyclic nuclei are identical. 
It is true that mixtures of two quaternary salts 
may be used, as in the preparation of 2:4'- 
carbocyanines, but in this case the desired 
product must bo separated from the isomerides 
which accompany it. Apart from this. Mills and 
Raper were the first to prepare unsymmetrical 
2:2'-carbocyanines, by heating the methylene 
base from quinaldine ethiodide with a substituted 
quinaldinium salt and formaldehyde in alcoholic 
solution (J.C.S. 1925, 127, 2466). The Society 
of Chemical Industry in Basle claimed that by 
condensing 1 mol. of a compound X'CH:NH 
(e.g. formimlno ethyl ether hydrochloride) with 
2 mols. of a heterocyclic ammonium salt con- 


taining a reactive methyl group, or with the 
corresponding pseudo-base, symmetrical carbo- 
cyanines result, whilst equimolecular quantities 
give an intermediate, which may subsequently 
be condensed with a second mol. of methylene 
base to give an unsymmetrical carbocyanine. 
Examples are the intermediate prepared from 
(XVI), also those from certain quinaldinium 
salts ; the first of these may be condensed 
with a second mol. of (XVI) to give (XVII), 
or with a difierent methylene base to give 
an unsymmetrical carbocyanine (B.P. 334706, 
1928). I.C.I. Ltd., Piggott, and Rodd similarly 
used diaryUbrmamidines, ArNH-CH:NAr, to 
get either symmetrical carbocyanines (when 
2 mols. of quaternary salt containing a reactive 
methyl group are treated with one of 

ArNHCH-.NAr), 

or intermediates (when equimolecular propor- 
tions react). Thus (XV) heated with diphenyl- 
formamidine gives (XXXV), whilst in the 
presence of acetic anhydride its acetyl derivative 
(XXXVI) is produced (B.P. 344409, 1929). 


CMej 

^CCH:CHNHPh 

. // 

NMel 

2-ctf-AnlUnoviDyl-3:3-(Iimothylin(loIenine methiodide. 
XXXV. 



CMe, 

' \ 

C-CH:CHNAcPh 

. '/ 

NMel ■ 

2-a)-AcetanUidovinyl-3;3-dimethyllndo!enine 

methiodide. 

XXXVI. ■ 



They found that such intermediates, by heating 
with acetic anhydride, potassium acetate, and a 
second mol. of heterocyclic ammonium salt 
containing a reactive methyl group, give carbo- 
cyanines, for example, the intermediate from 
diphenylformamidine and quinaldine ethiodide 
gives with (XVI) the unsymmetrical indo-2'- 
carbocyanine (XXXVII) ; that derived from 
2-methylbenzthiazole ethiodide gives with (XV) 
the indothittcarbocyanine (XXXVIII) ; (XXXVI) 
with 2-methylbenzoxazole ethiodide gives the 
indoxacarbocyanine (XXXIX) ; and the inter- 
mediate derived from 2-methylbenzthiazole 
ethiodide gives with 2-methylbenzoxazole eth- 
iodide the oxathiacarbocyanine (XL) ; these 
four dyes are photographic sensitisers (B.P. 



l:3;3-TrimctliyI-l'-ethyIindo-2'-carbocyanino 

iodide. 

('l:3-.3-TrmethyJ-2-int!olenine)(l-et?iul-2-quinolme)- 
trimethincyanine iodide. 

XXXVII. 
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MejC 

'^C.CHCHCHC^ 

/ . 

IMeN 




13 3 Trimethf] S'-ethyliodothlararbocjsnlM 
iodide 

(J 3 S-TtimeOivl-i-indolcnini^ii-rthul 2 UmlhuaeUy 
tnmthxncT/anxin xedidt, 

XXXVIII. 


' Me.C /V 

\ / Vi 

C.CH-CH-CH-r ‘ ' 

NEt IMeN' 


<u 

IMeN 


1 3 3-TrlmetIirl S'-ethyllndoxAcarbociaitlDe 

(13 3 Trimtthvl 2'indo2fnin<}(3 rthyl 2 Ixtmoxavde) 
tiimetMineyanint iodide 
XXXIX. 


C CH CH CH 




3 3 •Dleth>loxathl»r»tboc¥atloe Iodide 
(3 £tAifl-2 bemoraroleXZ t1hi/l i-benft/iKitoley 
(rkin>Ii>ineyan>n< \odxdt 

XL 

35489S, 1330) Ogata applied th«if method to 
the preparation of vanoua carbocyantnea 
and demonstrated the Tirtual tautomerism 
of this aeries ; whereas the dye prepared from a 
quaternary salt A and the intermediate from a 
salt B la identical with that prepared from the 
aalt B and the intermediate from A, the yields 
may be different He obtained better results 
with the acetamlido than with the anihno* 
iniemediate. By use of dimcthylquinohne, 
etc, be preparea carbocyanmes with an extra 
methyl group, which was Subsequently caused 
to react with p dimethylaminobenzaldehyde 
{Proc. Imp. Acad. Tokyo, 1932. 8, 119; Bull 
Inst. Phys. Chem. Res Japan, 1934, f3, 501, 619, 
549, 556). In preparing an indojuinazocarbt?- 
c^nvnt, Keudalius^ pyndme.miflacecif acetic' 
anhydride and potassium acetate (B,P. 426609, 
1933). The IG Farbemnd. A -G etatea that 
indoxacarbocyanines are especially good sen- 
sitisers (B.P, 442160, 1933) To prepare carbo 
cyanines containing an indoleiune nud^a, 
they condensed an aldehyde, auch as (XLI) 

/N. CMe, 

I [ ''c.CH-CHO 

1 3 S-TrlmcthillndoUne 2 mcthyUne-oi sldehjdc 
XLI. 

(B.P 438278, 1933), with a quaternary salt con- 
taining a reactive methyl group (or with the, 
corresponding methylene base), in the presence 
of & solvent and condensing agent (G.P. 436603, ' 
1933). 


Cyaninej utth Sudsfiluentt on the Chain ~~ 
The first recorded instance of a cyanine sub 
stituted oti the chain is the dmitro- denvatiie 
which Mills and Hamer obtained by treating 
2.2''Carbocyanme with nitric acid (JCS. lO.’O, 
IIT, 1550 ; Uamer, ibid. 1928, 3160), and the 
second is ittoeyanine, which will bo dealt nith 
in a later section. A direct sj-nthesis of 
the 10 phenyl 2 2'-carbocjanin<5 (XLII) v.as 


CO 


CHCPhCHl; 


lO-Pfienyl I I'-dlmcthyl 2 2' carbocianlne chloride, 
ill* (1 methyl 2 juoioime)^ TlienyUnmeiliineyaniite 

ehtoTide, 

XLII. 

effected by Fischer and Rosenhauer (Z angew. 
Cbem. 192'3,36, 330), and by Rosenhauer, Scbmidt 
and Unger (Ber. 1926, 59, 2356). by heating the 
methylene base from qumaldine mcthomethyl- 
sulphate with benzotrichlondo in alcoholic 
solution (c/. Ogata and Suzuki, Bull Inst.Pbji. 
Chem. Res. Japan, 1934, 13, 470) Hamer, by 
heating quaternary salts containing a reactive 
methyl group with etbjl orthoacetate m the 
presence of pyndme, succeeded in prepanog 
9 iMlhylthacaTboeyamnu (XLIII), tho results 


CH CMe CH ^ 

- / ^ 

NR RIN 

0 Methyl 3 3' dlahcytthiacarboonninelodiiie 
Hi* (S'Shi'i 2‘btnttk\aiott)^ nietlii/UnmilhintViinini 

XLIII. 

being negative with other typos of hetetooyclio 
bases (J.CS. 1928, 31C0). Subsequently 9- 
methyUbiacarbocyanmes were obtained from 
l-roethyl u- but not from 2-methyI ^ naphtha* 
thiazohum iodides (tbid 1029, 2598). lirooker 
and White, however, obtained a 9 ineth)l- 
thiacatbocyanina from 2 moth} I ^ naphtha- 
thoas/sVa, by uavng tho etho-ji tolwanewLlpWiaU 
' instead of the ethiodido of tho base. They 
prepared 9 nteikylstlenacarbotyanme and 9- 
melAjfioxaearbncj/antne by use of .1 2 methyl* 
bcnzoxBZoIiuni iodide, ethyl orthoacctatc, and 
tnethylamine in pyridine solution. They 
observed that O-mothylthiacarbocyanine is 
formed on heating a 2-inethyIben2fhiazobura 
salt with pynthnB only, and that this same 
method is appLcablo to salts of methyl a* 

and ^-naphthathiazoles, 2 methylbenzselenazole, 

and S-melhylbcnzoxaiole (J. Amer. Chem. Soc. 
1935, 57, 647). By condensing Lmethyl- 
benzthiazohum salts m tlio presence of pyridine 
•with various oitho-estcra, they prepared thia* 
carbocyanmes in which tbe central carbon atom 
of the chain earned an alkjl, aryl, or aralkyl 

group. Q-Eihyl- and 9 phtnyl-ttltnaearbocyanint 

and 9 ethyl oxacarbocyanine were also described 
(J, Amer. Chem. Soc. 1935, 67, 2480). ^\hite 
and Kodak Ltd. prepared 7*e(^yi«cf€n«oiiao' 
earbocyanines (B.P. 392410, 1931). and Brookef 



525 


CYANINE DYES. 


prepared T-ethyllhiazoUnocarbocyanines (J. Amer. 
Chem. Soc. 1936, 58, 662). Arranging the 
thiacarbocyanines in order of increasing wave- 
length of absorption maximum, Brooker and 
White found the 9-substituents to fall in the 
order Me, Et, H, Ph, and the 4:5:'4;5'- and 
6:7:6':7'-dibenzthiacarbooyanines and selena- 
carbooyanines were similar, but the oxacarbo- 
cyanines abnormal (J. Amer. Chem. Soc. 1936, 
57, 2480) ; the same order was later found for 
6;6'-dichloro- or -dibromo- substituted thia- 
carbooyanines (Beilenson and Hamer, J.C.S. 
1936, 1225). The I.G. Farbenind. A.-G. has 
patented weso-substituted oxa-, s’elena-, or 
thia-carbocyanines, which are variants of those 
described above, through having either more 
complex nuclei or nuclei carrying substituents 
(B.P. 396217; 402458; 410481, 1931; 415949, 
1933; 418745; 420971; 421015; 427887, 

1932; 432969,1933; 452408,1934). Although 
they have patented dyes prepared by the action 
of carbon tetrahalogenide on a methylene 
base derived from a methyl-indoleninium salt 
de,rive,d from. (XV)), or from tho 
corresponding 2 -methylbenzthia 2 olium or quin- 
aldinium salts, no formula is given (B.P. 373160, 
1931). Kendall and Ilford Ltd. patented the 
preparation of meao-substituted carbocyanines 
by using an imino-ether, R'0-CR:NH, instead 
of an ortho-ester (B.P. 404997, 1932) ; also by 
condensing a quaternary salt, containing a 
reactive methyl group, with an acid anhydride, 
in the presence of an acid-binding agent (B.P. 
369236, 1930). 

Ogata found the 9-methyl group of thiaoarbo- 
cyanines to be reactive : by treatment of a 
9-methylthiacarboojmnine with furfuraldehydc, 
benzaldehyde, or p-dimethylaminobenzaldehyde 
in the presence of alcohol and piperidine, he pre- 
pared the corresponding 9-furylvinyl-, 9-styryl-, 
or 9-p-diraethylaminostyrylthiacarbooyanine 
(XLIV) (Bull. Chem. Soc. Japan, 1936, 11, 262). 



3:3 -Diethyl-9-;j-dimethylamiDostyryltliiacarbo- 
cyauine iodide. 

Jiis-{Z-ethi)l- 2 -benztlriaz(!le)^-j!-dimethylaminostyrvl- 
trinietluncyamne iodide. 

XLIV. 

By making use of the ortho-ester of thiophen- 
a-carboxylic acid, the I.G. Farbenind, A.-G. 
prepared carbocyanines with an a-thienyl group 
in the irieso-position (B.P. 403845, 1932). They 
also introduced, into this position, groups such as 
cyclohexyl-, furyl-, or pentadeoyl-, by treating a 
benzoxazolium salt, containing the desired 
group in the 2-position, with sodium ethoxide in 
alcohol, followed by a quaternary salt containing 
a reactive methyl group (B.P. 439359, 1933). 
By means of ortho-esters, RS-CH 2 -C(OEt) 3 , 
the RS-CHj- group was introduced into the 
9-position of thiacarbocyanines, but neither this 
nor the introduction of alkylthiol groups into 


the rings improved either the photographic 
sensitising or the stabilising action of the parent 
dyes (Kiprianov, Suitnikov and Suitsch, J. 
Gen. ChenJ- Russ. 1936, 6, 576). 

The foregoing methods lead to meso-substituted 
symmetrical carbocyanines, but the I.G. 
Farbenind. A.-G., by utilising the alkyl e^ter of 
an arylated thioimide, ArN:CR-SR', prepared 
unsymmetrical carbocyanines with the sub- 
stituent B in the meso-position (B.P. 412309, 
1932). 

Konig, Kleist and Gotze, by condensing 
2-ethylbenzthiazole methiodide with ethyl 
orthoform^te, isolated a thiaoarbo cyanine 
(XLV), in which the two lateral carbon atoms of 
the chain bear substituents (Ber. 1931, 64, 1664). 



3:8.10:3'-Tetramethylthlacarbocyanlne salt. 

Bis-iZ-'mMyl-^-bemthiazole)ay-dimethyUrimethin- 
cyanine salt. 

XLV. 

The I.G. Farbenind. A.-G. applied such quater- 
nary salts, in which the reactive methyl group is 
replaced by — CH^R, to the preparation of other 
symmetrical and unsymmetrical carbocyanines 
with one or more R groups in the a-position in 
the chain (B.P. 405309; 411876, 1931), and also 
to oWining 2'-cyanines, e.g. XLVI, in which the 
nuclei are linked by rCIVIe* (B.P, 405309, 1931 ; 



8;G'-Dimethyl-3:l'-diethylthia-2'-cyamne iodide. 

(0-jlfeyiy!-l-c(fti/I-2-!jui?!oiine)(3-e(/iyi-2-6enz(/iia2Oie)- 
methylmcthincyanine iodide. 

XLVI. 

423792, 1932). G5tze, however, reported 
that when ethiodides of 2-ethylbenzthiazole and 
2-iodoquinoline are treated with alkali, the 
2'-cyanine is accompanied by an unknown dye 
(Angew. Chem. 1936, 49, 563). 

By heating the alko-p-toluenesulphonate of a 
base containing an alkylthiol group (or, alterna- 
tively, the isomeric thione) with cj/ciopentadiene 
and pyridine, Kendall prepared carbocyaiunes in 
which the three-carbon chain, joining the hetero- 
cyclic nuclei, itself forms part of a cyc/openta- 
diene nucleus. The method was applied to the 
preparation of carbocyanines from dimethyl- 
thiolthio-^^'-diazole, and of 2:2'-carbocyanines 
{e.g. XLVH). as well as of oxa- and thia- 



j-l'.Diinethyl-9:ll-vinylene-2:2'-carbocyanine 

iodide. 

j3is-(l-tnetliyl-2-quinoline)ay-vinylenetrimethin- 
cyanine iodide. 

XLVH. 
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carbocjanines. By using indene instead of 
^iopentadiene, an o phenylene group may be I 
introduced instead of Tinylene, and fbw haa been 
done with oxa ,thia., 2.2'., 2 2'.pyridQ,qamaK>-, I 
and 4.4'.pyrimido carbocyanines (e g. 
besides others containing tsio tbio ot thi^ ' 
<i;3'-diazolo nuclei. According to the nature of 



NEt 


NEtBr 


SIT'DiinethjItWol-l I'-diethil 5 7 o phenylene* 

6 S'-pyrlmidocarbocyanlne bromide 
C<t (2 RKtAifCtdiot 6 purimutinelay-o pAettytme* 
inmeiA inei/amnt bromide 

XLVIII. 

the nuclei, the compounds sensitise, or even 
desensitise, chloride or bromide emulsions, 
tho cyclisation of the chain has a bypsochromic 
effect (D.P 431142; 431187, 1033). 

iih'ear&oeyanines —Beattie, Heilhron and 
Irving condensed a heterocyclio ammonium 
salt containing a reactive methyl group (or the 
cottespondmg methylene base) with derivatives 
of bromo , chloro* or lutro malondialdebyde, 
or a suitable acialdehyde derivative, e o 
tho anil of a bromo anihnoacraldehyde, 
PhN CH CBrCH NHPh, either in pyridine in 
the presence of piperidine, or m acetic anhydride 
In the presence of potassium acetate ; they thus 
prepared cyanines in which the teo heterocyclic 
nucKi are linked by a five carbon chain, tho 
central carbon atom of which carries as sub 
etituent Br, Cl, or NOj As cyanines with a 
thceO'carhon chain hod been designated carbo 
cyaniaes,'' these new dyes were called “ dicarbo 
cyanines" By using alkiodidea of quinaldme, 
Iepidme,2 methylbcnzthiazole,2 3 3 tnmethyhn 
dolcninc,and2 methylbcnzoxazole.tberowereob- 
iained. respectively, meso subsMoUd 2 2'-, 4 4'- 
Ihia-, tndo; and oxa-dicarbocifamnes (e ff XLIX)’ 

R CH CH C(NO,)CH.CH 
CMe, 

Risj 1 ''C< ; R»18 


NMe 


XLIX. 

They found that whilst the balogenodiear* 
boejanines are sensitiscrs for tho deep red 
or near infra red, the corresponding nitrodi 
carbocyanmes possess desensitising properties 
(J.C.S. 1032. 260; cf. I.C.I, Ltd., lleilbron, 
and Irving, B P. 35J8S9, 1930). By the aetion 
of p anilinoacraldchyde ami, 

PliNH CH CH CH.NPh, 

in acetic anhydnde, on an cquimdecular 
quantity of a salt such as (XV), I.C I. LtJ , | 


Piggott, and Bodd isolated an intermediate 
compound, which, by condensation with a 
heterocyclic ammonium salt containing a 
reactive methyl group, gave a dicatbocyaiune 
with an unsubstituted five carbon chain. 
Where the two quaternary salts are the same, 
the resultant dyo is symractneal, where they 
differ it is unsyramctrical : e g the inter- 
mediate from (XV) with LmcthylbenztLiazoli) 
etbiodide gave (L), or, alternatively, this was 

R CH CH.CH CH CH R‘ 


NEtl 

: 3 3-Trlinethyl S'-ethyllndothiadlearbocyanlnc iodide 
(13 3 TnmeOiyl 2 tndolemne)(3 ethyl 2 beruthiaeoteh 
pentamelbinei/anine iodide. 

L. 

prepared from tho intermediate obtained from 
2 methyibenzthiazole ethiodide, together uith 
(XVI) (BP. S55603. 1030). For prepanug 
dicarbocyanmo intermediates, the I G. Farbcn- 
ind. A G. found it advantageous to use an 
organic base, m alcohol, as condensing agent; 
thev recorded tbe absorption maxima of many 
eucb intermediates, and the sensitising and 
absorption maxima of various tyroea of va- 
tymmelnail dicarbocyan\ne$ prepared from them 
(BP 434234; 434235, 1933) They have 
patented various substituted dicaibocyanuics, 
including dyes carrying one or more methyl 
groups on tho chain (B.P 886204; 894537, 
1931; 427687, 1032, 45240S, 1934} and others 
ar« described by Beilcnson and Hamer (J C 6 
1036, 1225). Kendall and Ilford Ltd. used 
propargylaldebydo acetal, or its derivatives, 
for condensing with quaternary salts containing 
reactive methyl groups, to furnish tho three 
central carbon atoms of the dicarbocyanmo 
chain (B.P. 390808, 1931), and prepared a 
thiadicarbocyanine by heating 2-niBthylthiol 
benzthiazole metho p toluenesulphonato with 
sorbic anhydride in the presenco of pyridino 
(B P. 431166, 1933). In Ogata’s preparation cf 
dicarboeyanines by heating a caiboeyanmc 
intermediate, eg. (XXXV), and a quaternary 
ealt (XV), with orthoformic eater and acetic 
anhydnde, the course of the reaction is not clear 
(Proc. Imp Acad. Tokyo, 1934, 19, 572). 

TricarbocyamneA. — Tncerbocyanines, m which 
the nuclei are linked by a seven carbon chain, 
were described by three acts of workers. Wahl 
and the I G. Farbemnd. A -G. condensed (XV) 
or (XVI) with (o) a compound such as 2 4 
dirutrophenylpyndinium chloride (LI), or (i) the 
dye (LII) obtained (by ZmeUo and Wurker, 
Annalen, 1907, 338, 107) by treating (LI) with a 


NOj 


0 “' _ 

2 1 Dlaitroplicn3lp>ri(llnliini chiMlilc. 


;NO, 
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Me /Ph 

^NCHiCHCHiCHCHiN^Me 
Ph"^ ^C1 


5-Jreth5'lanilino-l-phcnyliminomcthochIoride-A*:^- 

pentadicne. 

Eli. 


base such as methylaniline. With equimoleoular 
proportions, in acetic anhydride, (LIII) resulted. 
But 2 mols. of quaternary salt to 1 mol. of (LI) or 
(LII) gave the indolricarhocyanine (LIV) (G.P. 


MePhNCH:CHCH:CHCH:CHRi 

G-Methylanilino- Ai-'3:5-hexatriene-3':3'-dimethy- 
lindolenyl methiodide. 

LIII. 

R:CHCH:CHCH:CHCH:CH-R‘ 


R is 



CMe, 

\ 

C< 

/ 

NMe 


CMe, 


RMs 


\ 


2 


c- 


\/^^NMel 


l:3:3:l':3':3'-HexamcthyUndotricarbocyanine iodide. 
Bis-{\\^:Z-trimethvl‘2-indolenine)heptameUiincyanine 
iodide. 


LIV. 


499967, 1928). I.C.I. Ltd., Piggott, and 
Rodd also condensed (XVI) with a compound of 
type (LII) to give (LIV), which they observed 
to be a sensitiser for infra-red light (B.P. 
355693, 1930). Fisher and Hamer prepared 
dyes by use of (LI) or a compound of a type 
similar to (LII), prefe:ably the latter, carrying 
out the reaction in alcoholic solution in the 
presence of caustic alkali ;■ the generality of the 
method, in that various quaternary ammonium 
salts containing a reactive methyl group are 
applicable, was pointed out, and the sensitising 
properties for infra-red light were noted. There 
were prepared thialricarbocyanines (LV), in- 
cluding those containing a- and )5-naphtha- 
thiazoie nuclei, selenatricarbocyanines (as LV, 
but Se for S), Ihiazolinoiricarbocyanints, and 
2:2’-lricarbocyanines (LVI). The indotricarbo- 


RhCHCH:CHCH:CHCH:CHR2 



2:2'-DiaUcyItluatricarhocyanine iodide. 
llis-(2-aUi/l-l-benzthiazole)heptamethi7ici/anine iodide. 

LV. 


RhCHCH:CHCH:CHCH:CHR'' 



l:l'-Dialkyl-2:2'-tricarbocyanine iodide. 
diis.(l.alkyl.2-qmnoUne}heptamethinei/anine iodide. 
LVI. 


cyanine (LIV) was obtained by use of acetic 
anhydride and sodium acetate (J.C.S. 1933, 189). 
Brooker and Kodak Ltd., by using triethyl- 


ainine, etc., instead of caustic alkali, for con- 
densing an intermediate of type (LII) with 
the appropriate quaternary salt, succeeded in 
preparing Ihiazolotricarbocyanines and 4:4'- 
tricarbocyanines (Xenocyanine) (LVII) (B.P. 

RiCHCH:CHCH:CH-CH:CHR- 



l:l'-Dlalkyl-4;4'-tricarbocyanine iodide. 
Bis.(l.alklil-i-quinaline)heptamet!iincyanineiodide. 

Lvn. 


436941 ; 437017, 1933). Brooker, Hamer and 
Mees published spectrograms illustrating the 
sensitising action of tricarbocyanines (Phot. J. 
1933, 73, 258) ; as did also Dieterle, Diirr and 
Zeh, who pointed out that various types of di- 
and tri-carbocyanines had been independently 
prepared in Germany, chiefly owing to the work 
of Konig, and put into commercial use (Z. wiss. 
Phot. 1933, 32, 145). Certain more complex, 
or substituted, tricarbocyanines have been 
described (I.G. Farbenind. A.-G., B.P. 38820^ 
1931 ; 45^08, 1934 ; Beilenson and Hamer, 
J.C.S. 1936, 1225). As a tricarbooyanine inter- 
mediate, Kendall found 2-benzoxazolylpyridin- 
ium chloride, prepared from 2-chlorobenzoxazole 
and pyridine, to be preferable to (LI) (B.P. 
424264, 1933). Brooker and Kodak Ltd. 
patented the preparation of tricarbocyanines 
by interaction of a quaternary heterocyclic 
ammonium salt, containing a reactive methyl 
group, with an alkiodide of 2-iodo-pyridine or 
-quinoline, in pyridine solution (B.P. 435252, 
1933). 

By making use of an intermediate, similar to 
(LII), but prepared from a suitably substituted 
pyridinium salt, the I.G. Farbenind. A.-G. 
synthesised tricarbocyanines carrying a methyl 
group on the chain (B.P. 394537, 1931). 

CorbeUini and Fusco halogenated anils of type 
(LII) and used these to make tricarbocyanines 
with a halogen atom on the ehain, and found 
these dyes to be as good sensitisers as the 
parent dyes (Rend. Ist. Lomb. Soi. Lett. 1935, 
[ii], 68, 961). Dieterle and Zeh record, on the 
other hand, that tricarbooyaiunes carrying a 
y-acetoxy group on the chain (I.G. Farbenind. 
A.-G., B.P. 441624, 1933) (see also under tetra- 
and penta-carbocyanines) are less good sensi- 
tisers than the unsubstituted compounds (Z. 
wiss. Phot. 1935, 34, 245). To prepare tri- 
carbocyanine intermediates, similar to (LIII), 
the I.G. Farbenind. A.-G. found an alkaline 


meamm aavantageous ; they recorded the 
absorption maxima of several such inter- 
mediates, and the sensitising action of various 
unsymmelrical tricarbocyanines prepared from 
them (B.P. 438449 ; 438450; 438484, 1933). 

Comparisons of Series.— In the indo- series, 
Kuhn and Winterstein found that the tricarbo- 
cyanine is the most easily reduced, the dicarbo- 
cyanine less readily, and the carbocyanine still 
less readily, the cyanine being the most resistant 
(Ber. 1932, 65, [BJ, 1737). In the 2:2'-, 4:4'- 
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indo-, oxa*, pyridov thia-, thiazolino- and thia* 
zolo- eenea, Ogata tabulated the melting point 
of the corresponding carbo*, dicarbo. and trt< 
carbo-cjaoine, and the Bcnsitbing maxmtuzn of 
each : be found the latter to be ehiAed regolarly , 
tovards the red on lengthening the polymeUim 
chain. He alao compared the yields Tchen coiie- 
iponding carbo-, djcarbo- and tricarbo cyanines 
are prepared by uae of the appropriate aiw in an ' 
acm or alkaline medium respectively (Proc. 
Imp. Acad. Tokyo, 1932, 8, 421 ; 1933, 9. 602, 
Bull. Inst.Phys. Cbcm. Res. Japan, 1934,13, 528; 
Ogata and Kimura, liid. 1934, 13, 537). The 
optical and photograpbic properties of typical 
cyanines were studied by Bloeb and Hamer 
{Phot. J. 1928, 68. 21 ; 1930, 70, 374) Fisher 
and Hamer compared the frequencies of i 
maximum absorption of methyl alcoholic sola- ' 
tions of the cyanine, carbo-, dicarbo- and tri. 
carbo-cyanine of various aymmetneal types, 
correlating frequency changes with changes m 
chemical constitution ; e ff the values of the 
frequency-decreases, caused by each successive 
lengthening of the chain ]oinmg the nuclei, 
became smaller with increasing length of' 
chain (Proc. Roy. Soc. 1930, A, 154, 703) ' 

Tetro- and Fenla earioeyaninn — Somewhat 
as the pyndimum nucleus of (LI) had been 
ruptured to give the open-cham compound 
(Lll), 80 KOnig had ruptured the furfural 
pacleus, by treatment with an aromatic base, 
to give (eg) (LVIII) (J. pr Chem. 1905, 
(ii), 72. 555} and that of furylacrolem to 
give (eg.) (UX) (n»l) (liid. 1913, (u), 88. 193) 

[PhNH CH CH CH C(OH)CH NPhjHBr 


R-CH.CH-CH C(OH) fCH CH]„CH R‘ 
H,C— CH, H,C— CH, 

H,C'^ H,C^ ^Br< 




R‘i9 


LIX. 


Subsequently, Kfinig (with lloy, Schulze, 
Silberlcweit and Trautmann) prepared corre- 
sponding dyes with nine- and eleven membered 
carbon chains (LIX, n»2 and 3, respectively), 
by mptcre of the nuelei of E-furyl-A^^-penla. 
diene-l-al and T-fury] A®^®-hcptatnene l-al 
respectively. These dyes are unstable, the 
instability increasing as the chain a lengthened. 
By acylation (or benzoylation), with an acid 
anhydride or chloride in the presence of pyridine, 
the stability is, however, increased', the pre- 
paration of compounds such as (LX) (where n» 
0, 1, 2 or 3) made possible the preparation of 

R CH CH CH C(OAc) [CH.CH]„CH.R‘ 
H,C— CH, H,C— CH, 

H,C H,C^ )lBr< 

Ris ^ ^ ; R*)s 

LX. 

evamnes tr 

chains (Bi 

Farbcnind. A 0. has patented such cyanines, 
with a chain of at least seven carbon atoms, and 
describes them as excellent acnaitiscrs to infra- 
red light; the examples include 10 aceloxythia* 




ICS m which the nuclei aro joined by longer 
1 (Ber 1934, 67, 1274) The 10. 






C.CH'CH C(OAc)CH CH CH.CH C 


5 


ClO^Nfde^' 




lO-Acetoxv-O S'-dlpheoyl 3 S'-dimetbyllhlstrlcarbocvanlDe perchlor.vte 
8u-<S-pAmvl 3 tenrtltuuokfy^cftojyAfptai/ieUinetanlnfpereAlfirale. 

hXl. 


CH CH.CH CH C(OAc)CH CH CH CH 



13-Aectox}'*l r-dJrorthvl 4 t'-tetracarbocyaclne perchlorate 
£it (t-tnMiri-i-fti;^ine)i-aeetOTinimiamttAineyantM pfre/t/oraU 


LXII. 


cn». 


CH CH CH.C(OAc)CH CH'CH.CH CH CH 



1 J-Awtosy-l'l'-dlmethyl t Z’-pentaeatOccyaiilae peteWorate. 

pereM^mle. 

LXUI. 
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tricarbocyanines (e.g. LXI), 12-acetoxy- (or 
12-benzoxy-) thiatetracarbooyanines and the 
corresponding acetoxy- indo-, selena-, and 4:4'- 
tetracarbocyanines (e.g. LXII), also 11-aoetoxy- 
thia- and 13-acetoxy-2:2'-pentacarbooyaninea 
(e.g. LXIII) (B.P. 441624, 1933). 

Brooker and Keyes have published spectro- 
grams showing the sensitising action of such 
tetra- and pentacarbocyanines, by means of 
which the furthest photographic exciursions into 
the infra-red have been made (J. Franklin Inst. 

1936, 219, 255). For descriptions of the 
sensitising action of dyes of this type, having 
chains of various lengths, see also Dieterle and 
Zeh (Z. wiss. Phot. 1935, 34, 245). 

More recently Dieterle and Eiester have 
succeeded in synthesising tetra- and penta- 
carbocyanines not substituted in the chain ; 
these are more powerful sensitisers than their 
acetoxy-substituted derivatives (Z. wiss. Phot. 

1937, 36, 68, 141). 

apoCganines. — ^By heating quinoline alkiodide 
with caustic alkali in alcoholic solution, Kanf- 
mann and Striibin obtained as chief product a 
red compound, erythron^ocyanine, together with 
some yellow compound, xanthoaipocyanine ; 
these were unlike the other cyanines then 
known, in being more stable to acid (Ber. 1911, 
44, 690; cf. G.P. 154448, 1903). Konig for- 
mulated them as (LXIV)and (LXV) respectively. 



iodide. 

LXIV. 



l;l'-Diethyl-S:2'-apocyanine iodide. 
(l-Bthi/l-2-quinoline)(l-ethyl-3-quinoUne)a^oc!/anine 
iodide. 

LXV. 

but without giving any evidence (Ber. 1922, 55, 
[B], 3293). The formulse were, however, 

proved to be correct by Mills and Ordish, who, 
by the action of potassium permanganate on the 
erythroapocyanine from quinoline ethiodide, 
obtained the same oxidation product as Kauf- 
mann and Striibin, and, regarding the product 
as the diethiodide of a diquinolyl, they repre- 
sented the reaction thus : 

(CisHiaNjEtj) 1 -)- 1 2= (CjjHijNaEy Ij-t- H I 

By analogy with other cyanines they concluded 
that the only two diquinolyls possible were those 
having the 3:4- (LXIV) and 3:2-linkinga (LXV) 
VoL. III.— 34 


respectively, thus supporting Konig’s formuloe. 
Their views were confirmed by the synthesis 
of 3:4'-diquinolyl and the demonstration that 
its diethiodide is identical with the product 
obtained by oxidising erythroopocyanine with 
iodine (J.C.S. 1928, 81). 

Neocyanines. — Clarke and the Eastman Kodak 
Co. observed that when lepidine ethiodide is 
treated in alcoholic solution with iodoform and 
alkali, there is formed, in addition to the 4:4'- 
carbocyanine (VIII), a less soluble dye giving a 
green solution (U.S,P. 1804674, 1931). This 
compound, neocyanine (or " allocyanine"), sen- 
sitised further into the infra-red than any dye 
then known (Dundon, Schoen and Briggs, 
J. Opt. Soc. Amer. 1926, 12, 397 ; Babcock, 
Nature, 1928, 121, 830). Hamer found that 
neocyanines also accompany (VIII) when 
lepidine quaternary salts are heated with ethyl 
orthoformate in the presence of pyridine ; by 
varying the conditions, the formation of one dye 
at the expense of the other could be favoured, 
and a 40% yield of neocyanine was thus 
obtained. It was sho'ivn analytically that the 
molecule contains two iodine atoms, three 
lepidine residues, and either one or two extra 
carbon atoms ; on the basis of one extra carbon 
atom, a formula was postulated (J.C.S. 1927, 
2796; 1928, 1472). Ogata described similar 
dyes in which the three lepidine nuclei 
are replaced by quinaldine or a-picoline nuclei, 
and studied the effect of various reagents upon 
neocyanine formation (Proo. Imp. Acad. Tokyo, 
1932, 8, 503 ; Bull. Inst. Phys. Chem. Res. Japan, 
1934, 13, 491 ; Ogata and Tamura, ibid. 475). 
Of these reagents, succinic acid proved interest- 
ing, and he obtained a neocyanine, in 1% yield, 
by heating 2-methylbenzthiazole ethiodide with 
succinic acid and ethyl orthoformate, and also 
prepared a neocyanine from l:2-dimethyl- 
benziminazole methiodide (ibid. 1934, 13, 497). 
Meanwhile Brooker and Kodak Ltd. had 
observed that when a 2-methylthiazolium salt is 
heated with ethyl orthoformate, in the presence 
of pyridine, it behaves as does a lepidinium salt, 
in that the carbocyanine is accompanied by a 
dye of the neocyanine type, which is, in some 
instances, the main product ; although the 
neocyanine is usually less soluble than the carbo- 
cyanine, the contrary is sometimes true. They 
postulated a formula for their neocyanine in 
which two acid radicals, three residues of 
methylthiazole, and two extra carbon atoms 
are involved (B.P. 408272, 1931 ; 408273, 
1932). In Konig’s formula for neocyanine, 
which may be simplified into (LXVI), the 
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number of extra carbon atoms is tiro; bei 
regarded it as a substituted dicarbocyanina (Z. ' 
visa. Pbot. 1935, 34, 15). From the absorption 
maxima of 4 4'>carbocjanJnc, 4 4' dicsrbo - 1 
cyaiune, and ncocj'anine, Hamer is of opinion 
that the last maj be regarded more correctly as 
a substituted catbocyamn© (Cbcm. and Ind. ! 
1935, 13, 640). 

Azaeyanines — Starting from S-ammoqutnobne ^ 
and 2-cUoroqulnoline, Hamer synthesised the 
2 2'-ajacyanine (LXVII) (then called “22'- 
ajocyonine m which the Unking between the; 
two quinoline nuclei is not by .CH but by :N . 

on-Qo 

I'l'-Dimeths! 2 2''Sia«yanin« Iodide I 

Bu (1 2 ruinciinrlammrtAtncvantac 

LXVII. I 

It differed from the cyanines in that it was not 
decolorised by acids (J C S 1^4, 12S, 13t8}. 
Fuchs and Grauaug synthesised carbocyanine 
analogues, m which the chain CH CH CH- u 
replaced by .N N CH , by condcoainga betcro- 
cyclic aldehyde («p quinolme-2 aldeh^emetbo* 
perchlorate) with the hydraione of a hetero- 
oyebo ketone (eg 3 ethyl 2 benztluazolone 
hydrazone). They prepared twodyes containing 
one benzthiazole and one quioobne nucleus 
(LXVIII), one with two benzthiazole nuclei, and 
one with a, pyridine and a benzthiazole nucleus 


I CNNOHC 


3 I'-Plalkyl 8 9-dfazathU 2 -catbocianliie 
perchlorate 

(l-AUA 2-tu>/ioliniX3-aUyl''.l-tf7Ut^iatoU)fiy- 


They noted that the colours of these dyes 
in solution vary from yellow to deep im, 
and they all act as photographic desensitisers 
(Bee. 1928, 61, tB], 57). 

Kendall, by condensing a quaternary betero- 
eyebo ammonium salt, containing an NH^ 
group in the o> or y^position. with a aimilar aalt, 
contaimng a reactire alkylthiol group or iodine 
atom, prepared Tanous 2 4'-, 4 4'-, oxa-y thxa-, 
Mi< 2 - 2 '-, and rAia*4'-azdcyanin<e, When instead 
of a quaternary salt containing an NH* group, 
the corresponding base (e g. 2 ammobenzUu- 
azole) was eabjected to such a condensation 
(e g, with a 2-methyIthiolbenztbiazoIo quater- 
nary salt), a base, e g. (LXIX), was obtained, of 

3‘'MetbyI 3 beaithUzolylldeaeatnlnobenztblaxole, 
LXIX. 


which *ho thia azacyanine is the quaternary salt. 
By eondensing a heterocyclio nitrogenous base, 
containing an o-NH, group aa substituent, 
with ethyl orthoformate, Kendall obtained sub- 
stitotcd formamidmes, e g 2 aminobcnzthiazolo 
gave (LXX), which could be converted into (he 
<ltaz<iifc»<icar5oegaftut« (LXXI). Treatment of a 
^ S S 

rr \ / " 

CNHCH.NC 

2 2'-DlbenzthIaiolytformamldlnc. 

LXX. 

Cl X) 

NMe MelN 


Lxxr. 

2 aminobcnzthiazolium salt with ethyl ortho- 
scetato and pyridine gave the 9 methyl derirs- 
tiT© of <LXXl) Kendall noted that ILXVH), 
(LXVIII). and their analogues, and also bases 
sucb as (LXIX) and (LXX), act as sensitisen 
to gelatine chloride photographic emulsions 
(DF 447038, 447109. 1934; 456419. 1935} 
He has postulated the theory that a aubatituted 
ammo group haa the power of mcroaaing the 
sensitising action of a cyamne dye when intro 
ducod in auch a position that the carbon chain 
between it and one of the original nitrogen atoms 
13 odd as opposed to oven; aimuatly the 
sensitising properties of (LXXI), as contrasted 
with the desensitising properties of (LXVIII), 
ore attributed to rc^acement by an odd- 
numbered of an cven-numbored carbon chain 
(Proo- Ninth Intemat Congr. Phot. 1935, 227). 

^finttion of a Cyanine — A cyanmo n 
characterised by possessing two heterocyclic 
nuclei containing nitrogen j one of these 
nitrogen atoms is tertiary and the other quater- 
nary and they are united by a chain of con- 
jugated double bonds, bo that tho number of 
carbon atoms in the chain is necessarily uneven ; 
ono or more :CH- groups m the cham may be 
replaced by one or more nitrogen atoms. 

Campoundt related to the Cyanines — The above 
definition excludes certam types of compounds, 
which are aometimes described together with 
cyaOinea. Such are the following : (a) com- 
pounda in which both mtrogen atoms are 
quaternary and the chain consists of an even 
number of catbon atoms, (6) styryl compounds, 
to which typo the BensitiBerFiaa^tarof belongs 
and to certam members of which type K5mg 
(Z. wiss. Fhot. 1935, 34, 16) assigned the name 
“ aeinicyanine#,'’ (e) the related anils, which are 
usually descnaitisera. and (d) dyes prepared by 
condensing certain cyamne intermediates with 
compounds containing a reactive cyclic or non- 
^clic methylene group. 

Komenclature of the Cyanines —According to 
the historical treatment adopted in the present 
article, each point of nomenclature has been 
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dealt with as it arose, so that the system which 
has grown up in the British and American 
h'terature has been made clear. As it requires 
acquaintance with such a large number of 
group names, it is, however, far from satisfactory ; 
the cyanines are now revealed as comprising a 
far greater number of different types than was 
originally contemplated, and the nomenclature 
has also been complicated by the fact that some 
of the simplest members were not amongst the 
first to he prepared. Konig pointed out the 
inconveniences attaching to the use of these 
group names, and proposed a systematic nomen- 
clature (Ber. 1922, 55, [B], 3293), which has, 
however, proved cumbersome in actual use. 
The system denoted in the 1936 edition of 
“ Beilsteins Handbuch der organischen Chemie ” 
(which deals with the literature up to 1910) 
has the great advantage that, once a few simple 
principles have been laid down, each and every 
cyanine can be named systematically. Such 
principles are as follows : (1) the above 

definition of a cyanine (which is narrower than 
that of BeUsteui\ is. taken. •, each ring ia 
denoted b}' its usual description and numbering 
(following Richter’s “ Lexikon ” and the 
“Journal of the Chemical Society ’’),and the posi- 
tions of linking are indicated ; (3) the number of 
methenyl groups linking the nuclei is denoted by 
apo (for none), methin, trimethin, pentamethin, 
etc.; (4) the presence of -.N- replacing iCH- 
in the chain is denoted by the term aza, which is 
already in use in international nomenclature 
for :N' replacing ;CH in a ring. Below tho 
graphic formula of each cyanine in the present 
article has been given the name at present 
accepted, whilst below that, printed in italics, has 
been added the systematic name as arrived at 
from the principles formulated above. 

E. M. Bf. 

CYANOGEN v. Cvanides (this voL, p. 503). 

CYAN0MACLURIN,Cj5Hi20e. Acolour- 
less crystalline compound found in Jak-wood ; 
it is fairly readily soluble in water and gives a 
colourless precipitate with basic lead acetate 
and a violet colour with ferric chloride. When 
fused with alkali it gives jS-resorcylic acid and 
phloroglucinol. The penta-acetyl derivative, 
CjjHjOjACj, has m.p. 136-138°. the pmta- 
benzoyl derivative, m.p. 171-172°. Cyanoma- 
clurin is probably a reduction product of 
morin (Perkin, J.C.S. 1905, 87, 715). 



OH CHj'' 

CYANOPHORIC GLYCOSIDES. A 

considerable number of glycosides have been 
isolated from plants which yield hydrogen 
cyanide when hydrolysed, whilst the formation of 
hydrogen cyanide by a plant is attributed to the 
presence of a glycoside. The most interesting 
of these is amygdalin (q.v.), which contains the 
sugar gentiobiose, as does also lotusin from 
Lotus arabicus. Vicianin, from the seeds of the 
wild vetch, contains the disaccharide vicianose. 


Cyanophoric glucosides are prunasin, pmlaura- 
sin, sambuoigrin, dhurrin, gynocardin, linamarin, 
hiptagin. 

A fit c>f plants containing hydrogen cyanide 
compiled by Greshoff (Rep. Brit. Assoc. 1906, 
138) and another by Rosenthaler (Chem. Zentr. 
1919, iii. 274; 1930, ii, 932) enumerate 

360 varieties in 148 species and 41 families. 
In general the presence of hydrogen cyanide 
in plants appears to be incompatible with that 
of alkaloids and terpenes. The amount of 
oyanophoric glycoside varies according to the 
conditions- Linseed, which contains linamarin, 
produces considerably less hydrogen cyanide 
when grown in this country than in the Orient, 
where it is grown under conditions of drought 
and high temperature. The cyanophoric glyco- 
sides are hydrolysed by acids and by the 
specific enzymes which accompany them in the 
plants, most of them are attacked by emulsin. 

E. F. A. 


CYAN UR 1C ACID v. Cyanides (this vol., 
p. 506). 

CYCLAMIN.. m.p. 251°, 

[a]j, — 23°> the saponin glycoside present in 
cyclamen tubers (Cyclamen eiiropaeum). Accord- 
ing to Pafert (Ber. der Pharm. Ges. 1926, 
264, 409 ; 1930, 268, 289), it is hydrolysed 
to the aglucone, cyclamiretin, GviTTsoOj, 
glucose (3 mols.) and i-arabinose (2 mols.). 

^ E. F. A, 

opoCYCLEN E. 


HjC— CH— CH, 

I 1 

! CMej 


Hc'- 


-CH 


CH 


apoCycleiie, CgHj^, m.p. 42-5-43°, b.p. 138- 
139°/764 mm., 0-871, 1-43144, is formed 

when caiophenilyl chloride (I) is heated with 
diethylanihne or when camphenilol (II) is 
digested with potassium hydrogen sulphate at 
180-190° ' (Komppa and Roschier, Annalen, 
1922, 429( 187 ; Gratton and Simonsen, J.C.S. 


HgC— CH— CMe„ 


CH, 


HgC— CH— CHR 
I. R=C1,- II. R = OH. 


HgC— CH— CMe, 

I 

CHj 

HjC— CH— CrN-NHg 

III. 

1935, 1621 : Komppa and Kyman, Ber. 1936, 
69, [B], 338), Since it is stable to potassium 
permanganate it can be readily purified. Accord- 
ing to Nametkin and Alexandrov (Annalen, 
1928, 467, 191), it can be conveniently prepared 
by heating camphenilone hydrazone (III) with 
mercuric oxide and alkali. 


J. L. S. 
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CYCLENES (CYCLIC OLEFINS), 
These substances do not for the most part occor 
naturally, although the monocyclic lerpenes 
must bo regarded aa members of the group. 
They can, honever, readily be derived from 
various simple dcnvatives of the saturated 
cjcljc hjdrocarbons (cyclanes). Slono-, di-, 
tri , and tetra olefinic members of the group 
are known; also different senes of cj clones are 
to be distinguished according to tho number of 
carbon atoms forming tho ring. 

Mono*ole^ns. — The number of known mono- 
olefinic cj clones is very large, and the various 
senes represented by these compounds range 
from that in which the ring contains four carbon 
atoms (cyc/obutenea) to that in which it contains 
seventeen carbon atoms (eyelobeptadecenes). 


CH,- 


^CH 


HjC \ H,C 

1 CH 1 
H,C / H,C 


CH, 


II 

. CH 


cyctoBulrae. eyctePsntene 
^CH 

cyeloHeptidsccne 


I The members of the different senes arc \is\iallj 
derived from cyclic alcohols, which in turn are 
derived by reduction of the corresponding cyclic 
ketones The alcohols are dehydrated directly 
by warming them or refluving them with small 
or la^cr amounts of suitable dehydration- 
catalysts (hydrobromic acid, iodine, zme 
chlonde, sulphuric acid, etc.) or by passage of 
their vapours over suitable contact catalysts 
(alumina, kaolin, etc ) heated to appropriate 
temperatures , alternatively, they are converted 
mto the corresponding chlorides or bromides by 
treatment with halides of hydrogen, phosphorus 
or sulphur, and thence into the cyclic olefins 
by the action of boiling alcoholic caustic alkali, 
boding qomohne or other basic reagent, or less 
commonly by the passage of their vapours 
over suitable heated dehydrohalogenation 
catalysts In the eyefohexeno senes, honeicr, 
the requisite alcohols can frequently be denved 
in quantity by catalytic hydrogenation of the 
corresponding phenols (Sabatier Senderens pro- 
cess), and hence eyefohexene and its simpler 
alkyl denvatives may be prepared relatively 
cheaply on a commercial scale. In the case of 
certain dialkyl eyefohexenes (mentbenes) the 
mono olefinic hydrocarbons may bo obtained 
by the partial bydrogenation of di olcfimo 
terpenes (mentbadicnes) 

The mono olefime cy denes are volatile liquids 
of petroleum like odour and m their physical 
and chemical properties closely resemble the 
open chain olefins. Certain physical properties 


Mono ovknnic Cvclenes 
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__ 

Pentene 
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— 
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of the more important cyclenee are given in the 
table (p. 532). The most important of the simple 
cyclenes are cycZopentene and cyclohexene, 
which are respectively the parent compounds of a 
large array of alkyl- and polyalkyl-cyclopentenes 
and -cyclohexenes. The alkyl- and polyalkyl- 
derivatives of both series are almost invariably 
obtained from the corresponding alcohols or 
their halogen esters by the methods mentioned 
above. Allied to the cyclenes and resembling 
them in methods of formation and in chemical 
behaviour are the alkylidene-cyclanes of general 
formula, (CH2)„>C=CRR'. 

cyAoPropene is reported to be formed together 
with other products by heating barium pyro- 
mucate, and cyclobutene by the distillation of 
trimethyl-cyclobutyl-ammonium iodide, but the 
identity of both products appears to be some- 
what uncertain. 

cyclofferenc is a tj-pical cyclene and is prepared 
on a large scale bj’ dehydration of cyclo- 
hexanol. When the latter (400 g.) is heated with 
concentrated sulphuric acid (12 c.c.)at 130-140°, 
and finally at 150°, cyclohexene distils (Organic 
Syntheses, V, 33). The crude hj'drocarbon is 
washed successively with alkali and with water, 
and is then dried and distilled (jdeld, 78-87%). 
cycloHe.xene reacts with chlorine, bromine, 
hypochlorous acid, and hydrogen (in presence of 
Pt or Pd) to give the corresponding chloride, 
bromide, chlorohydrin, and cyclane respectively, 
and it is o.xidised by alkaline permanganate to 
adipic acid. On long treatment with oxj’gen it 
gives a 0-75% jdeld of the peroxide C5HJJO2, 
together with a syrup which is probably the 
dimeric peroxide (Stephens, J. Amer. Chem. 
Soo. 1928, 50, 568), a much larger yield (20%) 
of practically pure peroxide is formed when it is 
irradiated in presence of oxygen (Hock and 
Schrader, Natunviss. 1936, 24, 159). This per- 
oxide gives, (o) wdth 2A’'-sulphuric acid, cyclo- 
hexanediol, m.p. 104° (50% yield), and cyclo- 
pentene aldehyde (10-20% yield), and (6) udth 
concentrated caustic soda, A'-cycZohexen-3-ol, 
which also is produced by reduction of the 
peroxide udth sodium sulphite (Hook and 
Schrader, l.c.). “With a 7% or a 20% ethereal 
solution of peracetic acid cyclohoxene yields 
cyc/ohexene oxide, CjHjoO, which is hydrated 
to the trans glycol, m.p. 103°, by sulphuric acid 
(Arbusov and Jlichadov, J. pr. Chem. 1930, 
[ii], 127, 92) ; wdth lead tetracetate it yields 
l:2-diacetoxycyc?ohexane, 3-acetoxy- A*-eyc/o- 
hexene, as well as 3:3- and 3:6-diacetoxy-A*- 
cyclohexene (Criegee, Annalen, 1930, 481, 263 ) ; 
with liquid sulphur dioxide in presence of a 
catalyst (HoOj) it yields a polymeric sulphone 
(Frederick, Cogan and ilarvel (J. Amer. Chem. 
Soc. 1934, 56, 1815). HTien its vapour, mixed 
wdth carbon dioxide, is passed over finely divided 
nickel at 180° it undergoes disproportionation to 
yield a mixture of benzene and cyclohexane : 

^^6^10 6d"2C0Hi2 

(Boeseken and Sillevis, Proc. K. Akad. Wetensch. 
Amsterdam, 1913, 16, 499), and when it is 
treated wdth aromatic hydrocarbons in presence 
of anhj’drous aluminium chloride, addition of the 
former occurs at the unsaturated centre of the 


cyclene (Bodroux, Compt. rend. 1928, 186, 
1005) : 


CeH,„-f-CH3C,H, 

C6Hio+l:3:5-CeH3(CH3)3 




■^6*^ll'^6^3(^^3)2 

C6Hji-CgH2(CH3)3 


Polymerisation of cyclohexene to the dimeric 
stage (cyclohexyl-cyclohexene) can be effected 
with phosphoric oxide (Truffault, Compt. rend. 
1935, 200, 406), and to di-, tri-, tetra- and 
poly- meric stages wdth boron trifluoride (Hof- 
mann, Chem.-Ztg. 1933, 57, 5). 

Di- and poly-olefms. — ^Themost important 
of these are cyclopentadiene, which occurs in the 
forerun of benzene from coal tar, and the 
monocyclic terpenes, various of which are 
contained in the essential oils of a number of 
plants . All other members of the group, whether 
containing five-carbon, six-carbon, or higher 
rings, are obtained by synthetic means. With 
the exception of cyclopentadiene and the 
naturally-occurring terpenes (menthadienes), 
they are almost invariably prepared by the 
removal of hydrogen halide from dihalogeno- 
cyclanes, dihalogeno-cyclenes, or cyclic dihalo- 
geno-dienes, either directly by the action of 
alkalis, e.y. : 


CH 


HjC 
HjC 


2 


CHBr 

I 

CHBr 


\ / 

CHj 

eyefoHexene dibromide. 


CH 


NaOEt 


HX 


CH 

I 

CHOEt 


CH, 


Heat 


HX 


CH 

' V 

CH 


HjC CH 
CH 

A^'^-ci/cloHcxadicne. 


or more usually by the exhaustive methylation 
method of Hofmann. According to the latter 
method the halogeno-compound is treated wdth 
an organic base and the resulting amino-com- 
pound exhaustively methylated in order to 
produce a quaternary ammonium salt ; this salt, 
or more usually the corresponding quatemarj' 
ammonium hydroxide obtained from it by the 
action of silver oxide or caustic alkali, is distilled. 
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whereon the basic radical is eliminated, and the 
uasaturated hydrocarbon formetl, « j : 

CHBr— CH,— CH, 

I - >«■ 

CHBr— CH,— CH, 

Suberene dlbromlde. 

CH=CH— CH» 

CH— CH,-CH, 


Me,NH 


NMe, 

CH=CH— CH, 

I 

CH— CH,-CH* 
iImCjOH 

CH=CH— CH, 


. I ^CH, 

CH=CH— CH, 
a' '-evfidlleptadieiie 


readily be separated from other materials by 
fractionation (Perhins and Cruz, J. Araer. Chem 
Soc. 1927, 49, 517). The dimeride, contaming 
tno isomenc di-cyclopentadiencs, is obtained as a 
loK-'inelting crjstallmo mass, bp. 56°/13 mm. 
(Wieland and Eergel, Annalon. 1925, 448. 
19; Farmer and bcott, J.CS.« 1929, 177), 
which progressiTcIy reverts on slow rcfluriog 
nnder a short column uto monomeric cycle- 
pentadiene The latter again polymerises on 
standing and even after a few hours contains a 
measurable quantity of dimende, with smaller 
quantities of higher polymerides. For the 
structure and stereochemistry of dimerio and 
trimenc cyelopentadiene, see Ann. Reports, 
1932, 29. 113; 1936. 33. 238. eyclo- 

Pentadiene is especially interesting in that it 
contains a methylene croup, which, oning to its 
position betueen doubV- hound carbon atoms, is 
highly reactive The hydrogen atoms of this 
methylene group are replaceable by alkali 
metals, and also react readily with the orygen of 
ketones giving rise to coloured hydrocarbon 
condensation products of the type known as 
fahenes, nhich, like eyelopcntadiene, are prone 
to undergo polymcnsation. 


It is to be remembered that elimination reactions 
occurring in a grouping >CH — CHX — CH< 
may in geneml take tuo directions, yielding 
>C-CH— CH< and >CH— CH-C<. so 
that mixtures of laomerio dienes and polyenes 
are frequently obtained by the above named 
preparative methods. Such mixtures are 
usually inseparable by ordinary fractionation 
methods, but in these mixtures the conjugated 
forms appear usually to predominate over 
unconjugated forms The physical properties 
of the more important cyclic dienes, cyclic 
tnenes, and fulvenes are given m the table 
below. 

cycloPenladufie may be conveniently prepared 
from benzene forerun which has been aged by 
standing for four weeks or longer after dislilb- 
tion. The cyclopcntadiene originally contained 
m the forerun has then largely become con- 
verted into dimeiic cyclopentadiene, which can 



DIfflethylfulvece. Jlcthj Iphec) Ifuheas. 

cyc/oPcntadiene is a conjugated compound 
and possesses similar additive properties to the 
conjugated open-chain dienes. It yields 
two dibromides. (i) m.p 45'4C% and (ii) an oil 
(Farmer and Scott, le,), and unites spon- 
taneously and quantitatively with maleio an- 
hydride (Diels and Alder, Annalen, 1918, 
460. 98 : Alder and Stein, ibid. 1932, 496,' 197 ; 
Ann. Reports, 1930, 27, 8S) to give a irystallino 
derivative (1), which is suitable for charactensa- 
lion of the bydrocaibon, and vith qumona 
(I mol- or 2 znols. to 1 mol. of quinone) to give 


CrtSiiKuTEn. tlwJTo OiKiKa, Ayn. 
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cyc/oPentadiene . ... 

40 3-41 6 

0 8228J 

l-4403>«’ 

„ Ilcxadienc . 

78 3-78 6 

0 8404^® 
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74 
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— 

Methylphenylfulvene 

130 5 

(105 mm ) 


— 

Diphenylfulvcne 

m p, 82 
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derivatives (II) and (III) which are convertible 
by successive elimination of the endomethylene 
bridges and dehydrogenation into naphtha- 
quinono and anthraquinone respectively. 


CH 

HC^ 1 ^HCOv 

II CH, 1 

HC 


CH" 


CH 


I. 


CH CO 

HC I CH CH 

II CH, ( II 


HC 


CH 


CH 


CH CO 

11 . 


CH CO CH 

HC CH CH 

II CH, ). I CH, 

HC I CH CH 

\ / \ / 

CH CO CH 

III. 


CH 

sll 

CH 


cycloHexadiene is known in conjugated 
(A‘‘^) and unconjugated (A^‘^) forms, which are 
frequently formed together by dehydrohalogena- 
tion of various dibromocyclohexanes or dehydra- 
tion of dihydroxy-cyclohexanes. Pure A’’®- 
cyclohcxadiene may, however, be obtained by 
the action of sodium ethoxide on cyclohexene 
dibromide (Hofmann and Damm, “.Mitt, schles. 
Kohlenforsch.Kaiser-Wilhelm-Ges.” 1925, 2, 97). 
This substance resembles closely the open-chain 
conjugated diolefins : it differs from cyclo- 
pentadiene in that it contains no reactive 
methylene group and polymerises only on 
prolonged heating. For the structure of 
dimeric cyclohexadiene, see Alder and Stein, 
I.C.). A'‘^-oycloHexadiene combines spon- 
taneously with maleic anhydride and with 
quinone to give crystalline addition products 
analogous to those formed from cyclopentadiene. 
Ai:3:6-cycloflcptatriene {Tropilidene) 

CH— CH=CH 

;CH, 

CH— CH=CH 


is a colourless liquid which readily resinifics in 
air. It has been obtained from cycloheptene 
dibromide by the Hofmann method (see above), 
cycloheptadiene being obtained at an inter- 
mediate stage. 

eycloOctatelracne has also been prepared 
by the Hofmann method from A^-methylgrana- 
tanine (1), the first-formed cyclooctadiene (V) 


being converted successively into cyclooctatriene 
and cyclooctatetraene. 

CH, — CH — CH, 

I I I 

CH, NMe CH, 

I I I 

CH, CH CH, 

I. 

CH, CH CH, 

I I I 

V CH, NMeyOH CH, 

CH, CH CH, 

II. 

NMe, 

I 

CH, CH CH, 

I I 

!- CH, CH, 

I I 

CH, CH=CH 

III. 

NMe.-OH 

I 

CH, CH CH, 

I I 

5- CH, CH, 

I I 

CH, CH=CH 

IV. 

CH, — CH=CH 
s- CH, CH, 

I I 

CH, CHr^CH 

V. 

cycloOctatetraene is of interest in that despite 
the fact that its molecule displays unbroken 
cyclic conjugation, it has no aromatic character- 
istics; moreover, it resembles in its additive 
properties and ease of degradation the open- 
chain conjugated dienes. Like benzene, its 
molecular refraction is normal, exhibiting no 
exaltation. 

E. H. F. 

CYCUOFORM. Trade name for the iso- 
butyl ester of p-aminobenzoic acid, m.p. 65°. 
Local anffisthetic. 

CY C LO N 1 T E (cycZotrimethylenetrini- 

tramine), (CHj-N-NO,),, also known as 
“ Hexogen ” and “ T.4,” is an explosive which in 
recent years has been the subject of considerable 
attention from the military authorities of several 
countries in the course of the search for more 
powerful fillings for bombs and other mimitions. 
The compound was first described under the 
name “ Hexogen ” in 1899 by G. F. Henning 
(G.P. 104280), who prepared it by nitrating 
hexamethylenetetramine, the latter being 
derived from formaldehyde by condensation 
with ammonia. The material received little 
notice, however, until the commercial synthesis 
of methyl alcohol, leading to cheap supplies of 
formaldehyde, rendered its production on an 
industrial scale an economic proposition. 
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J/onu/adare.— According to E. \on Hen 
(U.S P. 1403693), cyclonite may bo prepared cm » 
small Bcalo by adtbng 70 g of •well dtved bexa 
roetbylenetetraminc in smaU quantitiea to 
500g. of lutric acid (*pgr. l'S2)'witb eontinuona 
etimng, the temperature being kept between 20“ 
and SO’C. After the addition of tho hexa- 
methylenetetramine 13 completed, the mixture la 
hcat^ slow ly to bS^C., at w hich temperature it i» 
maintained for 5 minutes. The mixture la then 
cooled to tbo onginal temperature and diluted 
with four timea its bulk of water The pro 
cipitated cycloiutc is separated, washed fitat 
with cold water, then with hot dilute soda 
solution, finally with water again, and then 
dried. The crude material may be rccrystallised 
from acetone. 

This direct nitration of hexamethylene 
tetramine haa been extensively studied by Hale 
(J. Araer. Chem. Soc 1933, 47, 2754), who 
obtained a maximum yield of 75%, using nitric 
acid of lOO^o strength and u orking at a tempera- 
ture of — 20“C. 

The industrial production of cyclonito baa been 
developed by the Nobel Dynamite Company of 
Avigliana (Italy) under the name of T.4 ” 
Details of a process suitable for coromercial use 
are given m il.P. 388613. 1932. 

According to this method, hcxamethylene- 
tetramino (fl/M/T) is prepared by bubbling 
ammonia through a saturated solution of form- > 
aldehyde, with suitable cooling The product » 
acidiScd with nitrio acid, thus precipitating the 
dinitrate of H/.M/T, which is filtered off and 
dned. One part of this aalt is then dissolved ui 
7 parts by weight of very concentrated nitric 
acid (tho actual strength is not stated), the 
temperature being kept below 15°C for tho first 
stage of mtratioii. Later, the temperature is 
allowed to rise to 30‘C , at which it is mam- 
tamc<l for about 1 hour. The mixture 
is then cooled to 0“C , thus precipitating about 
60% of the cyclonitc, after the icpniulion of 
which the liquor is distilled at a pressure of a 
few centimetres of mercury and at n tempera- 
ture not exceeding ^O^C. The nitric acid thus 
recovered is utilised again in the cycle of 
operations. Tho cooling and distillation opera- 
tions aro repeated, thus rccov'enng further 
amounts of cyclonito and nitric acid. Tinally, 
tho liquor 13 diluted with water, thereby pre- 
cipitating tho remainder of tho cyclonito Tho 
dilute acid filtrate is used again for tho pro 
duction of II/M/T dmitratc The filtrato and 
washings from tho latter contain formaldehyde 
as a secondary reaction product. This u 
recovered by neutralising tho acidity with chalk 
(or otherwise) and then concentrating and 
vacuum distilling the liquor. By this procedure 
the consumption of formahlehydo is r^uced to 
60% and that of nitric acid to 35% of the 
amounts formerly used, little more than the 
theoretical proportions being required. 

PAysieot ond CAemical IVt^rites — Crude 
cyclonito consists of a fine white crystalline 
powder, •which, according to A'Ogadro 
do I'ArtiUerio Fran?aise, J931, 10, 875) melts 
at 200“ to 202“C., with decomposition. Tho 
ctystals are of the rhombic type, their en'otalki 
graphic constants being described by Terpstra 


i(Z. Krist. 1926, 64, 150). Large, colourless 
crystals may be obtained by slow crystallisation 
.from acetone. The melting point of the 
reciy’stalliscd material is given as 203 5 by 
.Desvergnea (Chim. et Ind. 1932, 28, 
1038). Cyelonite is odourless, tasteless, non- 
hygroscopic, non-toxic, and unaffected by the 
action of light or adverse chmatio conditions 
Being colourless, it haa no staining effect on 
the skin of the workers, nor does it produce any 
,of the usual irritant effects CQmniQR to most 
other nrtro-explosives. It is stated that even 
after breathing appreciable quantities of the 
material m tho form of dust no ill effects nere 
observed. 

Cyclomte is practically insoluble in cold 
water (0007% at 20“C.s 015% at 100“C.), 
and very sparingly soluble m tho common 
organic solvents, with tho exception of acetone, 
lOb parts of which dissolve S parts of cyclonito 
at 30“ and 10 parts at the boding temperatnrs 
(67 5“C ). The material is also soluble in 
strong nitric acid, acetic acid, and hot formic 
acid From these solutions it is precipitated 
unchanged on dilution with water. The bulk 
density of the powder is stated by Avogsdro 
to vary between 0 8 and 0 0, the absolute 
density of the crystals being 1-83, which is 
higher than that of any other nitro compouad 
(except tetra-nitraniline) hitherto used as an 
explosive. Under high pressure the powder can 
bo compressed to an apparent densitv of 
1 69 Toe compound is very stable to Leat, 
no change in weight or apprarnneo being 
observed after storing for two months at 100°C , 
or after 48 hou» ot 120“C. When stabibsed by 
boiling with water and then submitted to tbo 
Abel heat test at 80°C., cyclonito produced no 
coloration on tbo starch iodido test paper up to 
fiOhours. On being heated slowly to 202“C., tbs 
materia! melts and begins to decompose, with 
evolution of gas. If the temperature is raiseil 
stiU further, the decomposition proceeds rapidly 
to completion. If heated suddenly to 280°C. 
the material explodes violently. When ignited 
with a flame, however, it bums briskly without 
exploding, tho flame having a reddish tinge. 

Cyclonito is normally regarded as a neutral 
compound, although according to Henning its 
solution in acetono has a weakly acid reaction. 
The material is unaffected by dilute alkalis, 
differing markedly from T.N.T. and similar 
nitro-oxplosives in this respect. It is equally 
resistant to dilute acids and to concentrated 
hydrochloric acid. It is decorapoaeil, however, 
by concentrated sulphuric acid with evoluti^ 
of gas, and is sitndarly attacked when healed 
with concentrated alkalis According to Des 
verpne* it is not possible to estimate cyclonito 
by tho nitrometer method owing to the fact that 
only about five sixths of the total nitrogen i* 
bbereted as NO. Bathsburg, however, found 
that the material was j^uc^ quantitatively to 
CyH^N, by titanium trichloride (Der. 1921, 
54, (UJ. 3I8J). 

ErpIosMt Properties . — According to Kss^l, 
cyclonito detonates in accordance with tbo 
following equation, 

C,H,N,0.-aCO l-C0,-h2H,0-l- H,-f3Ni. 
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giving a heat of explosiop of 1390 kg.-cal. per kg. 
klore recent work, however, places this figure 
at 1,290 kg.-cal.. a larger proportion of the carbon 
remaining as the monoxide than is indicated 
by the ' above equation (Nitrocellulose, 
1935, 6, 24). Avogadro gives the following 
constants for cyclonite, the corresponding figures 
for T.N.T. being shown in brackets by way 
of comparison : velocity of detonation, 8,380 m. 
per sec., at density 1-70 (cf. 6,700 m. per sec. 
for T.N.T. at density T58) ; gas evolved on 
detonation 908 litres per kg. at N.T.P. (T.N.T. 
690 1. per kg.) ; lead block expansion (Trauzl) 
test 520 ml. (T.N.T. 310 ml.) ; compression 
test (Kast apparatus), 5-2 mm. (T.N.T. 3-6 mm.) ; 
figure of insensitivity (Berthe, 2 kg. wt.), 
42 cm. (T.N.T. 80, picric acid 60). 

Application . — The high velocity of detonation 
coupled with the large volume of gas liberated 
and the high density of the original material 
render cyclonite superior in blasting power and 
“ brisance ” to any other explosive hitherto 
used for bursting charges, not excluding blasting 
gelatine. In his original patent, Herz suggested 
that cyclonite might be employed as a bursting 
charge for projectiles and mines, as a blasting 
explosive, as a filling for detonating fuze, as an 
ingredient in percussion caps and detonators, 
and also as a secondary initiator in fuzes for 
projectiles. Its use as a propellant is described 
in G.P. 298539 and G.P. 299028, the following 
mixture being said to have good ballistic pro- 
perties : cyclonite 45, guncotton 30, nitro- 
benzene 10, trinitroanisole 9-4, and tetranitro- 
anisole 5-6%. G.P. 469721, 1927, also described a 
propellant consisting of cyclonite “ phlogma- 
tised ” with paraffin or carnauba wax, or with 
nitroaromatic bodies. 

The high melting-point of cyclonite precludes 
the possibility of pouring it in a molten con- 
dition into projectiles or mines. By mixing it, 
however, with a suitable-proportion (from about 
30% upwards) of a more easily fusible explosive 
such as T.N.T., a plastic mixture is obtained 
which can be poured or screw-filled into the 
ammunition concerned at a temperature below 
100°C. The use of such mixtures also reduces 
the risk arising from the rather high sensitivity 
of pure cyclonite -vv'ithout seriously detracting 
from the superior explosive power of the latter 
material. In this connection it was observed 
that when a rifle bullet was fired into a bomb 
filled with pure cyelonite, the latter ignited but 
did not explode, and the flame soon went out. 
A stream of bullets from a machine gun, 
however, caused explosion of the filling 
(Avogadro, l.c.). 

In spite of the difficulties indicated, the 
future of cyclonite as a major high explosive for 
military use is regarded as highly promising. 

H S 

CYCLOPARAFFINS (NAPHTHENES) 
IN PETROLEUM. Crude petroleum is a 
mixture of hydrocarbons in which paraffins, 
cycloparafiins, bonzenoid and polynuclear 
hydrocarbons occur. It has been surmised that 
cyclopropane and cyclobutane occur in natural 
gas, although the evidence is not very conclusive. 
In the subsequent fractions prepared by the 
distillation of petroleum undoubtedly there is a 


long series of cycloparaffins, but the separation 
of naphthenes from paraffins is extremely 
difficult, even although naphthenes and paraffins 
can be segregated from other hydrocarbons by 
the use of specific solvents, as, for example, 
nitrobenzene and phenols. 

In the motor spirit fraction cyclopentane and 
cyclohexane and their homologues are the main 
cycloparaffin components. There is evidence 
that dimethylcyclobutane occurs in Californian 
petroleum and cycloheptane in Eussian oil. 
The latter hydrocarbon appears to be present 
in many natural crude oils as does also methyl- 
cyclopentane. cycloHexane occurs in Eussian 
gasoline and has been identified in some of the 
Ameriean crudes. Of the other homologues 
dimethylct/clohexane, trimethylcyclohexane 
and dimethylethylcyclohexane have been 
obtained from a variety of crudes, e.g. 
American, Eussian, Galician, Borneo and 
Japanese. 

In the kerosene fractions the identification is 
very much more difficult. Nevertheless, it has 
been surmised that certain bicyclic hydro- 
aromatic hydrocarbons occur. It is still more 
difficult to identify hydrocarbons of this type 
in the higher fractions, e.g. lubricating oils, and, 
in point of fact, there is very little precise 
information as to the chemical nature of any 
of the hydrocarbon components of high boiling- 
point. 

In the cracking of petroleum cycloparaffins are 
produced and they conceivably are formed by 
the cyclisation of preformed olefins. In the 
case of cracked Eussian kerosene, methylcyclo- 
pentane, cyclohexane, dimethylcyclopentane 
and methylcyclohexane were identified in the 
products. So much as 30% of naphthenes have 
been obtained in an average cracked spirit. 
Special reference should be made to Carleton 
Ellis, “ The Chemistry of Petroleum Deriva- 
tives,” Eheinhold & Co. 

A. E. D. 

CYCLORAN E. Potassium oleate-f a higher 
alcohol (b.p. above 160°), used as a wetting-out 
agent. 

. CYGNINE, CijHjgOjNj, is said to have 
been isolated from Gastrolohium calycinum 
(Leguminosre of Western Australia) 'by Mann 
and Inco (Proc. Eoy. Soo. 1907, 79, B, 485). 
A way of preparing the amorphous alkaloid is 
described, and also the properties of the free 
base, the hydrochloride and the chloroaurate, 
but the report suggests further enquiry. 

Sohl. 

CYLINDRITE. (Ger. Kylindrit.) A com- 
plex sulphide ore of tin, Pb 3 FeSn 4 Sb 2 Si 4 , con- 
taining, according to this formula, Sn 25'85%. 
It forms very peculiar cylindrical rolls of thin 
folia, the concentric shells parallel to the axis 
of the cylinder readily separating under pressure. 
The smooth, bright surfaces of separation no 
doubt represent the cleavages of cylindrieally 
curved crystals. The colour is blackish lead- 
grey, with a brilliant metaUic lustre. The 
mineral marks paper, and is difficult to pulverise, 
in thece respects resembling graphite. The ore 
consists of numbers of these rolls, which 
measure up to 3 cm. in length and 1 cm. in 
diameter, confusedly aggregated together, or 
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aometimes vith a eab parallel groaptng, the 
interapacea being filled vrith maosiee material 
It haa been found m aome quantity in the Santa 
Crux mine, at Poop6, Bob?ia. Tbo aboie 
formula, written in tbo form 

3PbSnS,+ SnFeSb,S„ 
brings out a reLition between cyhndnto and the 
allied Bolirian minerals, tealhtt (PbSnS}) and 
francUile (3PbSnS,+ PbjFeSb.S,) Analyses 
I and II, by G T. I’nor iMin. Mag 16W. !♦, 
21); III, by A. I'rcnzel (Jahrb Mm 1893, 2, 
124) ; IV, E. G. J. Hartley ( J.C S. 1936, 1292) , 
V. F. U. Breacr and E. Baker (J-OS I93C. 
1292). 


Pb. 


I 


II 


IV 


Sp gr. 


. 35 24 34 58 35 41 33 97 38 65 
Fe . .2 81 2 77 3 00 3 47 — 

Ag . 0 50 0 28 0C3 tul nit 

Sn . . 2565 25-10 2037 2506 2) 44 

iSb . .12 31 12 98 8 73 1102 7 74 

S . . 23 83 23 88 24 50 24 39 23 75 

100 34 99 59 98 63 98 81 91 58 

.540 5 49 5 42 — — 

L. J. S. 

CYMARIN, C„H„0,.mp I30MajD+23’. 
is tbe simple cymarose glycoside of strophanthi- 
din, I e. C]H,,0| O C|]H}iO( It is present in 
Canadian hemp and various species of Apo- 
cynum. Crystalline Kcmli etrapbanthin is a 
nixtura of cymann with the giycosido of atro 
phanthobiose (Jacobs and HoiTmann, J Biol 
Chem. 1026, 67, 609 . 89.153, 1928. 70. 631) 

CYMAROSE, C,HhO«. mp 88*. is'llic 
aiiear obtained from the strophanthidin glyco- 
side cymarin, present in Canadian hemp as nclJ 
as in periploc^ann from Frnpioea praca. 

It was shoan by Jacobs and IlofTmann 
(J. Biol. Cbcm 1036,67,609; 69,153. 1928, 
79, 531) to be probably a methyl ether ofdtgi 
toxose, and since it gnes nso to hydroxy, 
incthozyglutnnc acid on oxidation with nitric 
acid (HIderfleld, Science, 1935, 81, 440, J Biol 
Chem. 1935, 111, 527). the position of the 
methoxy group is located as - 


H H H 

CH,-C - C • C CHjCHO 
OH OH OMe 

A po-'Mble, iBomeridc, earmentose, ha» been 
obtained in crystalline form, ra p. 78®, [oJ|, + J2®, 
increasing to -f 15 8®, from the sarmentocymann 
of Strephanlhua earrntntoiMi (Jacobs and 
Bigelow, J. Biol. Cbem. 1032, 88, 355, 449) 

E F 

CYMENES (CYMOLS), C,oH,, Tho 
name evmene vias first given to the hyJrorarbon 
Isolated by C'crhnrdt and Cahours (Ann Chim 
I’hjs. l&ll, [m), 1, 102, 372) from Fmman ml' 
of cumin, Minch h the ethereal oil of Cuminum 
C’jmtnutn. This hydrocarbon was originally 
railed p-mclhylpropylbenrene, but tVidman 
(Ber. 1891, 24, 439, 970, 1032) proatd it to 
bo the isopropyl compound, ireipiintly the 
vunous benrene hydrotarboas of the formula 
CijHjj arc grouped together under the coUcc* 


[ tire name of eymenes. Tho following is a 
1 bncC account of tho more important of these 
hydrocarbons. 

MtthylwpropyKnnzcnt (p Cymsns), 


Oeeumnee — p Cymeno occurs widely distri. 
huted in the essential oils of gymnosperms and 
Angiosperms, and, more CBpccially, in those of 
the Umbclhrcrio and Labiatic (Scmmler, “ Dio 
Actherischcn Oele," iv, 19). Considerable 
quantities of crude cymene, known as sulphite 
turpentine, collect on the surface of tho liquid 
in the separator used m recovering sulphur 
dioxide in the manufacture of wood pulp. 
Cymeno also occurs in certain petroleums. 

Formalwn and Preparalion —Many of tho 
terpenes and their denvatircs may be 

readily ron\ertcd into cymene. Camphor on 
dehydration yields mixtures of m* and p cymene 
in proportions varying with thedehydratingagent 
used. p.Cymene is produced from dipentene 
when the latter is shaken with concentrated 
sulphuric acid (WaUach and Brass, Annalcn, 
1884. 225, 311) and more than 66% ofp-cymene 
IS formed when citral is distiUcd with a little 
iodine (Bogert and Fourman, Amcr. I’erfumer. 
1933, 28, 345) Tho most economical methods 
of preparing oymeno from terpenes are dieeustcd 
by E Raymond (Bull Soc. chim 1934, [vj, i, 
1470) 

Cymene has been synthesised by many of 
tho classical methods, eg, from p-bromo- 
cumene (p-bromoisopropylbcnscne), methyl 
iodide, and sodium m ether (Widmaii, Ber. 
1691. 24, 450), or from isopropyl chloride, 
toluene, and aluminium cblondo (Silver, Bull 
Soc. chim. 1884, [u], 43, 321). It may bs 
prepared by tbe action of isopropyl aulphato on 
magnesium p-tolyl bromide (Deri, Compt. 
rend 1923. 177, 452; Bull. Soc. chim. 
1925. 37. 1252, 1307). It is produced by ths 
alkylation of toluene with propylene or isopropyl 
alcohol using various catalysts, s 7. see J. Amcr. 
Chem Soc 1035, 57, 881-4, for use of propylene 
and phosphoric oxido ; J. Gen. Chem. liusi 
1915, 5117, for use of isopropyl alcohol and 
a'luroinium cblondo, Compt. rend. 3935, TSXj, 
4C6, for uso of isopropyl alcohol and sulphuric 
aci<i 

rrqpertics.— ^1 C^meno is a liquid, bp. 177- 
177 5® <eorr.). d 0 8070 (Perkin, J.C.S. 1895, 
69. 1195 . 1900, 77, 270), ro p. -75®. 

Jteaetions — For ageneral study of the chlorina- 
tion. nitration ond sulphonation of p cymene, 
see T Kuan (J. Chem. Soc. Jajnn, lOJl, 52, 
473) . p-cymene nitrates successively m the 2- 
and 0 positions (Ber. 1887, 21, 2126 ; J. Ainer. 
Chem. Soc. 1027, 49, 491). bulphonation gives 
the 2 Bulphoiiic acid (Lc Fivre, J.CK. 1034, 
1501) Chlorination occurs auccessivcly in liic 
2 , 5., C , and 3 positions, ond the higher 
chlonnation products arc accompanied by chloro- 
tolucnis formetl by rcpiatement of tho isopropyl 
group with chlorine (Quiit and Ilolmborg, AfU 
Acad Abocaais. 3Iatli. I’hys. 1032, 6, A’o. 14,3). 
Bromo and lodci denvatires ore kiioMii. On 
oxulation p cymene yields Icrephtbabc acid. 
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tolaio acid, p-a-hydroxyi5opropylbenzoic acid, 
methyl p-tolyl ketone, any of ■which can be 
obtained in fair yield under suitable conditions. 
Catalytic oxidation in the vapour phase over 
vanaium pentoxide, and in the liquid phase using 
manganese dioxide have been studied (Ind. Eng. 
Chem. 1931, 23, 1129; 1932,24,1184). In the 
former case ^-toluic acid, and in the latter jj- 
toluic acid and methyl p-tolyl ketone are 
formed. Cymene is oxidised intestinally to 
oumic acid. With nitrosyl sulphuric acid in the 
cold ^)-cymene undergoes condensation, giving 
83% of a dicymene 

CH:CH -CCMej-CH, CH:CHCMe 

I II I I II 

CMe:CH C CMe— C :CH • CH 


(Jannasch and Fittig, 'Zeitsch. Chem. 1870, 
161); from toluene and methyl chloride 
in presence of aluminium cldoride (Friedel and 
Crafts Ann. Chim. Phys. 1 884, [vi], 1, 461) ; from 
o- or ^j-xjdene, methyl chloride, and aluminium 
chloride (Jacobsen, Per. 1881, 14, 2629). The 
durene formed by the t'wo last methods may 
readily be separated from the accompanying 
isomeric tetramethylbenzenes on account of its 
much higher melting-point (Organic Syntheses, 
X, 32). 

Dmene has a camphor-like odour, m.p. 79- 
80°, b.p. 189-191°. On oxidation with 
potassium permanganate it is ultimately con- 
verted into pyromeUitic acid, 

CcH2(C02H),(1:2:4:5). 


(Puranen, Ann. Acad. Sci. Fennica:, 1933, 37 A, 
no. 10). 

Tetramethylbenzenes : 

1. Consecutive ietminethylbenzene (Prehni- 
tene), CgH2(CH3)4 (1:2:3 :4). When sodium 
durenesulphonate, 

C6H(CH3)4S03Na(CH3 -groups 1:2:4: 5) 

(a. infra), is dissolved in concentrated sulphuric 
acid and allowed to stand for 12 hours, 
prehnitenesulphonic acid is formed. The 
mixture is diluted with water saturated 
with barium carbonate, the barium salts 
converted into sodium salts, and these, by 
treatment with phosphorus pentachloride and 
ammonia, transformed first into sulphonio 
chlorides and then into sulphonamides. Prehni- 
tenesulphonamide is separated by means of its 
sparing solubility in alcohol, and is then hydro- 
lysed by heating with concentrated hydro- 
chloric acid to 170°, when it yields prehnitene 
(Jacobsen, Ber. 1886, 19, 1213 ; see also V. Meyer 
and Molz, Ber. 1897, 30, 1278). The con- 
version of durene and isodurenesulphonic 
acids into prehnitene by the action of strong 
sulphuric acid is considered in No. VI of a series 
of papers on the polymcthylbcnzenes by 
Smith and Cass (J. Amer. Chem. Soo. 1932, 
54, 1614). 

Prehnitene may also be obtained by heating 
bromopseudocumene, 

C6H2(CH3)3Br,(CH3,Br,CH3,CH3,l:2:3:4), 

with methyl iodide, benzene and sodium at 
150° for 12 hours. It occurs with 1:2:5:6 
tetramethylbenzene among the products of 
dehydrogenation of certain “ polyterpinoid ” 
compounds (i.a. see Buzioka et al., Helv. Chim. 
Acta, 1934, 17, 426 ; Nailer, J. Amer. Chem. Soc. 
1934, 56, 1582. 

Prehnitene has b.p. 204° and m.p. —4°. 

(2) Vnsymmetrical tetramethylbenzene {iso- 
Durene), 05112(0113)4, (1:2;3:5.) — Isodurene 
may be prepared by the action of dimethyl 
sulphate on a solution of the Grignard reagent 
from bromomesitylene (Organic Syntheses, XI, 
66). It has b.p. 85-87°/18 mm. 

Symmetrical tetramethylbenzene (Durene), 
(1:2:4:5). — In coal tar (Ber. 
1885, is, 3032). Preparation : — by the action of 
sodium on a mixture of bromopseudocumene, 
^6*^2(CH3)3Br (1:2:4:5), methyl iodide 


CYMOLS V. Cymene.s. 

OYMOPHANE, “oriental cat’s ejm ” v. 
CimySOBEEYE. 

OYNTHIAXANTHIN. This pigment, 
which closely resembles zeaxanthin, is associated 
with an ester of astacene in Cynthia (Halo- 
cynthia) papillosa. It separates from alcohol in 
needles, m.p. 188-189°, and exliibits absorption 
maxima at 517, 484 and 452 vay. in carbon 
disulphide (Lederer, Compt. rend. Soc. Biol. 
1934, 117, 1086). 

I. M. H., B. F. P., and F. S. S. 

c-CYPERONh. 


HjC 


H2C Me CHj 

C CH, 


CH2:CMe-HC 


C CO 

\ / X / 


CH, 


CMe 


The sesquiterpene ketone, a-cyperone, 
CijHsjO, b.p. 177°/20 mm.. d“ 0-9945, 
7i“ 1-5283, W5451 -f 138°, Ms, 80 -f 118-6°, forms 
the main constituent of the oil from the tubers 
ol Cyperus rotundas (Hegde and Rao, J.S.C.I. 
1935, 54, 387T) and it has been characterised 
by the preparation ofa number of derivatives, the 
more important being the oxime, m.p. 150-5°, 
semicarbazone, m.p. 216°, 2-A-dinitrophenyl- 
hydrazone, m.p. 208-209°. When digested with 
alkali or with oxalic acid it yields the stereo- 
isomeric ketone, ^-cyperone, b.p. 175-176°/ 
16 mm., dll 0-994O, 1-5414, M54ci +239°, 

oxime, m.p. 138°, semicarbazone, m.p. 207°, 
dinitrophenylhydrazone, m.p. 218-219°. 

The structure of a-cyperone has been 
determined by Bradfield, Hegde, Rao, Simonson 
and Gillam (J.C.S. 1936, 667) and by Bradfield, 
Pritchard and Simonsen (ibid. 1937, 760). 

The constitutions assigned to a- and p- 
cyperones have been confirmed by their syn- 
thesis (Adamson, Mc-Quillin, Robinson and 
Simonsen, ibid. 1937, 1576). 

L. J. S. 

CYPRESS CAMPHOR v. Cedrol. 

CYPRIAN VITRIOL. Copper sulphate 
(v. Copper). 

CYRTOLITE, a variety of zircon. 
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CYSTA20L. A urinary antiseptic con- 
taining hCTametbylenetetramine and eodiam 
benzoate. (Allen and Ilajtburys, London), B.P.C. 
1031. 

CYSTEINE f CiSTrvE. 

CYSTINE. P dievlphtda-naminopropumie 
aetd, 

HOjC CHlNH,^ CH, S S CH, CO,H. 

was first discovered by Wollaston in a urinary 
calculus (Phil. Trans 1810, 223) , Jlreiiiscl 
isolated it from the liver of horse (Arch Anat. 
Phjsiol 1891, 243) and porpoise (Z Biol 1896, 
33, 8o): it was found by Kulz (ifiid. 1890, 
27, 415) among tbo soluble products of an 
artificial pancreatic digestion of fibrin , Womer 
abowed it was a product of tho hydrolysis of 
several proteins, being especially abundant m 
keratins (Z pbysiol Chem. 1899, 28, 595, 
1901, 34, 207) It la now recognised as a 
constituent of nearly all proteins. Buchtala 
(i6id 1007, S2, 474) obtained the following 
percentages of cystine from the materials 
mentioned: human hair, 13-14 5, human nails, 
5 15; horsehair, 7 98; horse's hoofs, 3 20; 
ox hair, 7 27 , hoofs of oxen, 5 37 , pga' bristles, 
7 22, pigs’ hoofs, 2'n Jot the cystine content 
of grasses and its relation to wool crop, see 
Pollard and ChibnaU(Bioc3iem J 1034,28.326). 

I'or the importance of cystine m metabolism, 
ses Abdcrhaldcn (Z physiol Clicin 1915-16, 
96. 1-147; Ber 1916, 49. 2449-2473), and 
l^wis (Phyaiol. Rev. 1024, 4, 394) In view, 
however, of the recent discovery of a new 
sulphur eontainingammo acid, fnrmoRiae, much 
of our knowledge of the physiological r6lo of 
cystine is under revision {see articlee by Lewis 
snddu VigneaudinAnnual Rev Biocbem 1933, 
1035, and !03C}. 

When cystine is given with food, it is largely 
oxidised to sulphato and excreted as such 
(Rotbera, J. Physiol 1905. 32, 175, do Vig 
ncaud, Craft and Lonng, J Biol Chem 1934. 
704, 61) Baumann and I’rcusse (Z phyaiol 
Chem. 16S1, 5. 309; Ber. 18S3, IS. 258) found i 
that when broraobenzeno was administered to 
animals it was excreted as Iromophent/lcysteine, \ 
COjH CH(NH,)CH,S j 

w •UMapcsw.'l wv gV.W«jwg TiKdVe*' 

or plates, m p. 180-182®, and yielding a blue 
crystallino copper salt, (C^HtBrSNOiljCu 

According to Folm (J. Biol. Cbem 1010, 8, 
0), cy atme is most readily prepared from wool or 
hair by boiling it in a reflux apparatus for 6-6 
bouts with twice its weight of strong hydro- 
chloric acid, or until it ceases to give the biuret 
reaction; on removing the free hydrocblonc 
acid by tho addition of toUd eodiuta acetate, a ' 
dark heavy precipitate of cystine is obtained, 
this IS purified by decolorising a solution in 
3-5% hydrochloric acid with bone black, and 
precipitating tho eystino in the hot filtrate 1^ 
)iot concentrated sodium occtatc solution 
There are xanous modifications of this method 
vfluch dilTer mainly m the manner of tho Teroovnl 
of the free hydrochloric acid and the final 
purification (Denis, J. Biol. Chem. 1911, 9 , 
303; Harris, Proc. Roy. Soc. 1922-23, B, 94 , 
441 ; Schmidt. J.C.S. 1922, 122, i, 992 ; Okabe, 


J. Biocbem. Tokyo, 1928, 8, 441 ; Toennies and 
Bennett, J. Biol. Chem. 1936. 112, 39). 

Tho cystine of urinary calculus is identical 
xnth tmit obtained from protein hxdiolysis 
(Rotbera, J. Physiol. 1905, 32, 175; Alsbergand 
Folttu Amer. J. Physiol. 1905, 14, 6t; Fischer 
and Buzuki, Z. physiol Chem. 1905, 45, 405), 
anft was proved to bo ^-disulphtdo a ammo- 
propionic acid) by Friedmann (Bcitr. Chem. 
PhysioL Path. 1902, 2, 433) This view of its 
I coiutitation was confirmed by the synthesis of 
^racemic cystino from ethyl nionobenzoylserine, 

, obtained by reducing ethyl formylhippurate, the 
product of the condensation of ethyl formate and 
ethyl hippurate On heating ethyl mono. 
benzoylserme with phosphorus pentasulphide 
and hydrolysing the product, cys/cine is obtained, 
and this is readily converted into cystmo by 
oxidation with air m an ammoniacat solution : 

H COjEt-l-NHBz CH, CO,et 
-eCHO CH(NHBz) CO.Et 
-♦■OH CH, CH(NHBz) CO,Et 
-h-SH CH, CH(NHBz) COjEt 
-+SH CH, CH(NH,) CO,H 
-♦S CH,-CH(NH,) CO,H 

lcH,-CH(NH,)CO,H 

(Erlcnroeyer, Ber 1903, 36, 2720) Fischer and 
Raeke (i&id. 1008, 41, 893) also obtained r- 
cystine from dl a ammo p cliloronropionie ocid 
hydrochloride by heating it with Daniim hydro- 
sulphide at 100° in sealed tubes, and oxidising 
the product by atmospheric oxygen in tho 
resence of ammonia From tho natural 
senne the authors obtained, by a similar 
process, an optically active cystmo which is 
identical with the I cystmo obtained from 
natural sources. Removal of sulphur by 
aroraoniacal copper solution or by zino gives 
<// alanine (Mauthner, Z. physiol. Chem. lOlSi 
78.30) 

Cystine crystallises in thin colourless hexa- 
gonal plates , It has no melting point, but decom- 
poses slowjy at 258-261° (Neuberg and Mayer, 
Z. physiol Chem. 1905, 44, 472). It is sparingly 
soluble in water, insoluble in alcohol or acctie 
acid, soluble m acids or alkalis. Tho heat 
ot xasa\swd.vOTi w,\. cawxta.w'. yitxavixft xx 4,U7 
g -cal (Emeiy and Benedict, Amer. J. Physiol 
1911, W, 301-307). The cystmo molecule con- 
tains two asymmetric carbon atoms, and (avo 
cystmc, tho naturally occurring variety", hai 
[aj„ —97 5°, in ammonia. —223° in hydrochloric 
aciu solution (Gsskoll, J. Physiol. 1907, 36, 
142), Toennies, Laviiie, and Bennett (J. Biol 
Chem. 1936, 112, 493) have studied tho specific 
rotation at different pn values and found 
—225° at Pii 0 1 ; —323° betw een pa 3 and 
7 and —97° at pn H'O- I-Cyatine is converted 
to the extent of 60% into r-cysfino by heating 
with excess of hydrochloric acid of sp gr. M24, 

I at 163° for 12-15 hours , this decomposes at the 
same temperature as tho active isorocridc, i* 
three times as soluble in water, and can be 
resolved into tho active components by tho 
action of Asperjilius niyer, tho I- compound 
being consumed. 

Hollander and du Vjgneaud give a method 



CYSTINE. 


541 


for the resolution of inactive cystine and the 
isolation of d-oystine (J. Biol. Chem. 1931, 94, 
243). 

Cystineis readilyreducedto cystein e (a-amino- 
P-thiolpropianic acid), H S • C H C H ( N H j)' C Oj H 
(Baumann, Z. physiol. Chem. 1882, 8, 300; 
Mauthner, Z. Biol. 1901, 42, 176 ; du Vigneaud, 
Audrieth, and Boring, J. Amer. Chem. Soo. 1930 
52, 4,500; Gebauer-Bulnegg, ibid. 4610). A 
solution of C3'stino irradiated with a quartz lamp 
gives about 5% cysteine (Szendro, Lamport and 
Wrede, Z. physiol. Chem. 1933, 222, 16). 
Cysteine readily yields' cystine on oxidation, the 
change occurring spontaneously in alkaline 
solution, although the rate is increased by the 
addition of a mixture of ferric chloride and 
potassium cyanide (Mathews and Walker, J. 
Biol. Chem. 1909, 6, 289). 

Cysteine and its derivatives are extremely 
active in facilitating oxidations and reductions 
in the tissues and it is probable that cj’stine 
derives much of its importance in the animal 
body from the fact that it is a source of cysteine. 
The most active derivative of cysteine in this 
respect is gluialhione, y-glutamyl-cysteinylglycine, 
which has been synthesised by Harington 
and Mead (Biochem. J. 1935, 29, 1602). This 
tripeptide has been extensively investigated by 
Hopkins and co-w’orkers who have shown its 
occurrence in most tissues in which it promotes 
oxidation and reduction processes (Biochem. 
J. 1921, 15, 286 ; 1925, 19, 787 ; J. Biol. Chem. 
1922, 54, 527 ; 1929, 84, 269 ; Proc. Roy. 
Soo. 1931, B, 109, 68 ; Biochem. J. 1932, 26, 
785, 817 ; 1935, 29, 108). 

Cysteine and cystine can be oxidised by 
bromine and iodine to cysleic acid (a-amino-p- 
sulphopropionic acid), 

H 03 S-CH 2 CH(NH 2 )-C 02 H, 

and from this, by loss of carbon dioxide, taurine, 
NH 2 -CH 2 CH 2 S 03 H, is obtained (Friedmann, 
Beitr. Chem. Physiol. Path. 1902, 2, 433). 
According to von Bergmann (ibid. 1903, 4, 92), 
the normal taurine in the bile originates from 
the cystine. The oxidation of cystine and 
cysteine to cysteio acid has been studied in some 
detail by Shinohara (J. Biol. Chem. 1932, 96, 
285) using iodato and by Preisler and Preisler 
(J. Physical Chem. 1934, 38, 1099) using thaUic 
sulphate. The oxidation with bromine and 
iodine has also been applied as a method of 
quantitative estimation (v, infra). 

Cystine does not react quantitatively with 
nitrous acid in van Slyke’s method for the 
estimation of amino-nitrogen (Ber. 1910, 43, 
3170). This is probably due to the -SH group 
being converted in part to sulphuric acid (Lough 
and Lewis, J. Biol. Chem. 1934, 104, 601). 

Cystine and tyrosine can be quantitatively 
separated by means of absolute alcohol saturated 
with hydrogen chloride (Plimmer, Biochem. J. 
1913, 7, 311). The separation of cystine by 
means of its copper salt is described by Vickeiy 
and Leavenworth (J. Biol. Chem. 1929, 83, 
523). They have also investigated the pre- 
cipitation of cystine as silver salt (ibid. 1930, 86, 
129). When cystine in dilute sulphuric acid is 
treated with silver sulphate and the mixture 


adjusted to p^ 6, 70-85% is deposited, but the 
precipitate when decomposed with hydrochloric 
acid yields cysteine. Accompanying this reduc- 
tion a small part of the cysteine is oxidised 
to cysteic acid. The silver compound appears 
to be a mercaptide. A similar behaviour of 
cystine with mercuric sulphate has been observed 
by Andrews and Wyman (ibid. 1930, 87, 427) 
and Simonsen (ibid. 1931, 94, 323). 

For the estimation of cystine several methods 
are available. Harris uses direct isolation 
(Proc. Roy. Soc. 1923, B, 94, 441) and Vickery 
and White precipitate cystine as cysteine 
cuprous mercaptide and estimate the S ( J. Biol. 
Chem. 1933', 99, 701). Rossouw and Wilken- 
Jorden (Biochem. J. 1935, 29, 219) and Medes 
and Padis (ibid. 1936, 30, 942, 1293) also pre- 
cipitate as cuprous mercaptide but recover the 
cysteine and estimate by Folin’s method (see 
below). Volumetric methods for the estimation 
of cysteine and cj’stine are based on their 
oxidation to cysteio acid by bromine and iodine. 
The reaction is markedly affected by tempera- 
ture and hydrogen ion concentration (Okuda, 
A. 1926, 190 ; 1927, 996 ; 1929, 730 ; Lucas and 
King, Biochem. J. 1932, 26, 2076 ; Baemstein, 
J. Biol. Chem. 1930, 89, 124 ; Virtue and Lewis, 
ibid. 1934, 104, 415; Lavine, ibid. 1935, 109, 
141). The colorimetric methods are all essen- 
tially based on colour reactions of cysteine 
(formed in the case of cystine by reduction with 
a suitable reagent) and can be adapted for the 
estimation of cystine, cysteine, or both. That 
most frequently employed is Folin’s and is 
based upon the blue eolour formed by cysteine 
with phosphotungstic acid. Cystine is reduced 
by sodium sulphite (Folin and Looney, ibid. 
1922, 51, 421 ; 54, 171). The method has been 
modiSed in several details (Hunter and Eagles, 
ibid. 1927, 72, 177 ; Folin and Marenzi, ibid. 
1929, 83, 89; Rimington, Biochem. J. 1930, 
24, 1114; Tompsett, ibid. 1931, 25, 2014; 
Shinohara, J. Biol. Chem. 1935, 109, 665 ; 110, 
263). Another method much used recently is 
SulUvan’s (A. 1926, 1266; 1930, 199, 1604), 
which depends upon the formation of a red 
colour when cysteine reacts with l:2-naphtha- 
quinone. In the presence of sodium hypo- 
sulphite the reaction is not given by ergo- 
thionine or methionine and only by cystine 
in the presence of a suitable reducing agent. 
The method has been modified by Lugg 
(Biochem. J. 1933, 27, 668, 1022) and Bushill, 
Lampitt, and Baker (ibid. 1934, 28, 1293). 
The methods of Folin — Looney, Folin, — 
Marenzi, Sullivan, and Okuda are compared by 
Sullivan and Hess (A. 1930, 1604). 

On heating a solution of cysteine with 
dimethyl-p-phenylenediamine and ferric chloride 
a blue colour is obtained which is claimed to be 
specific for cysteine and distinct from the 
methylene blue reaction for sulphides (Fleming, 
Biochem. J. 1930, 24, 965). 

Deeivatives. — Cystine forms sparingly 
soluble salts with copper, C 5 Hjg 04 N 2 S 2 Cu ; 
or mercury 

CeH804N2S2Hg2,HgCl2; 

2CeHio04N2S2Hg,HgCl2,7H20 ; 

2CeH804N2S2Hg2,Hg(N03)2. 
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AVitli 30^0 nitnc or hydrochloric achl (at room 
temperature) it yields compounds 

C,H„04N.S,-2HN0,ftnd 

C,Ha04NjS*-2HCI 

(Momer, Z. ph)aioI. Chem 1014, 03, 203). 
Cystine tthyl tsUr hydrothlondf, 

S.fCH, CH{NH,) COjEtJ,.3HCI. 
forms colourless nellies, nip. 185* with 
decomposition (Friedmann, Bcilr Oiem. 
Physiol. Path. 1902, 3, 1). Gortner and Hoff 
mann (J. Biol Chem. 1927, 72, 413) giro 181* i 
for the m p of 1 dibenzoyl cystine and for >*, 170*. 
They also give the foUowmg derivatives off and 
f-cystine ; di-^ naphtbaltne sulphonyl 1 , 203- 
201* ; 215* , phtnylisocyanali t , 148® , 

I-, 181®, phenylkydanloin 1-, 122-123®, », 
166*5 dietAylsster di^ydrocAlonda ( , 177®, t , 
185*. IQstino forma two aparingly solnhle 
I addition products vrjtlv picric acid, one »ith 
’ 3 mols and the other with 0 mols cystine per 
T£\ol of picric s.c\d (Toenme*. Z physiol Chem 
1933, 223, 1). Several other denvatiies are 
desciihed by Fruton and Clarke (J Biol Chem. 
1931,106,667) Numerous ffcyl derivatives of 
cistiiie ate described by i'lscner and Suzuki 
(Z phjsiol Clicm 1005,45.405, I'isrher and 
Oemsross, Ber V009, 42, 1485, Abdethalden 
and Wybert, Bcr. lOlC, 49, 2449) Of these 
di i feucyl 1 eyitine, 

8trCHjCH(CO,H)NH CO CH(NH,)CtH,lt. 
u a granuhr powder, turns yellow at 200®, and 
decomposes at a higher temperature, has 
[aJn* —130 6®, or, nhen obtained in a ctystaUme 
form, has [a]o -111 4®, it gives arcddish-violet 
colour with copper sulphate , is precipitated by 
ammonium sulphate, and may be termed an 
albumose 

Mesoeystine. — Lonng and du Vigneaud 
(J. Biol Chem. 1933, 102, 287) describe tie 
isolation of the internally compensated stereo- 
isomer of cystme and gi\o proof of its constiti^ 
tion. J/moc} Stine decomposes at 200-218®, 
di/ormyl’ and phenyluramino- derivatives haio 
m p. 192-193* and 101"-192° respectively 

lonog, Dorfoiann and du Vigneaud find that 
mesoeystine can replace tho natural f-rysliDe 
in tho diet. d-C^stino does not promote 
growth. They suggest that mesoeystine w 
reduced in the bodv with the liberation of 
f cysteine (J. Biol, Chem. 1033, 103, 399) 
Tho cystine isomcrides also show differences in 
the ease with which they are ozidiseil to 
sulphate m the animal body (du Vigneaud 
Craft, and Lonng, ibtd 1934, 104, 81) 

flf. A. W. and W. V. T. 

CYSTOPURIN. A compound of sodium 
acetate and hexametbylcnetetramine(C7enar(Wan, 
Ziovghborotigh). B.P.C. 1934. 

CYTASE, as recently defined by Oppen 
heitner, is the group name for tho enzymes 
which hydroly'ae mannan, galactan, xylan and 
araban. 

TCylan, which Haworth has shown to contain a 
chain of 18-20 xylopyranose units, fs hydrolysed 
by the enzyme of Helix, gmng Cll% of xylose 
(Ehrcnstein, Hclv. Chim. Acta, IWfl, 9, 332) 


and by' on entvmo in malt extract yielding 
75% of xylose (Luers, Woch. Brau. 1923, 45 
83). 

Dlannan, galactan and araban are at present 
dl defined substances, so that little can be said 
about their appropriate enzymes. Cytases are 
widely distributed, but with tho exception cf 
xylxnaae the slntemcnts about them are 
mdefinite (e. BnEiniiQ, Vol. II, p. 87). 

E. F. A. 

CYTISINE. Cytiaino la on alkaloid widely 
distributed jn the Fam. Papilionace®; it has 
been isolated from different plants und« 
various names (vlexine, bnptiVoxine, tophorine). 
Pluggo and Pluggo and Bauwerda (Arch. 
Pharm 1895. 233. 430; 1800, 234, 635) have 
iiwcxtigstcd between fifty and a hundred 
Papitionacca) (Cytisus, Vler, Genisla, Sophora, 
Baptism, Eiichresfa, Anapyris, spp ), and 
give tho yields they obtained and a complete 
survey of the oceutrewee of cytisine. This bst is 
completed by tho work of Bauwerda (Chem. 
ZenM I. 2 £p 0). Thu yirida Tsry con 

sidcmbly Cyhsus Laburnum (syn Laburnum 
mljflre) contains roughly 1% ; in SopJioro 
Keandifiora it may be as high as 3 47%. In 
Anagyrti feeiida c^isme occurs together with 
anagynne (71.), nnil N-me/Ay/ cytisine (Ing. 
J OS 1935. 1053) The latter has also bem 
isolated from Cavlopbyllum thahetroidct (Fare. 
Bcrbcndacc®) by Power and Salway (J0.8. 
1913, 103, 191) and from Thtrmopais /aneeolii/ii 
(syn Sophora hiptnoides) by Oreehoff, Norliins 
and Gurenitsch (Bcr 1934, 67, [B], 1394). 

Extraction (Ing. JCS. 1931, 2105, with 
references concerning earher extractions)— 
finely ground laburnum seeds (1 leg) are in- 
timately mixed with slaked lime (100 g) and 
water (500 c.c ) is added ; tho mixture is 
then extracted with CHCI^ for 20 hours. The 
solvent H evaporated tx tncuo, the reshluo 
stirred with light petroleum and left overnight. 
Most of the alkaloid separates, the mother hqtior 
being extracted with dilute acid. Tho crude 
alkaloid is boiled la diluto HCI with animal 
charcoal, the filtered solution is made strongly 
alkaline ami extracted with CHClj. The dne<i 
Rolution xa evaporated, cytisine crystallising out 
at once (yield 20 g ). Tho alkaloid is beat 
putted by disldlation tn vacuo, followed by 
crystalbsation from diy acetone. 

Cyliswc (I>. C„Hj,ON,. [o)” -U9® 57' (ifi 
water, for further details concerning rotation*, 
sec Rauwerda, JCS. 1900, 78, I, 607 ; Arch. 
Pharm 1900, 238, 477); mp. 1645-1555*; 
bp 218®/2 mm.; ciystallises from aeelono in 
pnsma. (1) is easily soluble in H,0. EtOH, 
CHCI,. but sparingly soluble in Et,0 and 
benzene. 

N-wertyf-(I). [a]» -234* 10' (in H,0). mn 
I3(i®, needles (from Iigrom or acetone), is obtained 
by interaction of (I) and methyl toluenesulphon- 
ate (Freund and Gauff, Arch. Pharm. 1918, 256, 
33} see also Ing, Ic. 1931). N-mcthyl (I)- 
mcthiodide, m p. 276* (from MeOH). 

N-«ce/yf.(I). m p. 208* (Partheil, Arch 
Pharm. 1892, 230, 448) ; mono N benzoyl (I) 
mp. 116® (Maass, Ber. 1908, 41. 1636); p- 
tofiKR<s«lpAony|.(I), mp. 207-208®, solulJo in 
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dilute acid and warm EtOH, insoluble in cold 
H2O, can be recrystallised from hot HjO (Ing., 
I.C., 1931). 

Treatment of (I) with HjOo yields hydroxy- 
(I) .CiiHijON-NOH, m.p. 223-226° (Freund 
and Friedmann, Ber. 1901, 34, 605). Tetrahydro- 
deoxy-(I), CjiHjoNj, is formed by electrolytic 
reduction of (I), strongly alkaline oil, b.p. 270°/ 
760 mm. (Freund and Horkheimor, Ber. 1906, 39, 
814). 

In aqueous solution (I) or its salts gives a red 
colour with ferric salts, which is discharged by 
HjOj, a blue colour being eventually developed 
on heating (van de Moer’s reaction, see Spath, 
Monatsh. 1919, 40, 26). 

Salts of (/). — (I) is a strong base and forms 
crystalline salts, the common salts are mono- 
acidic, but a dihydrochloride has been described 
(Partheil, l.c., 1892), B-HChHjO, colourless 
prisms; B-^HChSH^O, yellow needles; 
B-HhHjO, yellow prisms; 62-142804, hygro- 
scopic needles; B-HAuCl4, reddish-brown 
needles, m.p. 220°, sparingly soluble in warm 
HjO; B-HN03,H20, needles or leaflets, 
[a]„ -81° 29'. 

For dissociation constants of (I) and its 
salts, V. Kolthoff (Biochem. Z. 1925, 162, 
327). 

Constitution of Cytisine (early references, cf. 
Ewins, J.C.S. 1913, 103, 97, and Ing., l.c. 1931).— 
When (I) is heated with H I and red phosphorus 
to 230°, ammonia, cytisoline (11) (CjjHnON, 
needles from EtO H, m.p. 199°), and ^-cylisolidine 
(III) (C„HiiN, b.p. 132-133°/14 mm., 
platini-chloride, m.p. 234°) are obtained. (II) 
and (III) are reduced by sodium and EtOH 
to a-cytisolidine (IV), (CjjHjjN,, oil, platin- 
iohloride, m.p. 216°). Zinc dust distillation 
of (II) affords (III) (Freund, Ber. 1904, 37, 16; 
Ewins, l.c., 1913). Ewins (l.c. 1913) proved 
by synthesis (III) to be 6:8-.dimethyl-quinoline 
and (IV) to be 6:8-dimethyl-l:2:3:4-tetrahydro- 
quinoline; (II) is a hydroxy-6:8-dimethyl- 
quinoline. Spath (Monatsh. 1919, 40, 93) 
showed that 2-hydroxy-0:8-dimethyIquinoline is 
identical with (II). No further conclusions 
concerning the constitution of (I) can be drawn 
from these experiments. Van de Moer’s colour 
reaction (see above) led Spath to conclude 
(l.c. 1919, p. 26) that (I) contains an a-pyridone 
group. Ing (l.c. 1931) first demonstrated 
that (I) does not contain a quinoline nucleus; 
from theoretical reasons and from the results of a 
Hofmann degradation he put forward a new 
formula for (I) which was but slightly modified 
by Spath and Galinovsky (Ber. 1932, 65, [B], 
1526) and accounts satisfactorily for all the 
degradation products of this compound. 

CH^ 

CH2 CH CH 

I I I II 

NH CHj /CH 

1 1 I 

CHj CH CHa 

I. 

In the Hofmann degradation only the secondary 
N -atom is involved, the N -atom of the pyridone- 
system does not react. Spath and Galinovsky 


(l.c. 1932) demonstrated that hydrogenation 
of the des- bases after each interaction of 
alkali and quaternary base is essential so as to 
avoid polymerisation. These authors finally 
obtained tetrahydro-hemicytisylene, C11H13ON 
(V), which still contains all C-atoms of (I). 
By ozonolysis of (V), the adjacent pyridone ring 
is destroyed and a lactam C^HjjON (VI), 
formed which may be hydrolysed and then 
oxidised to a mixture of a-a'-dimethylglutario 
acids (VII) ; 




CH, CH CO 

I I 

CH, NH 

I “ I 

CH3 CH CH2 

VI. 


CH3 CH COOH 

I 

CH, 


CH3 CH COOH 

VII. 


A further important proof for the correctness 
of formula (I) is provided by Ing (J.C.S. 1932, 
2778)and bySpkth and Galinovsky (Ber. 1933, 66, 
1338). The latter authors effected a Hofmann 
degradation on N-acetyl-tetrahydrodeoxy-(I), 
thus opening the reduced pyridone ring and 
leaving the other heterocyclic ring unattached. 
The product obtained was N-acetyI-3-amyl-5- 
methylpiperidine (VIII), which was dehydro- 
genated and oxidised to )3-methylnicotinio acid 
(IX). 

N -acetyl-tetra-'l 
hydrodeoxy-(I) / 

CH2— CH— C5H11 

I I 

). CH3CO— N CHj 

I I 

CH2— CH— CH3 

VIII. 




CHsx/V/COOH 


N 

IX, 
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(I) u closely related to tbc alkaloid anagyrine bands and c of cytoclirome represent tbe 
{q t.). O'bands of the three corresponding compounds 

whilst the band d represents the fused ^-bands 
^|j '^CH ®f least the two compounds 6' and c'. 

1*1 I II The characteristic properties of cytochrome 

,u,.ij— it itj M rw components are due to the nitrogenous com- 

I . 1*1 poands with which their hminatins are com- 

u j. CH CH CH ^ bmed. “ Cytochrome components differ from 

* / * their haematins just as much as hmmoglobin 

CH diflfcts from hmmatin ” (Keihn). Certain varia- 

tiona in the structure and properties of cyto- 
Physidogical Action .— is a powerful poison chrome are revealed by the study of nucro- 
resemblingmcotineinilsaction(c/.DaleandLaid> organisms (l^eilin. Nature, 1934, 133, 290). 
law, J. Phann. Exp. Ther. 1911, 3, 205). For Wihilat the absorption spectrum of cytochrome is 
toxicological identification, see Fuhner and usually similar to that of bakers’ yeast (s 
Slertcns (Biochem. Z, 1921, 116, 262) ; for micro- fiOSOA, b 5650A, e SSOOA, d 5230A) the bands 6 
chemical identification of (I) in plant material, and e nay be replaced by a single Land 6. 
ste Klein and Farkass (A. 1931, 243). (e q in S. Coli, £. proleus, B, rneqalhcTium, 

Scbl CCOOA), or band a may be slufted a little either 
CYTISOLIDINE v. Cttisine. towardathenoletorthered. It can be definitely 

CYTISOLINE e. Cytisine. stated that the three components of cytoc^ome 

CYTOCHROME. MacMunn in 1880 (Phil “represent three distinct hcmochromogen 
Trans. 177, 267) described a pigment, under the compounds each having at its base a difi'erent 
names myohamatin and hwtohmmatiu, which Fe-porphyruv nucleus It is possible that these 
ho found in muscles and other tissues of most Fe-porphynn nuclei are united to similar if not 
animal species. He concluded that raw- and identical nitrogen compounds. These com- 
histci-h»matin»TcrespiTatoi 7 pigments different ponenta may also differ in the degree of their 
from hxmoglobm and its denvatives His dispersion." 

observations were criticised by Hoppe Seykr Of the three components of cytochrome two, 
and others and although blacMuun mado a b' and especially e', are very unstable , they are 
strong defence, hu views were not accepted, as fragOe as most of the enzymes (Keihn, £rgeb, 
and Eis work was forgotten until 1925, when d. Enzymforsebung, 1933, II, 239). Component 
Keilin confirmed bis discovery (Proe. Roy. Soe a' decomwses at 55°C , liberating its bsmatin 
B, 1925, 9S, 312). This worker found that the compound. Component e' is heat stable sad 
pigment was more widely distributed and more may be easily extracted from baker's yeast, 
important than anticipated by MacMurui. Keilio has studied the relationship of cyto- 

Keilm termed the pigment eytochromt and chrome to respiratory enzymes of the cell (Pros, 
showed it to be an mtracelliuar substance Roy. Soc. 1929, IM, B. 206). ILs conclusiona 
common to aerobic bactena, yeast, higher are as follows: (1) Components a' and t' of 
planta and anunsis. Spectroseopio examina- cytochrome are not autoxidissble, whilst 6' and 
tion of cells showed it to exist m reduced and an tmbound hiematm also found m the cell ate 
oxidised states. In the reduced stato it shows, aotoxidisable. The latter in the routed state 
according to Kcilui, a characteristic absorption can combine with carbon monoxide. (2) The 
spectrum compoeed of four bands, «, 6, c end tsemochromogen ptecutsor of cytochTome » also 
a, occupying practically the same position in autoxidisable but cannot combine with carbon 
most of the orgamsnis studied. In the muscles monoxide. (3) Constituents of cytochrome can 
of guinea-pigs, for instance, the bauda ace found give nse to thermostable peroxidase activity, 
at (a) GOISA, (&) 6662A, (c) 5500A, (d) 6205A, (4) The indophenol oxidase of cells (which is 
whilst thepositionsof maximum mtensityof the inhibited by cyamdo or carbon monoxide) is 
hands in the thoracia muscles of bees are (a) responsible for the oxidation of cytochrome, 
C&iOA, (6) 5665A, (e) 5502A, (d) 5210A especially of its non autoxidisable components 

The absorption spectrum markedly alters on a' and c'. (5) Cytochrome in living cells is 
oxidation, the four strong bands disappcanng reduced by organic compounds, especiaUy 
and being replaced by weak diffuse bands lying succinic acid, when these are activated by their 
about a 5665A and ^ 62S7A. The highest dehydrogenases. (6) Cytochrome acts as a 
concentration of the pigmentisfound inactively hydrogen carrier between activated organic 
metabolising tissues such as the thoracic wing compounds and activated oxygen (7) Tbc 
muscles of flying insects, heart muscles of autoxidisable component 5' may act as a earner 
mammals or birds, pectoral muscles of llyuig between similar activated molecules and free 
birds or in baker's yeast. molecular oxygen. 

There is some jw-rallebsm between the con- Keilin (Proe. Itoy. Soc. 1030, 106, B, 418) 
centration of cytochrome in cells and tbeir has described a method of extracting cyto 
respiratory activities. The pigment is chrome c' from bakers’ yeast. This consists of 
apparently completely absent from anaciobic plosmolysing Delft yeaat with NaCl and 
organisms. pouring into boiLng tap water. The mixture, 

It was shown by Keilm that cytochrome ia after standing a short time, is cooled with i«, 

not one chemically defined substance but a allowed to settle, the supernatant fluid removed, 

mixture of three hajmochromogen-liko com- and the deposit of yeaat filtered on a Buchner 
pounds, o', b', and e', capable of being oxidised funnel and washed. The yeaat cakes so foracd 
and reduced independently of each other. The a« auspended in a solution of sodium bisulphite, 
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sodium hyposulphite (Na 2 S 204 ) is added, and 
the mixture is left overnight in a stoppered 
bottle. The clear pink fitrate contains, in 
solution, cytochrome o', mixed ■with salts and 
proteins. Subsequent treatment with CaClj 
and SOj effects a separation of the pigment. 

The component c' thus extracted corresponds 
to the modified myohsematin of MacMunn and 
shows two strong bands in the visible spectrum, 
a at fi495A and p, which seems to consist of three 
maxima, the central one of which is approxi- 
mately at 5200A. Dixon, HiU and Keilin 
(Proo. Roy. Soc. 1931, 109, B, 29) find that the 
absolute absorption spectrum of reduced 
cytochrome c' in the violet belongs to the type 
of spectrum given by hcematin compounds. 
The spectrum of cytochrome c' in the reduced 
state is that of a typical hasmochromogen 
and in the oxidised state that of a parahamatin 
compound. Reduced cytochrome c' does not 
oxidise in neutral solution; at 4 and at p^ 13 
it becomes, however, autoxidisable. It reacts 
with carbon monoxide under alkaline con- 
ditions, forming a compound easily dissociated 
by light — behaving thus lilte an autoxidisable 
hsemochromogen. “ It differs from all known 
ham and hsemochromogen compounds which 
on shaking ■with air rapidly oxidise to the 
corresponding hoematin and parahamatin 
compounds.” The constitution of the hsema- 
tin of cytochrome c' is as yet unknown 
(Roche and Benevent, Compt. rend. Soc. 
Biol. 1936, 123, 18). Reduced cytochrome 
is not oxidised by iron compounds, but by 
HaOs, ferrioyanide, and copper salts. Oxidised 
cytochrome is reduced by sodium hypo- 
sulphite, cysteine, p-phenylenediamine, and 
’catechol. Its reduction in the living cell is 
accomplished by activated hydrogen donators 
(metabolites), the reduced form being oxidised 
through the indophenol oxidase. Hence its oxida- 
tion in the cell can be inhibited by substances 
which poison the indophenol oxidase, e.g 
eyanide, or HjS. Under anaerobic conditions 
cytochrome is found in the living cell in the 
reduced form which then shows the typical 
spectrum. Removal of the anaerobic state 
under normal conditions {e.g. shaking with air or 
oxygen) causes oxidation of the reduced form 
of the pigment and the disappearance of the 
characteristic spectrum. This phenomenon 
may be observed in living tissues. Recent work 
{e.g. by Theorell, Biochem. Z. 1935, 279, 463 ; 
1936, 285, 207) has emphasised the important 
part played by cytochrome as a carrier in the 
respiration of aerobic cells. 


Further information may be sought in an 
article by Shibata, which deals particularly with 
bacterial cytochrome (Ergeb. d. Enzymforsch- 
ung. 1935, IV, 348) and in the papers of Keilin 
and his colleagues. 

J. H. Q. 

CYTOS I N E, 2-oxy-6-amino-dihydropyrimi- 
dine. 


N=C-NH„ 
CO CH 


\ 

NH— CH 


Keto-form. 


a product of hydrolysis of the nucleic acid 
from the thyroid gland and of nucleic acids of 
other origin. It has been synthesised by the 
following series of reactions : ^J-ethylthio- 
carbamide hydriodide and ethyl sodioformyl- 
acetate condense to form 2-ethylthiol-6-oxydi- 
hydropyrimidine 


NHCO 



CH 


N • CH 


which is converted by the action of phosphorus 
pentachloride into 2-ethylthiol-6-chloropyrimidine 

N:CCI 

EtS d^ ^H 
NCH 


this reacts with alcoholic ammonia to form the 
6-omjno-derivative, which yields on prolonged 
boiling with hydrobromio acid, 2-oxy-Q-amino- 
dihydropyrimidine 

N=C-NH2 

6o ^CH 

\ 

NH— CH 


identical with natural cytosine (Wheeler and 
Johnson, Amer. Chem. J. 1903, 29, 492, 505 ; 
Hilbert and Johnson, ibid. 1930, 52, 1152). 

Cytosine crystallises with one molecule of 
water in thin colourless pearly plates, becomes 
anhydrous at 100° and decomposes at 320-325°. 
It is insoluble in ether, and sparingly soluble in 
alcohol or water, 1 part dissolving in 129 parts of 
water at 25°. 


D. 


DAHL’S ACIDS, I, 2-naphthylamine-5- 
snlphonio acid ; II, l-naphthylamine-4:6-di- 
Bulphonio acid ; III, l-naphthylamine-4:7- 
disulphonio acid. 

DAM ASCEN I N E, methyl 2-methylamino- 
3-methoxy benzoate, CioHjaOgN, m.p. 25-26°, 
b.p. 154°/15 mm., 270°/750 mm., occurs in the 
VoL. HI. — 35 


seeds of Nigella damascena (Linn.) (0'4-0-5%) 
and of N. arislaia. 

Its constitution was established by synthesis 
(Ewins, J.C.S. 1912, 101, 544) and “ methyl 
damascenine ” (Keller, Arch. Pharm. 1908, 
246, 1), shorvnto be identical with damascenine : 
damasceninic acid, CjHjiOjN, stated by 
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Pommcrelme 1000, 238, C31) to be isomenc 
with damascenlne, is a product of hydrolysis 
of the alkaloid (««e alto Keller and Schulze, 
tbid. 1025, 263, 481). An altematlve method of 
synthesis has been described by Kanfmann 
and Bothlm (Ber. 1016, 49, 678). A full 
account of the properties and aynthesis of 
damascenine, which is also described as the 
odoriferons principle of oil of Nigella used in 
perfumery, is given by Somet (Manf. Chem. 
1024, 5, 87). 

Damascenine is mildly narcotic in action. 

A. J. E. 

DAMBONITOL, mp. 105", is a dimethyl 
ether of i-inoBitol; it is found m Gabon rubber 
and in the latex of CattiUoa tlMtxea. 

E F.A, 

DAMMAR RESIN. The word us^ m the 
Malay States is damar, indicating ream used for 
making torches. The word “dammar " is here 
reetricted to the resin used m spirit varnishes 
and mtroeeUulose lacquers, etc , which is 
obtained &am vanous species of the Dtplero 
carpaeeie and poasibly Burteratete. The trees 
producing these reams are found on the Malayan 
Peninsula and the FactSo islands generally. 
For a full account of the dammar reams obtamed 
in the Federated hlalay States and the Straits 
Settlements, from which the greater part of the 
world's supply comes, reference should bo made 
to a report by the Conservator of Foresta, 
FJII.S. and S S (ut J. Od Col. Chem. Assoc 
1924, 7, 186), The resm is obtained by a tapping 
process, somewhat similar to that used m the 
production o! ordinary turpentine. One of the 
highest grsdes of dammar is that known as 
Cat's Eye dammar, the finest pieces of which 
vield an almost colourless solution m coal tar 
oydrocarbons. It u mostly obtained from 
species of I/cpea, principally II mtcrontka 
The tree exudes resin, which congeab on the 
trunk. This particular type of tree will not 
yield a steady supply by twping. In the Malay 
States this is known as htaU Kuchmg From 
the commercial point of view dammar known 
Penak or damar Fenak is more important 
regard to quantity, although it is not of 
high a quality as Mata Kuc^g. Penak is the 
product of Balanoearpui Zfeimii. 

Three samples of dammar examined at the 
Imperial Institute were found to have the follow* 
ing characters. 

1. Fate 2. Browolib- 9. Fate 
lumps. yellow. powder. 

Jloisture, % ..06 07 1*1 

Extraneou8malter,% 02 01 28 

Acid value ... 35 1 34 6 38 3 

Saponification value 39 6 38 1 47 8 

ABb,% .... 001 001 161 

Softenmg point ®C. . 71 80 72 

Temp, of gradual 

fusion 'C. . . . 83-95 88-93 80-90 

The difficulty in adopting hmit figures for 
this resin is shown by the fact that acid values 
up to 72 have also l>cen found by the Imperial 
Institute. 

Coffignier (Bull. S,.c. chim. 1911, (ivj, 9, 519) 


gives the following figures for si<c samples of 
known origin : 

1 2 3 4 5 e 

Spsr.atlS’ . . 10361048103710351001 1-032 
MettlDg point . 05’ 120* 95’ 110* 160* 105* 

Add value. ■ - 31 4 35 1 30 1 19 6 69 6 18 5 

SapoDlflcatlon value 33 7 615 39 3 80 9 64 5 1>5 

Insoluble la alcohol, 

% . . . . 20 3 23 8 19 1 22 4 45 5 32 8 

Insoluble la ether, 45 96 10 4 1 379 8« 

Insoluble in acetone 

% 147 204 140 164 453 215 

Origlo— 1. Psdang. 2. Borneo. 3 Slngspore 
4. Pontlanac 5. Sumatra. 6. Batysa. 

Bany (“ Natural Varmah Resins,” p. 106 el 
tetj.) gives analyses of a number of samples 
which are of considerable value, as the samples 
were supphed by the Conservator of Forests, 
PAI.S. and S S. The samples included Dammar 
Mata Kuching, Penak, dead ” dammaT, 
and some inferior dammars. ForSIataKuching 
he foond acid values 21-5, 23 2, and 23 8, and 
from 0 05-0 47% insoluble m cldoroform. For 
Penak, acid values 34-37 1, and from 0 2-3 64% 
insoluble in chloroform. The high figures for 
insoluble matter were found for samples in 

K iwder form and maytherefore merely indicate 
gh extraneous matter. A sample of Dammar 
Temak gave the following results : 

Acid value . . . 20 6 

Saponification value . 2S6 
Loss at 105* . . 1 06% 

Melting-point . . 80-90® 

Iodine value (VVijs) . 61 

Dead dammar, a same applied to the opaque 
ream, sometimes yielded by Bahnocarpui 
Hemu, gave the following figures 

1. 2 3 

Moisture (at 105®),% . 0 67 6 86 25 

Insolubiein CHCI>, % 1-76 Traces 0-66 
Ash. % . .0 04 0 12 019 

Acidv^ue . . . 30 5 26-7 28 4 

Non resinous matter, % 2 4 5 98 3 32 

Acid value of pure 

ream 31-3 28 4 29 0 

Two samples of Siamese dammars have been 
examined by F. H. Geake (Ind, Eng. Chem 
1927. 19. 826), both of which were probably 
from species of Shorea. They had the following 
characten : 


Spemfio gravity ... 1 059 
Acid value .... 32 9 
Saponification value . . 159 2 

Kloisture, % • . • . I‘9 

Aah. % 014 0 35 

Softening-point 
Melting-point 

Three samples of Siamese resin examined by 
Barry (op cil.) gave acid value 17-4-27, saponi- 
fication value 26 2-45 5, iodine value (Wija) 
43-5-60, insoluble in chloroform 0 4-2 58%. 

It u not considered wise to include the sug- 
gested composition of this resin, as the results 
of combustions giving formula: such as 
C 5 fH„ 0 , to a ream acid can hardly be reW 
on until crystalline derivatives are prepared 
(see Dulk, J. pr. Chem. 1848, [i], 45, 10). 
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A, so-called Borneo dammar is obtained from 
Vatica moluccana. Kemner (Farben-Ztg. 1936, 
41, 686) states that it has acid value 13'47, 
saponification value 60'37, and melting-point 
200°. It contains a little wax, which causes its 
solutions to be somewhat cloudy. It is known 
as Hiroe dammar. 

E. J. P. 

DANAITE. A cobalti-ferrous variety of 
mispickel (ironsulpharsenide, FeAsSj), 4-10% 
cobalt replacing iron. 

DANALITE. A rare sulpho-silicate mineral, 
with the formula 3RjSi04-RS, where R repre- 
sents Fe, Zn, Be, Mn, containing BeO about 
14%. The flesh-red or grey cubic crystals are 
octahedral or tetrahedral in habit ; sp.gr. 
3-35-3-43; H.=5J-6. It occurs in granite at 
Eockport and Gloucester, in Massachusetts, 
and large crystals have been found in Cornwall. 
Closely allied is the tetrahedral-cubio mineral 
helvite, which contains about the same amount 
of beryllium, but with a preponderance of j 
manganese and no zinc. 

L. J. S. 

DANDELION, Taraxacum officinale Wig- 
gers (Earn. Compositae). A common weed of 
Europe and America. The leaves, which have 
a somewhat bitter taste, are sometimes eaten 
after boiling or used green as a salad. For this 
latter purpose they are frequently hlanohed. 
Eecorded analyses of edible leaves are ; water, 
85-5%; protein, 2-4-2-8% J fat, 0-7-1 -0% ; N-free 
extract, 7-5-10-6% ; fibre, 1-5% ; ash, 2-0%. 
According to J. S. Kleiner and H. Tauber 
(Science, 1935, 82, 652) the asoorbio acid content 
of leaves averages 0-08-0-10 mg. per g. of fresh 
material. The “ down ” of dandelion seeds 
contains, in addition to cellulose, soluble 
pentoses, hemicellulose and probably a xylan 
(Voto5ek and Zvoni2ek, Coll. Czech. Chem. 
Comm. 1933, 5, 448). Karrer and Sohopp have 
isolated a fla-vdn from alcoholic extracts of the 
flowers (Helv. Chim. Acta, 1934, 17, 771). 

A. G. Po. 

DAPHNANDRA ALKALOIDS. The 

bark of the Australian plant D. repandula 
(Fam. Monimiaces) is remarkably rich in 
total alkaloids (6%). Pyman (J.C.S. 1914, 
105, 1679) isolated and characterised three 
new alkaloids from D. micraniha : daph- 
nandrine (1) (1-5-2%), micranthine (II) (max. 
0-5%), and daphnoline (III) (1-5%). Mode of 
extraction : ground bark percolated with 0-25% 
aqueous tartaric acid, concentrated, made alka- 
line with NHg, and extracted n-ith CHClj. 
Separation of phenoHc from non-phenolic bases 
by shaking CHClj extract with NaOH. 
CHClj evaporated and residue treated with 
CHs-COjEt, when crude (1) separated. The 
residue is a mixture of (1) and (11) and is 
finally separated by conversion into the oxalates. 
The phenolic portion (see above) is acidified, 
made alkaline with NUjCOj and (III) taken 
up in CHCI3, from which solution the crude 
phenolic base soon separates. 

Daphnandrine (I), C35H35O5N2, colourless 
needles from CHClj, -with 0-5 mol. solvent of 
crystallisation, m.p. 280°, [a]i, -J- 474-7° (anhydr.) 
practically insoluble in boiling HjO, and all 
organic solvents except boiling CHCI3. The 


base contains three OMe and one NMe 
groups. Hydrochloride, B-2HCl-(-6H20, 
colourless prisms, m.p. 282° (anhydr.), [o]i, -f 296- 
314°; hydrobromide B-2HBr-)-6HoO, m.p. 
291° (anhydr.), Mp -f 265-280°; acid oxalate, 
B-HHaCjO^-hBiHjO, m.p. 225°. 

Micranthine (II), C35H32O3N2, colourless 

needles from CHCI3, m.p. 190-196°. The base 
contains one OMe and one NMe group. 
Insoluble in HjO and Et20, sparingly soluble 
in EtOH or CHCI3, the only crystalline salt is 
the sulphate B-H2SO4-I-IOH2O, fine colourless 
needles (from HjCS) decomposing at 312°. 

Daphnoline (III), 


^34^34^6^2 C36^36®6^2» 


crystallises from CHCI3 or EtOH in small 
hexahedra -with solvent of crystallisation, 
m.p. 190-215°, [a]p -)-459° (dry base in CHCI3); 
(III) is even less soluble in organic solvents than 
(I). Hydrochloride B-2HCI-f-3JH20, large 
truncated bi-pyiamids, from moist EtOH, m.p. 
290° (anhydr.), [a]p -1-283°. The base contains 
two OMe and one NMe groups. Hydro- 
bromide B-2HBr-b4H20, clusters of micro- 
scopic needles, readily soluble in hot but 
sparingly so in cold HjO, m.p. 286° (anhydr.). 

The three alkaloids give characteristic colour 
reactions with Frohde’s reagent : (I) indigo 

changing to port--wine red ; (II) indigo changing 
to emerald green ; (HI) -violet changing to port- 
wine red. 

There is nothing kno-wn about the constitution 
of the three alkaloids, for further colour reactions 
and pharmacological action, v. Pyman (Z.c.). 

Schl. 

DAPHNETIN. Daphnetin is present in the 
form of its glucoside, daphnin, in the bark of 
the Daphne alpina Linn., D. Mezereum Linn., 
and D. odora (Thunb.). 

The concentrated alcoholic extract is digested 
with boiling water, filtered and treated with 
lead acetate solution. The precipitate is re- 
moved, basic lead acetate added to the filtrate, 
the lead compound of the glucoside decomposed 
with hydrogen sulphide, and the solution 
evaporated (Zwenger, Annalen, 1860, 115, 8). 
When hydrolysed with boiling dilute acids, 
daphnin yields daphnetin and glucose. 

Daphnetin, CjHbO^, pale yellow needles, 
m.p. 256°, is soluble in alkalis -with a yellow 
colour, and gives a yellow precipitate with 
lead acetate solution. It forms a monoethyl 
ether, colourless plates, m.p. 155°, and a diethyl 
ether, needles, m.p. 72°. When the latter is 
boiled -ndth caustic soda solution, the diethyl 
ether of daphnetinic acid -. 


EtO 


EtO, 


OH 

iCH=CH-COOH 


is produced, and this, by ethylation, yields the 
triethyl derivative. Oxidation of daphnetinic 
acid triethyl ether gives triethoxybenzaldehyde, 
which is readily converted into triethoxybenzoic 
acid. The silver salt of this acid, when destruc- 
tively distilled, yields pyrogallol triethyl ether. 



Diphnetin 
couraann : 


ncconlingly 7 8 <lihy<]roxy> 
HO Q 

'^CO 




^CH 


CH 

(StUnkH, Ber. 1879, 12. 109; Will nml Jung, 
i6W. 1884, 17, 1031). 

It ha< boon ajnthoticolly prcpami by hrating 
pyrogalJol with malic acid in the prcsonco of aul- 
pnuric acid (von Pcchmann, liud. 18Si, 17,033), 
and by ibo conticn*ation of pyrogaKaldrhydo 
w-Ith sodium acetate (Gattcrmnnn and Koobner, 
tbid. 1899, 32. 287). I 

The follow ingderuntnea have been propareil. 
Diben:oylJoj>}inefin, mp 152“, diaeet^dapA- 
tifliii, netdii's, m p 120® (von Pcchmann, l.e), | 
m p. 137® (Asni, Acta I’hytoihim. 1930, 6. 0} 
B-I/y/rory-l vie/fioxyeoiittiann, m p. 175*; i 
8 bydroii/.T etbojrycouninnn, nap. 145®, 8- 1 

tnftboxy-7 (tbofyfOiitiinriii, m p. 81®; and 7- 
fnd/iOT]/ 8 tlboryrouniann, m p. 85 5® (IVesiely j 
and bturm, Her. 1029, 62, [11], 116; 1930, 63. | 
[111. 1290). 

iMyl dapbnflin 3 earbojf/hft, m p. 231-232® 
(diaeefyl denanti'c, m p 120-130®), and tlio| 
corresponding aeid, m p 20J* (rfiacetyl dcriva 
tivo, m.p. 213-314®) (Boehm, Arch. I'harm. 
1033.271,400) I 

J)apbnelin 3-earborylie acid, mp 238®, 8> 
AyrfrOjy.T.ocffonyloj'ycoiiMonn, m p. 132-133®, 
and 8 tntlbory‘7-ocdonf/loj'!/couniarin, m.p 81- 1 
62® {Il&y, Silooja, and Vaid, J C S 1935, 813) 
4‘MilbylJapAn(lin and its derivatives (8nkai 
and Kato, J. I’barm Soc Japan, 1035,65.091} ' 


jollow, a'nd olive black shades on wool 
danted with tin, aliitmniuni, chromium and 
iron respectively (I’crkin and Wilson, JC.6. 
1003. 83, 131). 

iTopAnin, C|.H|«0|. colourless prisms, m.p. 
228-230®, dissolves in alkahiio saiutions with a 
yellow colour. Alcthylation of daphmn ami 
' subsequent removal of the sugar group (Wessely 
and bturm, /e) yield 7.Avi/roxy-8 mcfAcwy- 
foumann, m p. 185 6®. Daplmin. therefore, con- 
tains the glucoso residiio in {losition 7. amt u not 
identical with tbo daphnctin gluro*ide avn- 
theaised by Leono (Gazzetta, 1925, 65, 673) 
from fl acctobromoglucose and daphncim. 

According to Aral (Ic.), tlio amount of 
daphnin present in various parts of the D oJora 
varies with the season, ey. largo quantities aro 
present in tho leaf buds in (ho early etagev of 
development. Daphnm_ab«orbs short waves, 
esjieciaily between tho ’frequencies 3,200 and 
3.000. and in this respect is similar to flavono. 
Couroarin and hjdrovycoiimnnn glucosidcw 
resemble tho hydroxyllavones In their light 
absorption and localisation in plants, and 
rrobnbly serve the same physiological purpose. 

A. 0. r. and K. J. C. 

DAPHNIN t. PAtJi.vrTiN-. 

DAPHNOLINE i. DAriiVANpRA Alka- 
loids. 

D’ARCET‘8 ALLOY f. Bismctii (VoL I. 
p. COS). 


DARCO V. Adsoritiok. 

DARWINITE. A copper arsenide, similar 
toPomeyIdte, CujAs. 

DATE, Tho fruit of tho palm Phanix 
daetyfi/tra. Dates form tho historic food of tha 
Anbs, and in recent times have been cultivated 
in soQthom areas of tho United States. Varieties 
unMrted into Muropo arc usually soft-fiesbed 
and sticky. " Dry,” firmer types aro more 
common around desert habitations. Attwatrr 
and Bryant (U.S. Dept. Agric. OIF. Lap. Sta. Bull. 
1006, No. 28) giro tho avorago percentage analy bN 
oftfaoediblo ficah of cured dates as : water 15 4, 
protein 2*1, fat 2 8, N-froo extract -f fibre 78 4, 
ash 1-3. Tho soluble carbohydrates of tlm 
dato consist Largely of sucrose, tho Deglct Noor 
(Sahara) variety containing oxceptioimllv large 
proportions, b'altahand (irueas (I’lnnt I’hysiol 
1927, 2, 319) rcconl that Mesopotamian 
varieties contain larger proportions of total 
Bobdaandofsugara than tho American-cultivated 
typM In many varieties tho notual sucrose 
content is higher in tho green than in mailin' 
fruit, and 2(^25% may bo Inverted before 
liarvosting. Approximately 3% of tho carbo- 
hydrates aro in tho form of pentosans (Wlttminn, 
Z. liindw. Vorstielis. Ocsterrcich, 1901, 4, 131, 
and according to Beif (Z, Unters- Lebensm. 
1931, 68, 179) a small amount of sorbitol is 
also present. A. R. C. Haas and D. E. Bliss 
(llilgardia, 1035. 9. No. 0, 29.5) report a lietailod 
study of tho growth ond composition of the 
Deglot Noor variety. 

Dried ground dato stones have tlio percentage 
composition i 'water 7-OC, ash 0 89, protein 6 23, 
carbohydrates 6.5 53, filiro 13 00, oil C 77. Tbs 
oil haa the follow ingobaracteristics i 0 9201, 

1*1580, saponification valuo 206 1, iodms 
valuo 515, UDsnponifiablo matter I 9S%, free 
acid <aa oleic) 0 f>%, Roichctt-Mcissl value 1 0, 
Polenako voJiio 3 0, insolublo fatty acids 
(mp. 23®) 68 7% (R. 0. Harry, Analyst, 1030, 
61.403). 

Tho drini, roastcul and ground stones have 
been utiliSMl as a colTco substitute, analysis of 
which •ho'AB *. 


15 8 17.5 

Cerman 0 6 6 6 70 60 0‘ 278 1 3 

* Iweludea Z 2% of iusar. 

Hio aap of tho dato palm collected from 
mcldona mado in tho bark has a high sugar 
content, and alter clarification and evaporation 
yields a crudo brown sugar or jaggery. 

An Indian boverngo preparou from dates is 
stated by Biswas and Uuha (Indian Med. Gaz. 

1035, 20, 382) to have ton timea tho vitamin C 
content of cows' milk, and a considerable pro- 
portion of vitamin-B. 

According to Das and Sarin (Ind. Eng. Cliera. 

1036, 28, 814) vinegar may bo satisfactorily 
|>repar«l from aqueous extracts of dotes by 
lOTCfvion of tho sugar vvitli acid, and sub- 
sequent fermentation; 100 lb. of fresh fruit 
are stateil to yield 12-16 gal®- of slandanl 

A. a ro. 
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in Piedmont ; in diorite at Roaskopf in Baden ; I 
in gabbra coppet ores at Monte Catmi in I 
Tuacany; in *' limunte ” (an axmite-pyroxenite) 
at Dundas in Tasmania ; m serpentine in the 
Lizard district in CorowaU ; in calcito Tcins in 
sandstone at Sontbofen in Bayaria ; in Teina of 
Sliver ore at Andreasberg in the Har* Moun- 
tains ; in the Lake Superior copper mines (here 
as a compact, opaque, white form resembling 
unglazed porcelain), m beds of magnetite in 
gneiss at Arendal in Norway. 

L J.S. 

DATURA STRAMONIUM, a bushy 
annual plant, growing in the warmer temperate 
regions. The seeds and leaves contain about 
0 1 to 0 5% of alkaloid ('faluriae), consisting of 
hyoscyamme associated with small quantities of 
atropine and hyoscine. 

DATURINE V. Datuka STRAiroyiuii. 

OAURICINE, isolated from 

JUeniiptmum dauncum (13%) by Kondo and 
Nanta (Amer. Chem. Ahstr 1927, 21. 2700) 
SLghtly jellow, amorphous base, m p 115°, 

'• [a]p --139'', soluble m EtOH, acetone, benzene, 
'and EtjO. Bimel^iodtde needles, m p 
/ (anhydr ) 204®, [o]^ —110°, O'lmlAy/daurtcindi- 
mtiAiodide prisms, mp 152* (dccomp), {aj® 
— 80'1> For absorption spectrum, see Ocliiai 
(Amn. Chem. Abstr 1929. 23, 5272) Paltis 
and Frauendorfer (Ber. 1030, 63, 809) first 
suggested that dauricine belongs to the group of 
th« btt.coclaunne alkaloids (^v.) (see also von 
Bruchhausen and Gericke, Arch Pharm. 1931. 
269, 116), which suggestion has finally been 
proved by the synthesis of methyl dauncine.o- 
methine, m p. 125-'126° (Kondo, Nanta, and 
Ujeo, Ber. 1935, 68, 519 , for complete survey, 
see also Kondo, Arch. Pharm. 1936. 274, 65). 
Dauricine has the foUowiug constitution . 



Schl , 

DAVITAMON, Trade name for prepara-' 
tions containing vitamin A, D, or both (Di^iuns 
Laboratoriu, London), B.P.C. 1634. 

DEAD DIPPING. process of pro- 

ducing a pale yellow dead surface on ornamental 
brasswork. The brasswork, after the final stamp- 
ing, with its adhering black scale from th« 
annealing oven, is placed in dilute lutnc aeid 
until the scale is detached, when it is remosed 
and washed with water. It is next plunged into 
stronger nitric acid, and when its surface is 
covert with minute gas bubbles, it is washed 
in a solution of argol and dried in hot sawdust 


DEAD OIL. The higher boding fractions of 

shale oil, from w hich the greater portion of the 
soLdp-aroffin has been removed by ciystaUieation 
OECACYCLENE. formed when 

acenaphtbene is heated alone, with sulphur, or 
(for greatest yield, 39-35%)'withIead oxide ma 
seal^ tube (Dziewoiiski et ai.Ber. 1903, 36. 
962; 1914, 47, 1679; 1918, SI. 457). and 
purified by crystallisation from cumene or nitro- 
benzene. Forms large, glistening, golden yellow 
needles, m p. 387°, and gives a picratt, m p. 
295-296° (dec ) 

Dztewofiski and collaborators have shown by 
degradation with chromic acid and perman 
' ganate that decacyclene has the constitution : 



(Ber. 1913, 46. 2156). 

It may be reduced by bydriodic acid and red 

S hoaphorus in a sealed tuM (Dziewofiski et tl , 
.CS. 1924, 126, >, 1056) or catalyticaUy uiing 
nickel at 230° and 200 atmospheres pressure (von 
Braun, Ber. 1934, 67, [Bl, 214). Sulphonatioti 
yields a trisulphomc acid, the alkali salts of 
which dye wool various shades of red and 
violet from an acid bath (Dziewofiski and Poch- 
walski, A. 1926, 279, O.P. 379618, U8P. 
1496085). 

Klamer and Woszczerowicz (Chem. Zeotr 
1934, I, 1760) describe both absorption and 
fluorescence spectra. 

DECAM ETHYLENEDICARBOXYUlC 
ACID, COgH [CH.],o CO,H. The ester i» 
prepared by electrolysis of potassium etb}I 
pimeUte in alkaline solution (G. Komppa, 
Bp.i.l9ab,34,9Qft •, .I.Wa.\k«t«5d.I>Lj«aulen.. 
J.C.6. 1901, 79, 1200). It is also obtained bv 
adding bydrobromic acid to undecylinic methyl 
ester and converting this to the nitnie ester 
with subsequent hydrolysis (Walker and 
Lumsden, le., B. Noerdlinger, Ber. 1890, 23, 
2357. For related methods, see J. von Braun, 
Ber. 1909. 42, 4550 ; A. Franke and A. Kroupa, 
Monatsh. 1030, 56, 331). A commercial pro- 
cess utilises dicyclobexanol which is oxidised 
(chromic acid) to diketodecamethylene-aw-dicar- 
boxylic acid and this last is reduced by the 
Cletnmcnsen method (Q.P. 602837). Decs- 
methylene ax-dicarboxylic acid has also been 
obtained by oxidising several natural products, 
« g. behenolio acid (T. Maruyama, Ptoc. Imp. 
Acad. Tokyo, 1934, 10, 467; the revene 
synthesis has been effected by J. L. Simonsen 
and co-wQtkera, J.C.S. 1928, 2678) ; isooleio acid 
(K. U. Bauer and J.Mitsotakia, Chem. Umschau, 
1938, 85, 137) ; isoerucio acid (J. L. Simonsen 
and co-workers, J.C.S. 1027. 371); A hydroxy 
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stearic acid (Y. Asahina and H. Takimoto, J. 
Pharm. Soo. Japan, 1929, 49, 166) ; and by 
reduction of a decadiene acid contained in 
sardine oil (Y. Toyama and T. Tsuohiya, BuU. 
Chem. Soo. Japan, 1936, 10, 192). 

Deoamethylene-o»c-dicarboxylio acid has m.p. 
126° (Maruyama), 126'6° (Eranke and Kroupa), 
129° (corr.) (D. A. Fairweather, Proo. Roy. Soo. 
Edin. 1925, 46, 71). For X-ray measurements 
of the acid and esters, see A. Normand, J. Rosa, 
and E. Henderson, ibid. 1926, 47, 69 ; J.G.S. 
1926, 2632. 

The half-esters yield esters of eioosane-l:20- 
dicarboxylio acid on electrolysis (D. A. Fair- 
weather, l.c. ; L. Ruzicka and co-workers, 
Helv. Cbim. Acta, 1928, 11, 1174). cycfo- 
Undecanone and cyclodokosane-l:12-(iione are 
formed on distilling the rare earth, salts {e.g. 
thorium and particularly yttrium) of the acid 
(B.P. 235540 ; L. Ruzicka and co-workers, 
Helv. Chim. Acta, 1926, 9, 249 ; 1928, 11, 670. 

DECCAN GRASS CEREALS, Millet 
(Vol. II, p. 482c). 

DECHENITE. Lead vanadite containing 
zinc and manganese. 

D EC H O L I N . Trade name for preparations 
containing dehydrocholio acid, employed in 
treating hepatic diseases {Riedel- de Haen, 
Berlin, ; Old Strand Chemical and Drug Co., 
London). B.P.C. 1934. 

DECOLORISING CARBONS v. 
Charcoal, Activated. 

DECYL ALCOHOL (and ACETATE). 
ji-Deoyl alcohol, CiqHji'OH, is used, but in 
very small amount, in perfumes of the rose, 
neroli, and orange type. Not more than 1% 
should be used in rose perfumes. Sp.gr. at 
16-5° 0-836, n^^ 1-4376, b.p. 232°. Decyl acetate, 
CioHjj-OOC-CHj, has a sweet, fruity odour, 
and is used to give a distinctive note to many 
floral perfumes. B.p. 190°. 

E. J. P. 

DECYL ALDEHYDE, ti-CjHjg-CHO. This 
synthetic perfume is so powerful that it is 
usually sold in a 10% alcohol solution, and must 
be used in traces oidy. It has an intense, sweet 
odour, allied to that of orange, and is used — ^in 
traces — ^in floral compounds of the jasmin, rose, 
violet and wallflower types. When freshly made 
it melts at 18-20° ; b.p. at 12 mm. 94°, at 760 
mm. 210° : sp.gr. at 15-5° 0-828 ; 1-4296. 

E. J. P. 

DEGALOL. m-Dihydroxyoholic acid for 
the treatment of cholelithiasis. (Riedel-de Haen ; 
Old Strand Chemical and Drug Co.) B.P.C. 
1934. 

DEGRAS (MOELLON) or SOD OIL is 

the waste fat recovered as a by-product from the 
chamoising (oil-tanning) process, and is used 
for the currying (stuffing) of heavy leathers and 
the fat-liquoring of light leathers ; its value 
for these purposes is such that in some factories 
skins are chamoised solely for the sake of pro- 
ducing, the moellon. For the production of 
chamois leather, the flesh-splits of sheepskins 
are used, which are usually de-limed by 
“ drenching.” The wet skins (partially dried by 
“ stocking ” with saw-dust) are stretched on 


tables and rubbed with fish oil — in England 
cod (liver)-oil is chiefly used, but whale oil and 
seal oil are also employed on the Continent, and 
menhaden oil in America — and then pummelled 
and worked in the “ stocks ” so as to become 
thoroughly impregnated with the oil. The skins 
are then hung in the air to cool, and the process 
of rubbing in the oil, stamping in the stocks and 
airing is repeated until enough oil has been 
adsorbed. By the exposure to the air, the oil 
undergoes partial oxidation and hydrolysis, 
which is accompanied by the evolution of 
volatile products, among which acrolein is 
noticeable in the later stages. In the so-called 
English or German methods of working, the 
j oxidation is promoted by piling the skins 
together in boxes or in covered heaps (after, 
or between, the stockings) in order to retain 
the heat generated by the oxidation ; the 
skins must be turned or cooled occasionally, 
however, in order to prevent overheating. In 
the French method the skins are ‘‘ stocked,” 
aired, and “ fermented ” under milder con- 
ditions than in the English method, so that the 
oil becomes less thickened, and it is possible 
to recover a large part of the surplus un- 
adsorbed oil by steeping the leathers in warm 
water and wringing them, or pressing them in 
hydraulic presses : the fatty matter so ex- 
pressed is termed premikre torse moellon {molUon 
dSgrasmthe United States).t Afurther quantity 
of grease is recovered from the skins by washing 
them with hot solutions of soda or potash, as is 
done in the English or German methods; 
the inferior d4gras obtained in this way is 
frequently added to the moellon. In the 
classical English or German method of working, 
the oil becomes so thickened as a result of the 
more intense heating that it cannot be pressed 
out of the skins, and the whole must be recovered 
by washing with hot alkaline lyes ; the emulsion 
so obtained is acidified with sulphuric acid, 
when the fatty matter separates and can be 
skimmed off. This product constitutes the 
sod oil of commerce. According to Proctor, 
however, many English manufacturers have now 
adopted a modified procedure, akin to the 
French method, and recover a considerable 
quantity of moellon by pressure (Proctor, 
“ Principles of Leather Manufacture,” 2nd ed., 
1922, p. 459) ; the same is the case in American 
practice (c/. J. A. Wilson, “ Chemistry of 
Leather Manufacture,” A.C.S. Monograph, 1929, 
vol. II, p. 719). 

The mechanism of the changes that occur 
during' chamoising is stiU very imperfectly 
understood. Evidently considerable oxidation 
and hydrolysis of the oil takes place, and part 
of the applied unsaturated oil enters into some 
form of irreversible combination with the skin 
substance, since only a limited portion of the oil 
adsorbed by the leather can be recovered by 
extraction with solvents : moreover, the skin 

’ It may be noted tliat in the United States wool 
grease is commonly known as " d^gr.as ” or “ sod oil," 
and must not be confused with the " moSIlon d^gras " 
obtained from cod-liver oil by chamoising. In 
Eiuope, also, the term "d^gras” is indefinite, as it 
I also embraces the mixed commercial stuffing peases 
and leather-greases obtained from tanned skins and 
I clippings. 
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undergoes a. true tanning (“ eul tannage 
Btncc extraction with solvents does cot restore it 
to the condition of pelt, as is the caso if it u 
attempted to “ chamoiso ” the akin with a 
eatorated acid, e g. eteanc acid. Chamhard 
andSlichallet (J. lot. Soc. Leather Trades Oiem 
1027, It, 5501 cegard Uia chamntsiog piocesa 
as corapnsiog two distinct reactions, i«. (1) the 
tanning proper, whereby the moist skin suli- 
stance is converted into the more stable feather- 
substance by the action of the unaatnrated oil 
with the participation of oxygen (c/. Laulf- 
mann. Lcderteeh. Rundschau, 1926, 28, 191), 
and (2) a secondary “ stuffing ” or nourishing 
action whereby tclatively inert and polymerised 
denvatives of the oil are adsorbed by the leather 
fibrils. The first reaction may take the course 
suggested by Fabnon (Z. aneew. Cbem. 1891, 
4, 172, 634j 1903. 16, 670; 1909. 22. 2083, 
ef. Jfeumer and Seyewetz, CoU. 190^ 203, 
Cbim, et Ind. 1918, (i), 79), m. (i> a peroxida 
tion of at least two of the unsaturated linkings 
of the poJyelhyJcnic fatty acid chain, follotred 
by (»i) the combination (oxidation) of two 
protein (ammo) groups of the skm-substance 
with one of the peroxide groups, whilst the 
' hydrogen eo liberated is absorbed at tbo second 
peroxidiacd liakmg to form a labile di hydroxy 
group : the latter may pass finally into a more 
stable form, perhaps by Uctonieation with the 
carboxyl group liberated by hydrolysis of the 
Oil. Tautomerio change of the dibydroxy 
groups into the keto hydroxy form, or the 
coBTersion of peroxide groups into monoxide 
(epoxide) groups and other subsidiary oxidation 
naetiona may account for the formation of the 
inert “ oxidised " acids or their glycerides 
which are found m the unadaorhed mdUon, and 
for the appearance of other oxidation products 
(aldehydes, TOlatilo fatty acids, etc.) during the 
chamoising process. Fahnon’a theory that the 
intermediate, labile oxidation denxatirea (per- 
oxides ?) of the oils or fatty acids are the actual 
tanning agents is supported by the fact that 
neither recorered d^gras, nor “ blown oils,” 
nor the *' oxidised acids ” from these, possess 
appreciable chamoising power. The presence of 
moisture in the skin is essential in older to 
bring it to the condition of a permeable, re 
active gel; it is probable, however, that the 
water also plays a chemical idle — ^in tbo partial 
hydrolysis of the oils, for instance. True 
tanning (chamoising) can also be procured by 
means of linseed oil, but the resultant Jeatber 
is inferior in suppleness and softness to a good 
chamois leather prepared by means of cod liver 
oil ; a harsh leather is also obtamed when 
fish oil fatty acids are used in place of the 
glyccndea <«/. Fahrion, Q.P. 338476; Lewko- 
vntsch and Wood, B.F. 13120, 1911), and the, 
recovered digras is unsatisfactory. 

MoSllon possesses cansiderable emulsifying 
powers, and contains usually about 20-25% of 
water ; the most cbaractenstlo constituents are 
the resinous '* oxidised Catty acids ” obtained 
upon saponification, and termed digra* former 
{digragiM, I>igTaahldner) by Simand (Gerber, 
1690. 16, 213, 254, 206, 279) ; these areinmluble 
in light petroleum, but soluble in alcohol and 
alkaline solutions, from which they are re- 


pretipitated by the addition of mineral acid; 
accoi^ng to I'ahrion, they consist of a com- 
plicate mixture of oxidised (peroiidised, 
hydroxy lated f) acids. 

The characters of pure “ moellon-d^gras ” are 
illustrated by the figures in Table 1 (due to 
J.A.'WiIaon^op. c»t ,p. 800 ; Wilson andllereJl, 
“ Analysis of Leather,” 1931. p. 383) ; ef. ako 
Buhsam. J.S C.1. 1892, 11. 639 ; Tortelb, Ann. 
d Lab, chim. il. Gabelfe, 1897, 184; Schmitz- 
Dumont, Dingl. Polyt. J. 1896, 296, No. 9-11; 
(these, with other figures, are reproduced by 
Lewkowitsch in “ Oils, Fats, and Waxes,” 
voL III (6th ed.), 1021, pp. 435-9). 

htoSUon 13 not used in ita pur© elate for cuny- 
ing, but is mixed with fish or blubber oils, tallow, 
etc , and sometimes wool grease, to form the 
ordinary commercial dfgras ; according to 
trade custom, such products are regards as 
genuine. (Standards for eommereial moellon 
and dfgras, issued by the German Vetband dw 
Degras u. Lederoelfabnkanten (cf. Gnamm, 
“J)ie Fettegtoffo in der Loderindustno,” Stutt- 
gart, 1926, p. 635) are shown in Table II.) On 
the other hand, numerous substitutes for degras 
or ortifieial digras occur m commerce, which 
cooaist of highly adulterated ddgrai, the 

Tablb I. 
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adulterants including mineral oils, blown oils, 
rosin, blown rosin oils, etc. ; according to the 
German standards {see above) rosin is not 
tolerated in “ moeUon ” or “ ddgras,” but may 
be accepted in produets sold as “ leather oils ” 
provided its presence is declared. 

For methods of analysis of degras, cf. 
Lewkowitseh, “ Oils, Fats, and Waxes,” vol. Ill, 
Ch. 16 (2); Auerbach, CoU. 1931, 311; (pro- 
visionally adopted as ofiScial methods by the Int. 
Ver. Lederind.-Chem.) ; Immendorfer, Collegium 
1925, 135; American standard methods — J. 
Amer. Leather Chem. Assoc. 1927, 22, 567. 

E li 

DEGUELIN u. Deems. 

DEHYDRASE, DEHYDROGENASE. 

The reducing enzymes are the most labile bio- 
catalysts known. Their isolation from the 
tissues by methods analogous to those used for 
the hydrolysing enzymes is usually impossible ; 
perhaps they are closely bound up with the 
structural elements of the cell. They are 
usually studied by Thunberg’s (Skand. Archiv. 
1920, 20, 1) methylene blue technique, which 
consists essentially in determining the reduction 
time of the dyestuff in the presence of the cell 
and its substrate, the experiment being made in 
vacuum tubes under anaerobic conditions. 
The substances which reduce the dyestuff are 
known as hydrogen donators, the substances 
which can be reduced in presence of the cell are 
termed hydrogen acceptors and the catalysts as 
dehydrogenases. 

Whilst many substances are active as donators 
in presence of the cell, many others, closely 
related in chemical structure, are inert. It is 
considered, in explanation of this selectivity of 
action, that there are relatively few dehydro- 
genases, but that each deals with a particular 
type of molecule rather than with a specific 
substrate (Quastel, Trans. Faraday Soc. 1930, 
26, 853). Quastel has emphasised that the 
essential happening is a change in the substrate 
molecule as a whole prior to reaction. This is 
spoken of as the activation of the molecule 
(Ergebnisse der Enzymforschung, 1932, 1, 
209). 

Methods of preparing active dehydrogenases 
from tissues by crushing them very finely in a 
steel ball mill are described by Ogston and 
Green (Biochem. J. 1935, 29, 1983, 2005). 

The principal dehydrogenases distinguished 
act on succinic, malic, formic, citric and lactic 
acids, xanthine and alcohol. 

Snooinio dehydrogenase converts succinic acid 
into fumario acid in presence of methylene blue. 
It is present in baeteria and in muscle tissue 
(Thunberg, Skand. Arch. Physiol. 1917, 35, 
165 ; Wieland and Frage, Annalen, 1929, 477, 
1). It has a high specificity. 

The so-called Schardinger enzyme of milk 
converts aldehyde to acid, hypoxanthin and 
xanthin to uric acid (Wieland, Ber. 1914, 47, 
2086 ; Annalen, 1929, 477, 32 ; 1930, 483, 217). 

The dehydrase of the acetic bacteria converts 
alcohol into aldehyde and this into acid, the 
oxygen acting as acceptor in presence of the 
enzyme. An alternative theory is that a second 
molecule of aldehyde acts as acceptor for the 
first (Wieland, Ber. 1913, 46, 3327; Wieland 


and Bertho, Annalen, 1928, 467, 95 ; 1929, 474, 
1; Bertho and Baso, Annalen, 1931, 485, 26; 
also summary by Bertho, Ergebnisse der Enzym- 
forschung, 1933, 2, 204). The acceptor used for 
studying these reactions is quinone. 

Citric acid dehydrase is present in the liver and 
in vegetable material acting on citric acid (Bem- 
heim, Biochem. J. 1928, 22, 1178 ; Thunberg, 
Amer, J. Physiol. 1931, 90, 640). 

The dehydrases of seeds have been studied 
by Fodor (Biochem. Z. 1930, 225, 409, 417 ; 
1932, 246, 4). The subject is too involved for 
further treatment here; reference is made to 
the most recent summary articles by Quastel 
and by Bertho in Ergebnisse der Enzym- 
forschung, 1933, 1, 209 ; 1934, 2, 204. 

^^3 1^4 

DEHYDROTHIO-m-XYLIDINE, 


r'W 



is prepared together wth about an equal amount 
of iaodehydrothio-m-xplidine when m-xylidine 
is heated with sulphur. The excess of m- 
xylidine is removed by distillation and the 
residue treated with hydrochloric acid in which 
the iso-compound is insoluble. Dehydrothio-m- 
xylidine has m.p. 107°, b.p. 283714 mm., is 
insoluble in water, readily soluble in hot 
alcohol (Anschutz and Schidtz, Ber. 1889, 22, 
582 ; Paul, Z. angew. Chem. 1896, 9, 679), and 
may be sulphonated (G.P. 593632). 

Both dehydrothio-m-xylidine and the iso- 
compoimd yield azo-dyes, but only those from 
the latter are substantive to cotton. iso- 
Dehydrothio-m-xylidine, m.p. 121°, has been 
shown to have the structure : 



(Anschutz and Schultz, Ber. 1925, 8, [Bj, 

64). 

DEKOL, Sulphite cellulose waste liquor 
used as a wetting-out agent. 

DEKRYS I L. Trade name for 4:6-dinitro-o- 
cresol, used in the treatment of obesity (British 
Colloids, London). B.P.C. 1934. 

DELATYN ITE u. Amber ob Succinite. 

DELCOSINE V . Dbkphinitjm Species, 
Alkaloids op. 

DELPHIN is the 3:5-digluooside of del- 
phinidin (q.v.). Qualitative tests (Robinson and 
Robinson, Biochem. J, 1931, 25, 1687) had 
already indicated the possibly wide occurrence 
of an anthocyanin of this type when Reynolds, 
Robinson and Soott-Monorieff (J.C.S. 1934, 
1235) succeeded in isolating delphin from the 
bright blue flowers of Salvia patens. The pig- 
ment, which is present as a complex acyl deriva- 
tive, is accompanied by a large proportion of 
anthoxanthins. The latter remain in solution 
when aqueous lead acetate is added gradually 
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to a eolntion of tlie mixtore in metkjl alcoliolic 
HCI, the anthoe^aoia being precipitated as a 
lead salt. Hydrolysis of acyl groups occurs 
vben the regenerated anthocyanin is kept in 
contact with aqneonS'alcoholic HC)> and 
reciystalLsation of the simplified pigment giees 
delphln chlonde. The pure diglucoside eeparalea 
from 3% HCI ia bomogcDeous> flat, leaf-bke 
crystab having a strikmg bronze reflex, and 
ivhea dried in air consist of a InXydralt, 
C„H„0„Ct,3H,0. 

The ehloridt is very sparingly soluble in cold 
vater, alcohol and dilute acids, but it dissolves 
readily in hot dilute HCI. The pseudo base 
ia formed when the chloride la heated with water 
or alcoboL The solution m aqueous sodium 
carbonate is bright pure blue fading alowly to 
cleargreen. Sodium acetate gives a violel-blue, 
and ferric chloride added to the aqueous solution 
develops a blniah-vialet coloration In alcoholic 
solution the iron reaction is violet blue A royal 
blue precipitate is formed when lead acetate 
is added to a solution of the chloride. Hoiliog 
10% HCI hydrolases the anthocyanin to del- 
. p hmidin chloride (1 mol ] and glucose (2 mob ) 
Careful comparison of the colour reactions of 
delphin with those of synthetic antbocyanins of 
known constitution enabled Beynolds, Itobinsoo 
and Scott Honeneff (he ). to relate delpbin to 
cyaiun that is. to assign to delpnin the 
constitution of a 3 5 diglucoside of delphinidin. 
Dslphia chloride was synthesised by condensing 
together in ice cold ethyl acetate solution 
saturated with dry HCI 2'0-tetra>8cetyl fi- 
glucosidylphloroglucmsidebyde (I) and 
tetra acetyl • p • clucoaidoxy > 3 i-5 • tnacetoxy • 
acetophenone (if). An acetylated anthocyanin 
resulted from which delpbin chloride (III) was 
ohtamed after hydrolysis with methyl alcoholic 
banum hydroxide and treatment with dJute 
sulphuric and faydrochlono acids. 




Both the natural and synthetic anthocyanin 
have identical quantitative colour reactions, 
abeorption spectra in 0-1% methyl alcoholic 
HCI, and distribution ratios between 05% HCI 


and n-hotyl alcohol. A aaturated eolation of the 
natural anthocyanin in 1% methyl alcohoho 
HCI is incapable of dissolving even traces of the 
synthetic salt, and vice versa ; on the other 
lund. the chlorides of malvin, cyanin and meco- 
cyansn dissolve in the mixM nataral and 
synthetic delphm solutions. 

Auobanin, the colouring matter of the flowers 
of Cammehra eommunts var. horUnsts Making 
IS a derivative of delpbin. Both the cAloride 
and the picrate crystallise with 6HjO. The 
results of analysis and hydrolysb indicate 
that it b an ester derived from delphm (I nol) 
and p>caumane acid (1 moL) (Cmka Kuro^, 
Bull Chem, Soc. Japan, 1036, 11, 265). 

W. B. 

DELPHINIDIN, first obtained by Will- 
st&tter and Mieg (Annalen, 1915, 408, 61) by 
hydrolysis of delphmm (^c,), has since been 
recognised as one of the most widely distributed 
anthocyanidms An acylated monoglncoside, 
Genliatitn, occurs in the flowers of Genbana 
acauliAi an acylated rhsmnoglucoside, Fiolaain, 
IS present in the flowers of the violet pansy 
(Tiolu trteolor L). Viem, the colouring 
matter of the scarlet-red vetch ( Fieia L), b a 
mutore of a monoglucoside and a mono 
rhamnoaide of del^midm. The egg-plsnl 
(Solanum Mel(mgena L., vac. eseuknluvt Ness) 
owes its colour to Nasvntn, a 3 bioside of 
delpbuudio A dimethyl ether, Jilahtdin, » a 
component of many «nthocyamns amongit 
which are Maltin, Oentn (s^. Atnptlopstn, 
Cydam$n), Prsmulw, and NegrtUtn. A tn* 
methyl ether, Ntrsutidm, occurs m the digluco- 
side Hirsultn, and Petumn may be the corrs* 
epoodmg diglucoside of a delphinidin mono* 
methyl ether (Bell and Robinson, J,C,S 1931, 
16M). 

I>elphnidin chhridt, CijHixOfCI, 



may be obtained by hydrolysing any of the 
related glycosides by short boiling with 20% 
HCI, or synthetically as described below. 
Willstatter end Wefl (Annalen, 1916. 412, 178) 
have described four distinct hydrates having 
IH.0, 1 -SHiO, 2H,0, and 4H,‘0 respectively, 
wimst Reynolds, Rooinson and Seott-SIoncneff 
(J.ChS. 1934. 1239) have encountered a fifth 
form with 3 SH^O. The rnonohydrale separates 
from cold 3-5% HCI as thin, sharply-cut, 
decp-violet rhombic tablets. The sesquthydratt 
crysUUiscs from HCI of more than 20% 
concentration. It is readily obtained by adding 
concentrated HCI to a solution of delphinidin 
in water or dilute HCI j an amorphous p«- 
npitate is first formed but this soon crystallise* 
The dxhydraU is obtained when the solvent is 
allowed to evaporate slowly from a solution of 
delphini^’n in jcohol to which 7-20% HCI 

hasbeenadded ; itformsaggregatesofpnsmstie 

iableta. The Utrahydrafe separates from aoia* 
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tion in 6% HCI in the form of fine red-brown 
prisms and needles. Of the various forms the 
sesqui- and icira-hydrates are most easily 
prepared. Robinson’s hydrate was obtained by 
dissolving delphinidin chloride in 0-5% HCI 
and increasing the acid concentration to 10%. 
The chloride is easily soluble in methyl or ethyl 
alcohol and in water to violet solutions ; it 
dissolves with difiSculty in dilute sulphuric acid. 
Sodium carbonate added to a solution of the 
chloride gives a pure blue coloration. With 
ferric chloride the alcoholic solution gives a pure 
blue, whilst in aqueous solution the colour is 
violet and less stable. The absorption spectrum 
consists of one fairly well defined band in the 
yellow-green region. The anhydrous chloride 
does not melt below 350°. The sulphate 
separates from hot dilute sulphuric acid in long 
prisms. The picrate forma fine red-broum 
needles and prisms difficultly soluble in water. 
The iodide is of particular interest, since it is 
easily obtained crystalline even when it is 
derived from crude specimens of delphinidin. 
It separates when concentrated H 1 is added to a 
solution of the chloride in dilute HCI and 
crystallises from hot dilute H I in elongated 
rhombic plates which are frequently arranged in 
rosettes. The crystals are deep-red by trans- 
mitted light and exhibit a marked yellow glitter. 
An aqueous solution of the chloride soon deposits 
violet flocks of the colour-base. The pseudo-base, 
Cj'jHjjOj, is formed when a dilute solution 
of the chloride is warmed with a trace of 
sodium dihydrogen phosphate. It has con- 
siderable crystallising power; extracted with 
ether and recrystallised from ether or water it 
forms colourless prisms which become violet 
when heated above 120°. It is easily soluble in 
alcohol, acetone, ethyl acetate or glacial acetic 
acid, but is less soluble in ether and insoluble 
in benzene. It dissolves in aqueous sodium 
carbonate to a yellow solution. DUnte HCI 
regenerates the chloride. 

Delphinidin chloride dyes unmordanted wool 
violet. On tin-mordanted wool the dyeing is 
blue with a violet tinge. Tannined cotton is 
dyed blue- violet. 

An indication of the constitution of delphinidin 
was obtained by Willstatter and Mieg (l.c.), who 
considered that phloroglucinol, pyrogallol, and a 
small amount of gallic acid were the products 
obtained on hydrolysing delphinidin chloride 
with 75% KOH at 250°. Complete proof of 
structure was provided by Pratt and Robinson 
(J.C.S. 1925, 127, 173), who condensed a)-3:4:5- 
tetramethoxyacetophenone with 2-hydroxy-4:6- 
dimethoxybenzaldehyde in ether saturated with 
dry hydrogen chloride, and obtained delphinidin 
chloride hexamethyl ether. Demethylation with 
HI (sp.gr. 1-7) and phenol gave delphinidin 
iodide, from which the chloride, identical in all 
respects with that obtained from natural sources, 
was obtained by wanning in alcoholic solution 
with silver chloride. A more convenient method 
of preparing delphinidin consists in condensing 
2-O-benzoylphloroglucinaldehyde with <o-3:4:5- 
tetra-acetoxyacetophenone to benzoyldelphini- 
din chloride, from which delphinidin is obtained 
by successive treatments in an inert atmo- 
sphere with aqueous KOH and HCI (Bradley, 
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Robinson, and Schwarzenbach, J.C.S. 1930, 
793). 

Delphinidin chloride may be distinguished 
from other anthocyanidins in that it is not 
extracted from 1% hydrochloric acid solution 
by the so-called “ delphinidin reagent.” This 
consists of anisole (4 vois.) and ethyl amyl 
ether (1 vol.) containing 5 g. picric acid in 
100 c.c. of the mixed solvents. Aerated dilute 
acid solutions of both delphinidin and petunidin 
are immediately decolorised as the result of 
oxidation when they are mixed with excess of 
10% aqueous sodium hydroxide (R. Robinson). 

W. B. 

DEL PH IN IN, the pigment of the purple 
wild delphinium (Delphinium Cqnsolida Linn.), 
was isolated by Willstatter and Mieg (Annalen, 
1915, 408, 61). It is an ester of a delphinidin 
diglucoside (1 mol.) and p-hydroxybenzoic acid 
(2 mols.), the acyl residues being attached to 
phenolic hydroxyl groups (Kondo, Helv. Chim. 
Acta, 1928, 11, 919). Delphinin is best isolated 
as the chloride, C41H39O21CI, which appears 
to crystallise with 1 2 H 2 O, of which only 1 0HjO 
can be removed by d^ing in high vacuum at 
130°. It forms deep red prismatic tablets or 
prisms, and dried as above sinters at 150-160°, 
then melts at 200-203° with decomposition and 
swelling. Although easily soluble in methyl 
alcohol, it dissolves -with difficulty in ethyl 
alcohol, in HCI of more than 0-5% concentra- 
tion and in dilute sulphuric acid. The solution 
in sodium carbonate is blue, and ferric chloride 
added to an aqueous or alcoholic solution 
gives a blue colour. The salt is optically 
active; [a]c=-1364°(±150°) ; =-2273° 

(±150°). Its absorption spectrum consists of 
one broad band. When the neutral aqueous 
solution is allowed to stand the colour base 
(rosettes of violet needles from aqueous alcohol) 
is formed ; pseudo-base formation is not 
observed even when the chloride is warmed with 
water. The picrate, obtained as a flocoulent 
red-brown precipitate, is very difficultly soluble 
in water. 

W. B. 

DELPHININE v. Delphinium Species, 
Alkaloids or. 

DELPHINIUM CONSOLIDA. Delphin- 
ium Consolida is a common European plant 
belonging to the larkspur family ; its name 
refers to its powers, real or imaginary, of healing 
or consolidating wounds. The blue flowers were 
examined by Perkin and W ilkins on (J.C.S. 
1902, 81, 585) to determine if these yield the 
same colouring matters as those previously 
isolated from the flowers of the D. zalil (ibid. 
1898, 73, 267). The presence of kaempferol 
only, however, could be detected. For its 
isolation an aqueous extract of the flowers was 
digested at the boil with addition of sulphuric 
acid, and the brown resinous product which 
separated on keeping, extracted with alcohol, 
and the extract concentrated. Addition of 
ether to this solution caused the precipitation 
of resinous impurity, and on evaporating the 
ethereal liquid a semi-ciystaUine residue of the 
crude colouring matter was obtained. The 
product was converted into the acetyl deriva- 
tive, and this, after purification, retransformed 
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into colouring matter. The yield was approxL 
mately 1%. 

Ktunpfvei, CjiHjgOe. yellow needles, mp. 
276-277% is Eoluole la alkalme solutions with « 
yellow colour, and forms ciystalline oxonium 
salts with mineral acids. IVhen. fused with 
alkali, it yields phloroglucinol and p hydrosy- 
henzoicacid. 

To kaempferol r. Kostanecki (Ber. 1901, 84, 
3723) assigned the formula (I), and its synthesis 



was subsequently effected by t. Kostanecki, 
Lampe and Tambor (i&id. 1901, 37, 2006) from 
2 hydrOCT-4 6 4'.tnmethoxycha!konft <1I) by 
the usual method of ffaronol synthesis. The 
laempferel B.7i4'*trnn«ftyl eOitr, pale yellow 
needles, m.p. 151-152®, thus obtained yielded 
kaempferol (I) on demetbylation. | 



Robinson and Shlnoda ( J.C S 1025. 127. 1973) 
synthesised kaempferol by heating (•'■metboxy* 
pbloracetophenooe (III) with anisic aobydride 
and sodium anisate. The product, on 
hydrolysi*, yielded kaempferol 3 4'-oi we/Ayf eiier, 

E slo yellow platelets, in p. 234®, from which 
sempferol was obtained by demethylation 
TeiraaeetyUaemp/erol, when crystallised from 
methyl alcohol, forms colourless needles, and 
when heated commences to melt at 116® and 
becomes completely fluid at 120°. On further I 
healing, howerer, gradual solidificaticm ensues' 
and the product subsequently melts at 161-182®.! 
This pecuhanty of acetylkaempf^rol, which is | 
not apparent when lb© substance is crystallised ' 
from ethyl alcohol, affords a conreoient method | 
for its detection. i 

Kaempferol possesses well defined dyeing I 
propertiea, and gives with mordanted woollen | 
cloth the following shades which closely resemble , 
those given by morin : I 

Chromium jilumtnium Tin Iron I 
Brownish- Yellow Lemon- Deep 
yellow yellow olive-wown 

Kaempferol Is also present in the Impoiiena 
B<d»amina (Chantih Pass), tht Erythrina ttneia 
(vernacular name “ Kon kathet ”) (Perkin and 
Bhulman, Proo. Chem, Soc. 1914, 80, 177), th© 
berries of the Hhamnus eaiharlieus, and together 


with quercetin, both apparently as glucosides, 
in the flowers of the Prunuj apirtoea (Perkin and 
Phipps, J.C.S. 1904, 85, 66). 

Kaempferiie (kaempferol 4'-methyl ether) 
exists ut galanga root (y.v.). 

The following glucosides of kaempferol are 
known: Robin\n, which occurs in the flowers 
ol Robmia Paeudo-Acaeia (q.v.)s laempfentrin, 
fboad ia the leaves of the Ivdigofera arrtefe (sm 
Imioo. Natural) ; kaempfertn, which has 
been isolated from Casaia angualtfdlta, Vail. 
CTntin, J.C.S, 1913, 103, 2006); mulii/orin, 

I present in J?<w(imj/hi/ora(Koiidae/af,J.Pliirm. 
Soc. Japu, 1929, 49, 36, 183) ; and a kaempferol 
rJtamnoaide which exists in the blossoms of 
Acacta diacolor, A. hntfolta, A. deciirrens (var. 
moUts), and A. longifolia (Petne, Biocbem. J, 
1924. IB, 957). 

WiDstatter and Mieg (Annalen, 1915, 408, 61) 
isolated from the flowers of D, ConaoUia the 
antbocyanin, delpbintn (g.v.). 

A. G. P. and E. J. C 

DELPHINIUM SPECIES. ALKA- 
LOIDS OP. Larkapur, pied d’aloutlle, 
dauphxn (Fr.), ExlUrapom (Ger.). Fam.Ranunru' 
lacem. About 12 delphinium species are known 
to contain alkaloids, but orJy the constituents 
of b. Ajacia, D. CmaoUda, and D. StaphiMjna 
have been studied to some extent. Heyl (J C 8. 
1903r 84, I, C50) isolated a mixture of bases 
which ha called delphocvramn^ from the roots of 
D. btedor (0 27%), V. Menmeaiv (0 35%), D. 
Nelaonu (0-72%), and D.acopuUmmrnr. aladiyi. 
(I 3%). Tbebaaesweroextractedby60%alconol 
contauung tartano acid. The white amorphous 
mutui© exerted a strong curare like action 
(c/. liOhmann, Pfluger’s Archiv. 1902, 92, 898). 
f^m the mixture, a small fraction of a crystal- 
line base, C|sH„0,N(t), waa isolated, mp 
184-)85* (from ether and light petroleum), 
soluble in EtOH, Et,0, CHCI,, benzene, 
spariagly soluble ia Lght petroleum ; it contains 
18 03% OMe, but docs not give ciystalline 
salts or characteristic colour reactions. 

Uncbaracterised alkaloids are recorded from 
D. glaucum, D. Otytri (Heyl, llopner and Loy, 
J. Amer. ^em. Soc. 1913, 86, 8S0), and D 
Atideramii Gray (Miller, Amer. Chem. Abstr. 
1923, 17. 3073). According to Keller (Arch. 
Phatm. 1925, 263, 275), D. efetum conlaina an 
alkaloid, C„Hj,NO, (0 35%), melting at 218°, 
the Oily mother liquor is said to contain tvo 
mora alkaloids, but no further details have been 
reported. 

£>. Ajaeia contauis alkaloids of a considerably 
smaller molecular weight, from an alcoholic 
extract of the seeds Keller and Vdlker (Arch. 
Pbarm. 1913, 251, 207) succeeded in laolitiog 
two new bases. 

AJacine, CisH,,N04+H,0, separates from 
dilute EtOH, m.p. 142-143®, soluble uv MeOH. 
EtOH, CHCtj, benzene, Lgroin, acetone, 
sparingly soluble ia EtsO and CHyCOiEt, 
insoluble in HjO. It is alkaline in reaction, 
yields readily soluble salts, which ciystall^e 
with difficulty (hydrochloride, sulphate). The 
base contains three OMe groups. 

AJaconin, Ct}Ht|NO.. crystallises in prisms, 
ia.p. 162°-163°, is probably a secondary base, 
does not contain methozyl groups, yields a 
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cryetalline methiodide, m.p. 121°, and an 
amoiphoufl di-benzoate. 

R. consolida : ^ (common larkspur, Feld- 
rilkrspom, Ger.). Keller (Arch. Pharm. 1910, 
248, 468) isolated three alkaloids from this 
plant (crude hydrochlorides 1%), one being 
ciystalhne, m.p. 195-197°, soluble in EtOH, 
CHCI3, acetone, MeOH, sparingly soluble ini 
EtjO and CHj'COjEt, insoluble in HjO, 
strongly alkaline. Markwood (Amer. Chem. 
Abstr. 1925, 19, 874) re-investigated D. consolida 
and isolated two crystalline alkaloids, del so line, 
C25H41NO8, m.p. 207-209°, soluble in EtOH 
and CHCI3, and delcosine, C21H33NO3, m.p. 
198-199°, soluble in EtOH and CHCI3, spar- 
ingly soluble in EtjO, the latter being probably 
identical with Keller’s crystalline base (see above). 

D. Slaphisagria : (stavesaore-seeds, Slephans- 
kraut, Lausehraut, Ger.). For early literature, 
c/. Walz (Arch. Pharm. 1922, 260, 9). The most 
important alkaloid is delphinine, Cs^H^^NOj, 
m.p. 187-6-188-5°, [a]^“ -H8-9°, crystaUiscs 
from EtjO or acetone, soluble in the usual 
erganie solvents. The aeid oxalate is eharaeter- 
istic, it crystallises in needles, m.p. 186° (dried). 
Delphinine is a tertiary base (methiodide, m.p. 
196°) it contains one free hydroxyl, one benzoyl, 
and four methoxylgroups. Delphinine, hke 
most of the D.-alkaloidS, is apparently structur- 
ally related to aconitine. Keller and Schmfechel 
(Arch. Pharm. 1925, 263, 276) give a detailed 
account of the extraction of staphisagria-seeds 
(yield 0'16% total alkaloids) from which 0-11% 
crystallised delphinine, small amounts of 
delphisine, a third crystalline base and amor- 
phous bases were obtained (delphinoidine and 
staphisagroine (7) ). Keller and Schmechel 
(Arch. Pharm. 1925, 263, 280) further investi- 
gated the constitution of delphinine, but so far no 
definite results have been published. For details 
concerning the essential oil of D. Slaphisagria, cf. 
Markwood (Amer. Chem. Abstr. 1928, 22, 1215). 

Pharmacological^ Action of Delphinium Alka- 
loids. — Delphinine is intensely poisonous, re- 
sembling aconitine in its action and affecting 
especially the respiration and circulation by 
paralysing the nerves of the respiratory system. 
Lethal dose for dogs per kg. body-weight : 
delphinine, 1-6 mg., delphisine 0-7 mg., and 
delphinoidine 0-5 mg. For further details, cf. 
Lohmann (l.c.), Kahn (Pfluger’s Archiv. 1916, 
164, 428), and Ftihner (Arch. exp. Path. Pharm. 
1911, 66, 187). 

Schl. 

DELPHINOIDINE v. Delphintom 
Species, Alkaioids of. 

DELPHISINE V . Delphinium Species, 
Alkaloids of. 

DELSOLINE v. Delphinium Species, 
Alkaloids of. 

delta acid, a-naphthylamine-4:8-disul- 
phonic acid, is a valuable intermediate for the 
production of l:8-dihydroxynaphthalene-4-sul- 
phonic acid, of 5-sulpho-8-amino-a-naphthol, 
and of a-naphthol-4:8-disulphonic acid. It 
yields a blue wool dyestuff on fusing with 
sodium sulphide and hydroxide at 210° (G.P. 
283727), but is more extensively used in the 
production of azo-dyestuffs directly (G.P. 
43125) and of tetrakisazo-dyestuffs (F.P. 556489). 


It has also been employed in the preparation of 
light-sensitive paper which is coated with delta 
acid and a diazo-component, the red image being 
developed with alkali. 

DENATURANTS. Various articles 
primarily used for human consumption, such as 
tea, tobacco, and spirits, are, on importation or 
manufacture in this country, subject to heavy 
Customs and Excise duties. When required for 
other purposes, for example, as raw materials in 
various arts or manufactures, they are released 
without payment of duty after having been 
denatured. This “ denaturing ” is aecom- 
plished by admixture with other substances 
which, while not impairing their efficiency for the 
purpose for which they are required, render 
them unfit for human consumption or act as 
“ tell-tales ” should they bo deposited with the 
Government and “ drawback ” of duty claimed. 

The principles underlying the choice of suitable 
denaturants are mainly as follows : 

(a) They should bo inexpensive so as not to 
add materially to the cost of the denatured 
article. 

(b) Their use should cause the minimum 
amount of inconvenience to the manufacturer 
both in regard to his processes and to the 
necessary official supervision involved. 

(c) The dejiaturant should not be incompatible 
with the process of manufacture or the sub- 
sequent use of the denatured article. 

(d) If added for its nauseating effect it should 
be sufficiently objectionable to deter any would- 
be consumers of the denatured article. 

(e) If added as a tell-tale it should be dis- 
tinguishable easily by the microscope or other 
means. 

(/) It should have such a relation to the 
original article as to preclude its removal 
from the mixture by any process which could 
profitably be carried out on a commercial scale, 
and it should be capable of being detected even 
if present in very small quantity. 

The over-fuling condition in the use of de- 
naturants is that they shall be approved by the 
Commissioners of Customs and Excise before 
use. 

Spirit. — By reason of the large amount of 
revenue derived from alcoholic spirit and the 
great variety and extent of its commercial 
application this is the most important article 
subject to British official denaturing regulations. 
There are now in Great Britain four standard 
types of denatured aleohol, viz . : 

Industrial Methylated Spirit. 

Industrial Methylated Spirit (pyridinised). 

Mineralised Methylated Spirit. 

Power Methylated Spirit. 

The quantity of methylated spirit manu- 
factured in Great Britain and Northern Ireland 
during the past few years has steadily increased. 
The following table shows the quantity of spirit 
(expressed in proof gallons) received for 
methylation : 


1931-2 . 

. 10,497,268 

1932-3 . 

. 11,221,933 

1933-4 . 

. 12,961,041 

1934-5 . 

. 15,416,568 

1935-6 . 

. 16,303,078 

1936-7 . 

. 20,636,112 
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Ictl'oairi&l methylated epiiit, vrhith representa 
about 75% of the above quotation, consists of 
93 parts by volume of alcohol and 6 parts of 
vood naphtha (in all methylating operations 
the Commissioners of Customs and Excise nov 
have power to approve the nse of eyntlietic 
“ wood naphtha ” m place of the wood disttUa- 
tion product hitherto used exclusively). Indus* 
trial methylated spirit (pyndinised) hu the same 
composition as industrial methylated spirit 
with the addition of 0 S parts of crude pyndine. 
Mineralised methylated spirit contains OO parts 
by volume of alcohol, 9 5 parts of w ood naphtha, 
and 0 6 of crude pyridine. To every 100 gallons 
of this mixture is added } gallon of xninerat 
naphtha (petroleum od) and not less than ^ oz 
by weight of powdered methyl violet. Power 
methylated spirit is prepared by mixing 100 
parts by volume of alcohol, not less than 5 parts 
of petrol or benzol, 0 5 parts of crude pyridine, 
and 2 5 parts of wood naphtha. To every 100 
gallons of this mixture ^ oz. of Spirit III 
aye must be added. Unen this preparation is 
mixed with not less than 25% oi petrol, benxol 
or other approved substance, it may be aold free 
of further revenue restriction. The Statutory 
Regulations enable the Commissioners of Cus 
toms and Excise to permit venations from this 
prescribed formula It might be mentioned that 
mmerahsed methylated spint, in quantities not 
exceeding 4 gallons, and the fully denatured 
power methylated spirit can be sold by retail 
With these exceptions a purchaser must have 
an Excise permit to cover the receipt of these 
forms of denatured alcohol. 

The quantity of spint used m the manu 
focture of power methylated spint u rapidly 


fnereasuig, as shown by the following table: 

Yesr. 

Proof gsUoat 

1931-2 

. 32,103 

1032-3 . 

139,264 

1935-4 . 

604,527 

1934-6 . 

. 1,775,619 

1935-6 

1,656,627 

1936-7 . 

, . 8,127,950 


The general pnnciples governing the denatura- 
tion of alcohol in the dominions and foreign 
countries are the tame as in Great Bntain, 
variation being made to suit local requirements 
(w. Alcohoi.). 

JVfl.— Before being admitted into the United 
Kingdom, tea is examined by the Customs 
authorities under Sect. 30 of the Sale of Food and 
Drugs Act, 1876, and, if found aatisfactoiy, it is 
passed on payment of duty; otherwise it is 
refused admission as tea for human consumption 
It still, however, possesses a certain com- 
mercial value as a raw product for the extraction 
of theme or caffeine. If it is to bo used for 
this or any other purpose except as a beverage 
the Commissioners of Customs and Excise per- 
mit its removal from bond without payment 
of duty on condition that it is suitably ^ 
natured. This is usually accomplished the 
addition of 100 parts of hme and ono of asa. 
fcetida to 1,000 parts of tea. Under special 
circnmstanecs the aaafeetida may, by per- 
mission of the Commissioners, be repla^ by 


naphthalene or the hme may he replaced by u 
additional quantity of ssafeetida 
Ti^ceo is almost entirely imported into this 
country m an unmanufactured condition. Ths 
process of manufacture results in the accumula- 
tion of considerable quantities of waste material 
(stalks, midrib and broken leaf). On these the 
duty which has been paid is returned as “ draw, 
hack ” to the manufacturer on condition 
either that the tobacco ofial is surrendered to 
the Government or (if intended for each purposes 
as the manufacture of nicotme, insecticides, 
sheep dips, etc.) that it is denatured according to 
certain prescribed formula} and under tbs 
supervision of revenue officers. Denaturing is 
equally necessary in the case of offal from 
tobacco manufactured m bond (although no 
duty has been paid nor drawback given) m 
order to prevent lU fraudulent use as a sub. 
atitute for tobacco on which duty has been 
paid. A standard formula for denaturing 
tobacco to be used in the manufacture of fumi- 
gants for horticultural purposes is : 

Ground tobacco or offal snufif . 92 5 parts 
Ground moss Utter . .75,, 

Bone oil . . . 2 5 „ 

For certain purposes anthracene oil. In the 
proportion of 10 parts, » used as an alternative 
for the bone oil. In these mixtures the oil 
acts as a deterrent to the use of the pre- 
paration as a smoking substitute for tobacco 
The moss Liter is a “ teU-talo ” to prevent tbe 
mixture, after removal of tbe oil ana admixture 
with other olTal snuff, from being fraudulently 

E resented to the Government for drawback. 

^nder oertam circumstances the Comnuuionecs 
of C^istoms and Excise are prepared to consider 
applications for permission to use ingredients 
supplementary to those presonbed above. 

tVtne which has become unsound and soar 
(owing to the formation of acetic acid), and thus 
unsuitable for use as a beverage, is released fron 
Revenue custody without payment of duly, 
with a view to conversion into wine vinegar. 
Tbe denaturant used in this case is 20% of 
commercial vinegar or an equivalent quantity of 
acetic acid. 

r. G. H. T. 

DENDRITES v. Aqate. 
DENSIMETER. Apparatus for defer- 
mimng the sp.gr. of liquids 
DEOXYCARMINIC ACID u. Cocinirtai. 
DEOXYSANTALIN v. BaRwoon 
DEPHLEGMATOR. Adeviceforeffeetmg 
fractional condensation m distillation prsetire 
thereby separating higher boiling constituents 
from mixed vapours (K. Thormann, “ Dcetil- 
heren und Relitifizicrcn," Leipzig, 1928). 
DERBY RED v. Austrian Ginnabse. 
DERICINOEL v. Castor On.. 
DERMATOL, bismuth subgallale, is em- 
ployed as a drug, ns a dusting powder (OP. 
381292), and in combination with quinine as 
•• Etmscol “ (Pharm. Ztg 1925, 70, 075). For 
review of manufacture, see E. A. ftlauersbcrger 
(Chem. Weekbkd, 1930, 27. 337). The salt k 
recommended as a means of determining gsllio 
acid (31. Hirach. Chem. Ztg. 1027, 61. 718) (r- 
BaJsuni, Vol. I, p. 700, 
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DERMOGENE. Trade name for an anti- 
septic dusting powder containing 55% of zinc 
peroxide. 

DERMOL. Bismuth chrysophanate, 

Bi(C,5H80,)3Bi203 (7) 

a yellow amorphous insoluble powder used in 
the treatment of skin diseases (v. Bismuth, 
Compounds op, and Chbysarobin). 

DERRIS. Derris root has achieved its 
great importance in Europe and America as an 
insecticide and rival of pyrethrum since about 
1919, prior to which it was known as the source 
of a fish poison obtained from many species and 
used by natives • throughout the tropics. 
Although apparently 40 species are known to 
contain toxic constituents, Derris elliptica, 
D. malaccensis, and a so-called Sumatra t3T)e 
are the only ones of economio value. Derris 
root and its extracts (1) are cheaper and more 
potent' than pyrethrum, and different crops are 
more constant and lasting in action ; (2) they 
are simple and convenient to apply ; (3) unlike 
lead and arsenic preparations which they 
replace, they are non-poisonous towards higher 
animals. 

The preparation of active extracts consists in 
extracting with cold or warm water (10 and 16% 
extracts respectively), with 10% aqueous sodium 
bisulphite (such extracts are relatively more 
potent), or best with organic solvents, many 
industrial processes being based on such 
extractions. Thus extracts in alcohol or acetone 
yield stable colloidal solutions on diluting with 
water; the aqueous emulsion may be con- 
centrated and either precipitated with milk of 
lime and the solid filtered and decomposed with 
tartaric acid, or treated with soda and the solid 
salted out. Powders so obtained have been 
applied directly, e.g. to tobacco plants, but are 
more frequently combined with sulphur, soap 
etc., in the preparation of spraying liquids and 
cattle washes (B.P. 214822). Other processes 
merely filter the extract, preferably after 
adding alcohol and concentrating (such a 
product contains 30-32% of rotenone and 
34-35% of other toxic products) (B.P. 247140) 
or coagulate with metal salts before re-emulsify- 
ing with soaps (B.P. 226250) or sulphonated 
oils (B.P. 229773). Methyl alcohol, ether, 
chloroform, carbon tetrachloride and petroleum 
are among other solvents which have been 
suggested for the initial extraction (B.P. 
239483). Still other processes employ a con- 
ventional protective colloid (gum arabic) to 
emulsify in water the toxic principles (H. A. 
Jones and W. M. Davidson, J. Econ. Entomol. 
1931, 244) or their solution in higher alcohols 
(B.P. 285797). 

The extraordinary activity of derris prepara- 
tions is evidenced by the fact that fish are 
destroyed within 90—240 minutes in a 0'001% 
aqueous extract (W. Peyer and H. Hiinerhein, 
Apoth.-Ztg. 1931, 92, 1485). Rotenone, the 
chief toxic constituent, is equivalent at a dilution 
of 1 : 100,000 in water to nicotine at 1 : 10,000 
and to pyrethrin at 1; 74,800 (M. Darley, J. Econ. 
Entomol. 1931, 111). 

The predominating insecticidal constituents 


of derris root are rotenone, deguelin, tephrosin, 
and toxicarol, of relative toxicities 400 : 40 : 10 : 1 
(Davidson ibid. 1930, 868). See Debbis Resin. 

DERRIS RESIN. Derris “root” is the . 
dried rhizome of Derris elliptica, D. malaccensis, 
and other species. It is indigenous to Malaya 
and the East Indies. The resin is extracted 
from the roots by various organic solvents. 

It has come into considerable use as an insecti- 
cide, and has recently received a great deal of 
attention from investigators. Its principal 
toxic constituent is a crystaUine body termed 
rotenone, first isolated by Nagai (J. Tokyo 
Chem. Soc. 1902, 23, 740). The uncrystaUisable 
portion of the resin, however, is probably as, or 
nearly as, toxic as the rotenone. Clark heated 
the nnciystallisable portion with alkali and 
isolated bodies to which the names toxicarol, 
deguelin, and tephrosin were given (J. Amer. 
Chem. Soc. 1930, 52, 2461 ; 1931, 53, 313, 759 ; 
1932, 54, 2537). These bodies are probably 
decomposition products of the unciystalUsable 
resin. Haller and La Forge (ibid. 1934, 56, 2415) 
obtained dihydrodeguelin by reduction of a 
fraction of the resin. Cahn and Boam (J.S.C.I. 
1935, 54, 42T) have isolated a new substance 
from what was probably the extract from the root 
of Derris malaccensis, var. sarawakensis. This 
substance is dimorphic and melts at 189°, but 
when crystallised from acetone, melts at 192— 
194°. It has the formula C23H22O,, and is 
isomeric with tephrosin and toxicarol. It is 
phenolic and is toxic, but as it is present in very 
small quantity its presence has little effect on 
the toxicity. Cahn and Boam consider that the 
state of knowledge of the constituents of derris 
resin may be summarised as follows. Rotenone 
and the new body melting at 189° occur free in 
the resin ; dl-toxicarolandatanyratepartofthe 
(fl-deguelin do not occur as such. Not more than 
a small amount of the tephrosin occurs as such. 
Deguelin occurs, at least partly, either as the 
(-form or as its simple precursor. The remainder 
of the deguelin and tephrosin occur in some sort 
of combination or as simply related precursors. 
Nothing is known as to the mode of combination 
of the toxicarol. Cahn and Boam (J.S.C.I. 
1935, 54, 37T) consider that the determination 
of rotenone in derris roots is best effected in 
the following manner, but if the rotenone 
content of the resin is below 17% the results are 
too low. 

The root should be powdered to pass a 50-mesh 
sieve and dried in vacuo before extraction. The 
root is extracted in a Soxhlet tube for 8 hours 
with trichlorethylene. The solvent is changed 
and a second extraction for 4 hours is made. 
If this extraction shows more than a faint 
yellow colour, a third extraction is made. 
The solvent is removed and the resin is dis- 
solved in two parts of warm carbon tetra- 
chloride saturated with rotenone. It is cooled, 
seeded if necessary, and allowed to stand 
overnight. The separated crystals are collected 
in a Gooch crucible, washed with CCI4 saturated 
with rotenone, and dried below 50° in a current of 
air. The weight of the crystalsxO'72 gives 
the weight of the rotenone. For fuller details 
the two papers by Cahn and Boam (l.c.) should 
be consulted. 
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Worslej {J.S.C.I. 1930, 55, 349T) pablishes a 
Teiy len^hy senes of analyses, and constdera 
that the following TOints constitute improTo* 
ments in the method of detennlning rotenone. 

Ethyl acetate forms a Tery efBcient scdre&t 
for the extraction of the rotenone. The higher 
the punty of the “ rotenone complex ’* wiUl 
carbon tctrachlonde, the mote accurate is the 
detemunstion, and Worsley adds a giren weight 
of pore rotenone to the extracted resins so as 
to bring their rotenone value to over 40%. 
The punty of the carbon tetrachlonde com 
plex prepared by Woraley’a method is claimed 
to be, on the average, 91%, which is much 
higher than that prepaid by Cahn and Beam. 
There are too many details m the methods for 
full reproduction here, so that the ongtnal 
papers must be consulted for these. 

Tattersfield and hlartm (J S C I. 1937, 58, 
77T) have separated an opticaUy active con 
stituent of dcrris resin which they consider is an 
active precursor of toxiearol. It is uoeertam 
whether the compound they obtained is ui a 
high state of purity or not. The melting point 
was 99° and the specific rotation in 4% benzene 
solution was —69°. 

A useful account of the experimental work on 
the cultivation of Dtrrts tlltpttca, D. nalacctna**, 
and P. {AyrsyToTo, m Petadeniya, by Lester* 
James should be consulted (Bull Imp. Inst. 
1036.2. 100). 

E J. P 

DESALQIN, The propnetarv name of a 
preparation contamiog 0 06% of chloroform la 
olive oil and peptone stated to have been 
employed as an analgesic in cases of gastric dis 
order (D. Ettinger, Pharm. Presse, 1929.34. 120). 

DEsCLOlZITE. A basic lead and zinc 
vanadate, (Pb,Zn)](OH]V04, erystatliamg in 
the orthorhombic system and uomorpbous with 
oUvenite (basic copper arsenate). A small 
amount of copper is usually present replacing 
zme, and when this is present in larger amount 
the tninersl grades into evprodesciointe, which is 
identical with tnoltramile and pittlacintle 
(F. A. Bannister, him. Slag 1933, 23. 370). 
The crystals are deep reddish-brown to black id 
colour, and the streak is a paler yellowish-brown. 
It occurs m veins of lead ore m association with 
vanadinite, etc , and has been mined to a 
limited extent m Rrw hlexico and Arizona, as 
a sourco of vanadium It also occurs id con- 
eiderable quantities m the Sierra de Cordoba in 
Argentina, and at Broken IIiU in Northern 
Rhodesia. 3Iore recently it has been foand id 
largo amounts at sever^ places m the Groot- 
fontem district in South-AVest Afnca. 

L. J. S 

DESICHTOL. Trade name for icbtbyol 
which, it is atated, has been deodorised without 
loss of therapeutic activity by treatment with 
ateam fPhann. Zentr. 1808, 39, 60). 

DESOXYCINCHONINE v. CnfCHO.va 
AlXiix>ni3 (this vol., p. 168c). 

DESOXYQUININE r. CnecHoaA 
AT Wim roa (thia vol , p. 177ii). 

DESPYRIN. Trade nsmo for a prepara, 
tion containing 14% of potassium bitartnite 
and 86% of acetylsahcyhc acid (C. 3(anxuch 
and 0. Leemhuis, Apotli -Ztg. 1913, 23, 660). 


RiSiN. 

DETERGENTS FROM PETROLEUM. 

The sulphoiuo acids produced m the refining 
of heavy fractions of petroleum have found 
considerable use as detergents. The sludges 
contain free acid, polymers, asphalts and a 
variety of sulphonates. On addition of water 
the ftee acid can bo recovered and reconcentrated 
whilst the oily matter separates. From this 
the sulphonic acids can be recovered by extrac- 
tion with a number of solvents. Other Riwilay 
material can be obtained by the sulphonation 
of paraffin wax and its oxidation products. 

Further halogensted sulphomc acids have 
been proposed. The eulphonio acids thus 
obtain^ are mixtures of some complexity. 
They each contain at least one sulphonic acid 
group, but the actual chemicsl structure of the 
bydxo^rbon associated with it has not been 
determmed. An average formula has been 
suggested of CjoH^SOjH. The aulphonic acid 
group la very firmly attached to the hydro- 
carbon nucleus. A large number of detergent 
substances are now available from this source, 
and in genera) it is the alkali metal salts that 
have been proposed for this purpose. 

There is a considerable patent list con- 
cerned with petroleum detergents, and reference 
should be made to the very full article m Catleton 
EUis’a “ Chemistiy of Petrolenm DeiivaUvei." 
1634. 

A. E. D. 

DETTOL. Halogen denvatives of rylenel 
dissolved in a saponified mixture of aromatio 
ods. It is a non irntant and aon-toxlc germicide 
(IteehU A Sorut, Hull). B.P.G. 1934. 

DEUTERIUM. Introduction. — Beo* 
terium *H or D. A heavier isotope of hydrogen 
baviDg on atomic weight 2'01363±0 1)0004 
relative to helium 4 00216, and 2 01416 relative 
to oxygen 13 (Bainbndge, Pl^aical Rev, 1933, ' 
44 , 67 ; Wilson, Froe. Boy. Soc. 1936, A, 
154. 660). It is present in ordinary electiolytlo 
hydrogen to the extent of 1 part in 30,0d()± 
20% (Bleakney, Physical Rev. 1932, 41, 22 ; 
Bleakney and Gould, tbtd. 1933, 44, 265 ; tet 
also Bradley and IJrey, ibid, 1932, 40, 889 ; 
Unsold, Naturwiss. 2932, 20, 936 ; Stem and 
Volmer, Ann. Fhysik, 1919, 69, 225 ; Tate and 
Smith, Physical Rev. 1933, 43, 672 ; Hardy, 
i^rker, and Dennison, tbid. 1932, 42, 279). 

History. — ^The first mdication of the exist- 
ence of heavy hydrogen was given by atomic 
weight values. Aston, using the mass spectro- 
graph, obtained the value 1-00778±0 00015 
for the mass of the hydrogen atom rebtive to 
0*16 000. This IS in agreement with the value 
H*1’00780 obtaued by chemical methods by 
Scott, hlorley, Noyes, and Burt and Edgar. 

After the discovery of the isotope and 
the abundance ratio *'0!**0. Aston’s value 
caleulated to the chemical standard is H* 
1'00756, so that the chemical value for ordinary 
bydrt^en is higher by about 1 part in 6,000 than 
the true value for hydiogen consisting wholly 
of'H. 

Birge and llenzel (Physical Rev. 1931, 37, 
1669) suggested that this discrepancy was due 
to the presence in ordinary hydrogen of a small 
amount of a heavier isotope *H ; this fact has 
been established by subsequent workers Urey, 
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Briokwedde and Murphy (Physical Rev. 1932, 
40, 1) set out to concentrate the heavier isotope 
by evaporation of liquid hydrogen and obtained 
a residual liquid the Balmer spectrum of which 
showed clearly a line in the position for an atom 
of mass 2 and an atomic number 1. Washburn 
and Urey (Proc. Nat. Acad. Sci. 1932, 18, 496), 
noted that there was a greater concentration of 
in the water from old electrolytic cells, and 
' it is this discovery which has enabled the present 
extensive study of and its compounds to be 
made, “lummaries of the earlier history of this 
matter are given in the following articles : 
Nature, 1933, 132, 536 ; Rutherford, ibid. 1933, 
132, 955 ; 1934, 133, 481. 

Much discussion had taken place with regard to 
the names to be given to and possibly ^H. 

The discoverers suggested protium, deuterium, 
and tritium respectively (Urey, Murphy and 
Brickwedde, J. Chem. Physics, 1933, 1, 512), 
and these names are generally used. Rutherford, 
however, suggested diplogen for and diplon 
for the nucleus and the symbol D for the new 
isotope. Sidgwick supported this view (Proc. 
Roy. Soc. 1934, 144A, 5). It is generally agreed 
that “ hydrogen ” should stUl be used for the 
mixture of all the isotopes and that the symbol 
for shall be D (see Urey, Brickwedde, and 
Mutphy, Nature, 1934, 133, 173). 

Occurrence. — Every source of water so far 
examined shows the presence of heavy hydrogen, 
but it is difficult to secure an accurate measure- 
ment of the amount present. To reconcile the 
mass spectrograph atomic weight with the 
chemical value, hydrogen should contain about 
1 part of in 4,500. Spectroscopic estimates 
are much lower, but were suspect owing to the 
marked tendency of H to be adsorbed in the 
discharge tube (Lewis and Spedding, Physical 
Rev. 1933, 43, 964). Later estimates based on 
mass speotrographic measurements which are 
probably more reliable put the normal abundance 
ratio at about 1 in 5,000 in rainwater 

(Bleakney, Gould, ibid. 1933, 44, 265) ; for the 
method see Bleakney (ibid. 1932, 40, 496 ; 
also Hardy, Barker and Dennison, ibid. 1932, 
42, 279 ; Tate and Smith, ibid. 1933, 43, 672). 

Perhaps the greatest obstacle to obtaining a 
true value of the abundance ratio is due to the 
large mass ratio (2 : 1) of the two hydrogen 
isotopes which, unlike other isotopes, gives rise 
to sufficient differences in physical and chemical 
properties as to facilitate partial separation 
during any process to which ordinary water 
may be subjected, e.g. distillation, electrolysis, 
etc. (see Washburn and Smith, J. Chem. Physics, 
1933, 1, 426; Edwards, Bell and Wolfenden, 
Nature, 1935, 135, 793 ; Rakshit, J. Physical 
Chem. 1935, 39, 303; Dole and Wiener, Science, 
1935, 81, 45; Christiansen, Crabtree and Laby, 
Nature, 1936, 135, 870). 

Hydrogen occurs for the most part in combina- 
tion with oxygen as water, and precise deter- 
minations of the density of water from various 
sources have disclosed interesting variations. 
Water, prepared by the usual methods for 
conductivity experiments and in addition 
purified by established methods for density 
determinations, varied in density over a range 
of 5-iyd (one-millionth of the ordinary unit is 
Von. III.— 36 


called a gamma of density, 0’000001d=lyd), 
and so is unsuitable as a standard. London 
Thames water was found to be constant in 
density and this value agreed with that of surface 
waters from places so far apart as South Wales, 
Sumatra, and the U.S.A. Waters from.the Dead 
Sea (3-Oyd) and from a Tibetan lake at 13,500 
ft. (i-5yd) are heavy, presumably owing to 
isotopic concentration by evaporation (Briscoe 
and others, J.C.S. 1934, 1207 ; 1937, 1492). 

The concentration of heavy water in high 
altitude ice from Alpine glaciers frequently 
showed an increase, m some instances of as 
much as 50 to 100 (Baroni and Fink, Monatsh. 
1935, 65, 386 ; 1936, 67, 193 ; 1937, 71, 128 ; 
see also Euoken and Schafer, Nachr. Ges. Wiss. 
Gottingen, Math. phys. Kl, III, 1935, 1, 137 ; 
Riesenfeld and Chang, Ber. 1936, 69, [B], 1305). 
Variations in the density of rain and snow 
water from various districts have beep observed 
by Harada and Titani, Bull. Chem. Soc. Japan, 
1935, 10, 206, 263 ; Brodski, Skarre, Donzova 
and Slutzkaja, J. Physical Chem. Russ. 1937, 10, 
731. The water obtained by the combustion of 
cellulose and a number of other carbohydrates 
shows an enhanced concentration of deuterium 
(Harada and Titani, Bull. Chem. Soc. Japan, 
1935, 10, 205, 261, 465 ; Dole, J. Amer. Chem. 
Soc. 1936, 58, 580). 

The general conclusion from observations on 
the enrichment of deuterium oxide in waters ob- 
tained from natural sources is that such enrich- 
ment is comparatively small and is attributable 
to the operation of physical processes, e.g. 
preferential evaporation, freezing or diffusion. 

Separation of the Isotopes. — (o) Electro- 
lytic Concentration of Deuterium Oxide. — The 
production of large amounts of pure deuterium 
oxide is important from the research worker’s 
point of view, and its possible technical applica- 
tions have still to be explored. The most 
suitable process appears to be the electrolytio 
enrichment of ordinary water, and much work 
has been done in this direction in a relatively 
short time. Washburn and Urey (Proc. Nat. 
Acad. Sci. 1932, 18, 496) showed that when 
dilute sulphuric acid is electrolysed using 
platinum electrodes a residual water having an 
increase in density of 164yd was obtained 
after 98% of the water was decomposed. 
Further work was done by Lewis and MacDonald 
(J. Chem. Phys. 1933, 1, 288, 341, 481) ; 
Washburn, Smith and Fransden (Bur. Stand. 
J. Res. 1933, 2, 453 ; J. Chem. Phys. 1933, 1, 
288) ; Harkins and Doede (J. Amer. Chem. 
Soc. 1933, 55, 4330) ; Harteck (Proc. Physical 
Soc. 1934, 46, 277 ; Proc. Roy. Soc. 1934, 
144A, 1) ; Newell and Ficklen (J. Amer. Chem. 
Soc. 1933, 55, 2167) ; Anderson, Holford and 
Bates (J. Chem. Phys. 1934, 2, 342). Taylor, 
Eyring and Frost (ibid. 1933, 1, 823), obtained 
82 c.o. of 99% DjO from 610 gallons of electro- 
lytic liquor. This method with slight variations 
is the one generally employed in industry. 
O-SiV-sodium hydroxide is electrolysed between 
nickel or iron electrodes, the electrolyte being 
kept below 20'’C. The process is carried 
out in about seven stages. In the first stage 
electrolysis proceeds until the volume is reduced 
to about 1/10, when the electrolyte has become 
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concentrated in alkali and the process is 
stopped. About 9/10 of the electrolyte is 
treated CO distilled to drj’ness and the 
distillate added to the remaining 1/10 of the 
electrolyte, thus regaining approximately the 
ongmal alkali concentration. Thia process of 
electrolysis and removal of alkali la repeated 
until the water has reached the desired degree of 
heavmess. Taylor, Eyring and Frost's results 
(l.e.) are given in the foUowmg table i 
Water obtained ttoni Density % I 

electrolysis Ivo. dj“ able 

I 0 998 

II 0 999 

III 1 001 

1 007 
1 031 


VI 

VII 


10 
1 101 


93 

99 


A detailed acconnt of a method using 
sulphuric acid and lead electrodes is described by 
Tronstad and Brun (Z. Elektrochein 1934, 40. 
656). The efficiency of the concentration la 
remarkably insensitive to the conditions of 
electrolysis, and, although the separation factor 
has been the subject of extensive work, nothing 
sufficiently definite to have real aigni&canco has 
BO far been forthcoming Under apparently 
identical conditions different results have been 
obtained {tf. Tronstad and Brun, 1 e. , see also 
CoUie, ^’ature. 1934, 132, 663 , Bell and Wolfcn- 
den, t&id 1934, 133, 26 , Proe Roy. Soc 
mi, IMA. 32 , J.CS 1936, 386 , Fowler. 
Proc Roy, Soc 1934, 143A, 462 , Erlenmeyer 
and Gartner, Helv. Cbim Acta, 1934, 17, 30, 
1226 : 1935, 18, 419 , Harteck, Proc Roy 
Soc. 1934, 144A, 1 ; Obphant, Nature, 1933, 
132,675, Butler, Z. Elektrocbem 1938,44,55. 
Eucken and Bratzier, Z Fhysikal Chem 1955A, 
174, 273 , Appleby and Ogden, jCS 1936, 
163 i Brown and Daggett, J Chem Physics, 
1035, 3, 216 ; A. and L. Farkas, tfuf 1934, 2, 
468 ; Urey, Science, 1933, 78, 566 , Eyring, 
Proo. Nat. Acad. Sci 1933, 19, 78 ; Eyring and 
others, J. Cbem. Physics, 1933, 1, 345 ; J. 
Amer. Chem. Soc. 1933, 55, 6058 , J. Chem 
Physics, 1934, 2, 217 i Nature, 1934. 133, 
291 : WoWexiden and others, J.C.S 1936, 286 ; 
1937, 1677 ; Trans. Faraday Soc. 1938, 34, 
«B). 

(6) Olier J/e(Aodj oj Separalion of Deuterium. 
— Deutenum in ordinary hydrogen was first con. 
centrated by utilising the difference m vapour 
pressure of the hquids. Bnckwedde and 
Jlurphy (Physical Rev. 1932, 39, 164, 864 ; 40, 
464) used this method and found that the 
relative abundance of deuterium m the last 
fraction was increased five or six times com* 
pared with the original gas. Kcesom, van 
Pijk and Haantjes (J. Proc. Acad. Sci, Amster- 
dam, 1933, 36, 248) used a specially designed 
rectifying column and obtamed a sample 
containing I'5% Df Baylor, Gould and 
Bleakney (Physical Rev. 1933, 43, 496) record a 
small seporation of isotopes by fractional 
desorption from cbarcoaL See also Washbamj 
and Smith (J. Chem. Physics, 1033, 1, 426), 
Lawson (Trans. Faraday Soc. 1936, 32, 473); 
King and Lawson (i&id. 1936, 32, 1), 


Hertz using his historic apparatus devised 
for the separation of neon isotopes, prepared 
pore deuterium by a fractional diffusion method 
(Natnrwiss. 1933, 21, 884 ; tee alto MacOiUavrr’ 
Ree. trav. chim. 1937, 56, 330). See Dimrsioji! 
this vol., p. 605). 

The diffusion of deuterium through palladium 
was investigated by A. and L. Farkas (Proc 
Roy. Soc. 1934, 144A, 467 ; Nature, 1933, 132, 
894) ; ef. Hams, Jost and Pearae (Proc. Nat. 
Acad. Sci 1933, 19, 991). Fractionation by 
diffusion through other metals was examined by 
Rnk, Urey and Lake (J. Chem. Physics, 1934,2, 
105) ; Jost and Widmann (Z. physikal. Chem 
1935, [B], 29, 247) ; Luhr aud Hams (Physical 
Rev. 1934, [ii], 45, 843); Sieverts and Zspf 
(Z physial. Chem. 1935, 174, 559). 

The fractional distillation of water has been 
attempted by Washburn and Smith (J. Chem 
Pfaysita, 1933, 1, 426) ; Lewis and Cormsh 
(J Amer Chem Soc. 1933, 55, 2616] ; Hall and 
Jones (ibtd, 1934, 56, 749] ; Erlenmeyer and 
Gfirtner (Helv. Chim Acta, 1934, 17, 970, 
1008), Jaulmes (Chim. Ind. I93S, 33, 1045); 
Stedman (Canad. J. Res. 1935, 13B, 114 ) ; 
Hall and Jones (J Amer. Chem Soe. 1934, 56, 
749) Chemical methods were tried by Davis 
and Johnston (J Amer Chem. Soc. 1934, 56, 

492) , Highes, Ingold and Wilson (J.C.S, 1934, 

493) 

The rapid convettion of deutennm oxide into 
deuterium by passing D^O vapour over 
inagnesiuiii at 460*, giving a 95% yield, u 
described by KjiowHod and Rossini (J, Res. 
Nat Bur Stand. 1937. 19, 605). 

Physical Properties of Deuteplum.— 
Deutenum and its compounds differ in tbeir 
physical and chemical properties from hydrogen 
and although, for the most pact, these differeneei 
are email they are very definite. 

The table at the head of the next page has 
been takenfrom the Z. Elektrocbem. 1938,44,22. 

For other thermal properties, set CIusius and 
others (Nachr. Ges. Wiss Gbttingen Hath phyi 
K1 , 1934, [u], 1 ; Z. physikal. Chem. 1935, [fe}. 
258 ; Physikal. Z. 1934, 35. 069 ; Natur- 
I. 1934. 23, 526 ; Z. Elektrochem. 1935, 41. 
487 ; 1938, 44, 21) ; Beutler (Z. Physikal 
Chem. 1934, [B], 27, 287) ; Scott, Bnckwedde, 
Urey and Wahl (J. Chem. Physics, 1934, 2, 
'454); Cleave and Haaas (Canadian J. Res 
1935, 12, 67, 372) ; Bijl (Nature. 1936. 138, 
723) ; Nothdura (Ann. Phyeik. 1037, (v). 28, 
167) ; Megaw and Simon (Nature, 1936, 136, 
244) , Archer (ifeirf. 138. 286) ; Grew and 
Atkins (Proc. Pbys. Soc. 1926, 48, 415) ; 
Coppock (Trans. Faraday Soc. 1935, 81, 913). 

The normal potential of deuterium is given sa 
44 mv. by Abel and Redlich (Z. Elektrochem. 
1938. 44, 204). The overpotential at a mercuiy 
electrode m ordinary and heavy water has been 
investigated by Eeyrovsky (Chem. Listy, 1937, 
31, 440) ; eee also Bowden and Kenyon (Nature. 
1935. 135. 105). 

The refractive index, n, for D. at A 6462 D 

0001378 assuming n for H, to be 1 00013966 
(Orr, Trana. Faraday Boc. 1936, 82, 1556) 5 
see also Lare^n (Z. Pbysik. 1936, 100, 643). 
Amdur (J. Amer. Chem. Soe. 1935, 67, 688) 
found the viscosity of deuterium to t* 14U 
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D, 

HD 


Heat of vaporisation at 1 94 '5 mm. Hg 

Heat of sublimation at 0°Ahs 

Heat of fusion 

9-value for Cp (Debye) ...... 

9-value for Ct, (Debye) 

M.p. Ahs 

B.p. Abs 

Triple point pressure mm. Hg . . . 

Depression of m.p. curve at triple point . 
Molecular vol. at triple point — ^Uqmd . . 

Molecular vol. at triple point — solid . . 

Zero point energy of the crystal 
Compressibility at 4-2° Abs. 

Coefficient of expansion at triple point 

302-3 cal. 

274-0 cal. 

47-0 cal. 

89° 

97° 

18-65° 

23-6° 

128-5 

40-6 kg./cm.^ 
23-14 cm.3 
20-48 cm.3 
~216 cal. 
(3-3±0-7)10-‘ 
0-08 

263 cal. 
<■'.'228 cal. 

37 cal. 

16-60° 

95 

~260 cal. 

219-7 cal. 

183-4 cal. 

28-0 cal. 

91° 

105° 

13-95° 

20-38° 

63-8 

30-3 kg./oro.® 
26-15 cm.3 
23-31 om.3 
~305 cal. 
(5-0±)IO-‘ 
0-12 


times that of hydrogen. Keyes has calculated 
Tj for hydrogen by the method of least squares 
and finds 7]=91-6 c.g.s. units at 30°, therefore 
forDjij— V2X91-6=129-5 c.g.s. units. 

Torrey (Physical Rev. 1935, [ii], 47, 644), using 
Bankine’s method, gets tjd : i)n = i-410±0-03. 
See also van Cleave and Maass (Canadian J. 
Ees. 1935, 13, B, 384). 

Vapour pressure of HD and Do rvas measured 
by Brick-wedde and others (Physical Rev. 1934, 
[ii], 45, 565 ; 1935, [ii], 48, 483) ; Steiner (Z. 
Pbysik, 1932, 79, 601) ; A. and L. Farkas and 
Harteck (Physikal. Z. 1936, 37, 447); Bartholom^ 
and Euoken (Z. Elektroohem, 1936, 42, 547) ; 
the foliorving table is taken from Z. Elektrochem. 
1038, 44, 23. 


V.P. In nun Hg. 


T” Abs. 


Ds 

15 

96-6 

12-6 

16 

155-4 

25-9 

17 

237-7 

49-4 

18 

348-7 

88-2 

19 

493-7 

146-3 

20 

678-3 

221-0 


For the adsorption of hydrogen isotopes on 
carbon, copper, lead, nickel and other surfaces, 
see Barrer (Trans, Faraday Soc. 1936, 32, 481) ; 
Beebe and others (J. Amer, Chem. Soc. 1935, 57, 
2527) ; Maxted and Moon (J.C.S. 1936, 1542) ; 
Magnus and Sartori (Z. physikal. Chem. 1936, 
A, 175, 329) ; Lennard-Jones and others 
(Proc. Roy. Soc. 1935, A, 150, 442 ; 1936, A, 
156, 16) ; Pace and Taylor (J. Chem. Physics, 
1934, 2, 578) ; Klar (Naturwiss. 1934, 22, 922; 
Z. physikal. Chem. 1935, 174, 1) ; KohlschUtter 
(ibid. 1934, 170, 300) ; Melville and Bideal (Proc. 
Roy. Soc. 1935, A, 153, 77, 89) ; Hudson and 
Ogden (Nature, 1938, 142, 476). 

General Reactivity of Deuterium. — 
Deuterium diflfers ftom hydrogen in its chemical 
reactivity. These differences are sometimes 
considerable, as is shown by the velocity constant 
data given in Table A on p. 564. See Geib, 
Z. Eleotrochem. 1938, 44, 86, for bibliography 
and fuller details. 

Compounds of Deuterium. — ^The most 
completely studied compound of deuterium is 
the oxide, D^O. Its more important physical 
constants are givpn in Table B on p. 564. 


For the diamagnetism of D^O, see Gray and 
Cmickshank (Nature, 1935, 135, 268) ; Specchia 
and Dasoola (Nuova Cim. 1935, 12, 606). 

For dissociation constants of deuterium oxide 
and of electrolytes dissolved in it, see Sohwarzen- 
bach (Z. Elektroohem. 1938, 44, 46) ; reaction 
velocity, Reitz (ibid. 1938, 44, 72) ; therinal 
properties and dissolving power, Lange (ibid. 
1938, 44, 31). 

Reactions in Deuterium Oxide — ^The sub- 
stitution of deuterium oxide for water affects the 
reaction velocity in three principal ways : 

1. In the majority of instances so far investi- 
gated the effect of heavy water has been to reduce 
the rate of reaction in solution by as much as 
20%. The velocity of a reaction depends to a far- 
reaching extent on the solvent used, even when 
this takes no active part in the reaction. That 
there is connection between such physical 
properties as viscosity, dielectric constant, etc., 
of the solvent and its influence on the course of 
a reaction is evident although it has not been 
possible, so far, to decide as to the quantitative 
effect of any particular factor. 

2. The interchange between hydrogen atoms 
of the reactant and deuterium atoms in the 
water is a further cause of change in reaction 
velocity. In aqueous solution this interchange 
is in many instances instantaneous and complete 
(e.p. NHj-pDgO^^NDj-f-HjO), with the result 
that there is a change in the nature of the 
reacting substances. In other cases interchange 
takes place in varying extents and rates depend- 
ing on the experimental conditions, as is notably 
the case with hydrogen linked to carbon. In 
general the ultimate elfeot is a slowing down of 
the reaction velocity. 

3. The third effect is produced when deuterium 
oxide itself takes part in the reaction either as 
DjO molecules or in the form of D or OD ions. 
In this instance the reaction is by no means 
always retarded ; for the most part an accelera- 
tion is observed. This is notably the case in 
acid catalysis and frequently with bases. For a 
detailed account of reaction velocities in 
deuterium oxide and bibliography, see Reitz, 
(Z. Elektroohem. 1938, 44, 72). 

Electrolytic dissociation is in general less in 
DjO than in HjO. Typical values are given in 
Table B, p. 564, but for theoretical treatment 
of the results obtained together with references 
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TABLE A. 


Beaettooi compared 


Difference ]q kg cal. 


Active 

energy, 

Qi-Qi- 

Zero point 
energy, 
EJ-lkS. 

0 

0 

0 62 

18 

—O 75 

36 

1-5 

56 

06 

43 

06 

1-2 

0 35 

12 

06 

OS 

1-2 

u 

1-5 

u 

0 75 

18 

06 

2003 

0 95 

1-8 


C,H*+D, • 


e3&-7t0 

If 183 _ 1 

|i (w&Q reaction) ?j 

360-400 

420-630 


30 

0 and 30 
275-380 
425-500 
430 

630-570 


I'&S {mean) 


3 2-2 
1-04 


33 

13-4 and 0-76 
6-6-4-4 
245-21 

1- 63 

2- 5 


H,o 


Cryatalline structure . 


Density, d*® 

Relative molecular vole, at 20® . 


M.p. 

Bp. 


Temperature of max. density . 
Heat of BubLmatioD (triple point) 

Heat of fusion 

Dielectric const. 0®C. 

Mol. magnetio susceptibility 20* 
Surface tension 12°C. . . . 

Viscosity 25®C. 

Refractive index, ... . 


0=4-526 A. 
c=7-39 
0-90705 
1;0037 

0"a 

IDCPC. 

4*a 

12170 cal./mol. 
1435 caL/moI. 
81-5 

12 96X10* 

73-7 dynes/cm. 

0- 691 oentipoises 

1- 33300 


0=4-605 A 
e=7-36 
M048 
I 

3 8*C. 

101-42'C. 

11-6*0. 

12631 ca.1 /mol. 
1523 eal /raol 
80-7 

12 97xl0« 

73 8 dynes/cm. 

1 0992centipoiacal 
1-32844 


Ionic mobiLties, T=18®C. 
Solvent 97% DjO .... 
Solvent H.O .... 
SoInbUity 25®C. g /1 00 g. solvent 

Solvent D}0 

Solvent HjO .... 
Electrolytic dissociation 
0,0 Ko,O-0-16xl0->» . 

HDO tD<-j=*o-iiixicr» , 


D+ 213-7 
315 2 


NaCISOS 
NaC) 359 


K+ 54 5 
K+ 64 2 


(20°C.) 

(20*0.) 


K«^>=l-6xl0-“ 

[H+l=0-664xl0-» 
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to the literature, see Schwarzeiihach {Z. Elek- 
troohem. 1938, 44, 46). 

Disaocn. Const. In HjO 
Bissocn. Const. In D,0 
Substance. at 20° C. 

HSOI 2 

H-COOH 2-50 

CHg-COOH 2-87 

Hydroquinone .... 3-36 

Salts having -water of crystallisation can have 
one or more of the molecules of water replaced by 
a corresponding number of molecules of D2O. 
Research, on the deuterates of CuSO.j has been 
carried out by Partington and Stratton (Nature, 
1936, 137, 1075) ; M^ea and Meimes (J. Amer. 
Chem. Soo. 1938, 60, 87), and by PerpSrot and 
Schaoherl (J. Phys. R^nm, 1935, 6, 439). 
Taylor (J. Amer.- Chem. Soo. 1934, 46, 2634) 
found the transition temperature of 

Na2SO4,10D2O to be 34-48°±0'02° as against 
32-38°±0'001'’ for the corresponding hydrate. 
Bell (J.C.S. 1937, 459) measured the dissocia- 
tion pressure of a number of deuterates, e.g. 
CuS 04,5D20 ; SrCl2,6D20, etc. Godchot, 

Cauquil and Galas (Ciompt. rend. 1936, 202, 759) 
obtained the deuterates of krypton and xenon 
■with BDjO. 

Other Inorganic Compounds of Deu- 
terium. — These can for the most part be 
prepared by several general methods sbghtly 
inodified to suit individual cases. 

1. Adda, by action of D2O on the acid an- 
hydride, e.g. DjSO, (Ingold and others, J.C.S. 
1936, 916). 

2. Non. Metallic Deuteriies, fix)m the elements 
^Tith or without a suitable catalyst, e.g. DBr 
or by the action of DjO on a snitable salt, e.g. 
DjS from AIjSj-fDjO ; NDj from MgjNjd- 
D2O. 

3. Interchange reaction -with or -without a 
suitable catalyst {v. infra). 

4. Action of DjO on the metal yields deuter- 
oxides in the case of some metals, e.g. NaOD. 

For a detailed account of inorganic deuterium 
compoimds and a bibliography, see Erlenmeyer 
(Z. Elektrochem, 1938, 44, 8). 

Some typical differences in the physical 
properties of corresponding deuterium and 
hydrogen oo-mpounds are shown in the following 
table ; 


Latent heat 


Com- 

M.p. 

B.p. 

of evapn. 

Critical 

pound. 

absolute 

absolute 

cal./mol. 

temp. 

HCl 

162-2 

188-1 

4081 

51-0 

DCI 

158-2 

191-6 

4151 ' 

50-3 

HBr 

186-2 

206-3 

4257 

89-9 

DBr 

185-7 

206-3 

4258 

88-8 

HI 

222-3 

237-5 

47247 

150-7 

D| 

221-5 

237-0 

4713 7 

148-6 

NH 3 

195-3 

239-8 

6797 

132-5 

DH3 

199-6 

242-1 

5990 

132-3 

HCN 

259 

298-5 

6600 



DON 

261 

299-1 

6500 

— 


Organic Compounds of Deuterium. — ^The 
preparation of organic compounds of deuterium 
may be carried out by a large variety of pre- 


parative methods, many of which are exactly 
parallel to the general methods of preparation 
of the corresponding hydrogen derivatives. 

Examples of these are : 

1. Treatment of carbides -with DjO. 

2. Catalytic deuterisation. 

3. Grignard reactions. 

4. AdStion of Dj under suitable conditions. 

5. Exchange reactions. 

The following are examples illustrative of some 
of these njethods : 

Teiradeiiteromeihane, CD4, is prepared by the 
reaction of DjO with aluminium carbide (Urey 
and Price, J. Chem. Physics, 1934, 2, 300). 

Mono deuiero-tetramethylmethane, 

(CH3)3C-CH2D, 

was prepared from DjO and the Grignard 
compound of l-ohlor-2:2-dimethyIpropane, 
(Whitemore, Fleming, Rank, Bordner and 
Larsen, J. Amer. Chem. Soo. 1934, 56, 749, 
934). For a comprehensive bibliography up to 
January, 1938, see Erlenmeyer (Z. Elektrochem. 
1938, 44, 9). 

Differences in melting-point and boiling-point 
of corresponding deutero- and hydrogen organic 
compounds are shown in the following table : 

B.p. 

°C. 

80-1 
79-4 


20-2 (760) 
20-6 (756) 
124 (760) 
124 (763) 


Interchange Reactions — These may be 
divided into two classes, homogeneous and 
heterogeneous. 

Homogeneous Reactions. — A number of sub- 
stances containing hydrogen exchange one or 
more of their hydrogen atoms for deuterium 
when dissolved in D2O. Certain of these are 
obviously ionic reactions and, as such, occur very 
rapidly, e.y on dissolving sodium hydroxide 
in deuterium oxide interchange occurs instan- 
taneously according to the equation : 

NaOH+DaO^^NaOD-l-HDO 

This exchange can be followed quantitatively by 
recovering the diluted DjO subsequently and 
determining its density. In a mixture of H2O 
and DjO the available deuterium distributes 
itself beWeen solvent and solute in proportion 
to the molecular quantities of each present. 
For the most part the exchange reactions of 
deuterium occur very rapidly, in other cases the 


Substance. 


C„D„ 


Cio’^s 

CH 3 CHO 

CD 3 CDO 

(CH3-CH0)3 

(CD3-CD0)3 


CH 4 

CD, 


M.p. 

°C. 

6-5 

6-8 

80-2 

77-5 

-123'6 

-121-7 

10-6 

13-7 

16-6 

15-4 

17-2 

15-9 

-90-6 

-89-2 
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exchange takes place v-ith measurable relocity, 
and an analysis of the kinetics of such reactiona 
shows that the ionic reaction of hydrogen inter- 
change itself must be preceded by eome inter- 
mcdjata reaction the velocity of which deter- 
mines the rate of the whole reaction. Amongst 
slow morgaiuo interchange reactiona the exchange 
of hydrogen in complex salts should be noted. 
llexamminecobaUic chloride, for instance, inter 
changes its hydrogen for deuterium and it baa 
been found that the reaction velocity is inveraely 
proportional to the hydrogen ion concentration. 
This discovery is of importance in studying the 
theory of complex salts (see Erlenmeyer and 
Gartner, Hclv. Chim. Acta, 1034, 17, 1008 ; 
Sankowsk], ATonatsb. 1935, 65, 260 , James, 
Anderson and Brucoe, Nature, 1937, 130, 109 ; 
Anderson, Spoor and Briscoe, i6id 1937, 139, 
608 ; Garrick, i6id. 1937, 139, 607). 

Bonhoeffer and Brown (Z. physikal Chcni, 
1933, B, 23, 172) were the first to discover the 
interchange phenomenon. They found that 
NH4CI dissolved in 0.0 exchanged all its 
hydrogen atoms, and this reaction ha* been 
utilised to obtain water free from deutenum 
It has been found that hydrogen which is bnked 
to oxygen, nitrogen, sulphur or halogen readily 
interchanges with deutenum. Since then it has 
been determined that many other aubstaoces, 
t Q. glycol, hydrogen peroxide, aeetoacetic eater, 
phenols, etc, exchange one or more hydrogen 
•toma more or leas readily according to the 
conditions of experiment. For bibliography, ut 
Ingold and Wilson (Z Elektroehem. 1938, 44, 
70). 

A limited number of interchange reactions 
occur with deuterium atoms in the gaseous 
phase. The source of such atoms may bo tbs 
electric discharge, photocbemical excitation by 
means of mercury resonance radiation, or ther- 
mal dissociation of heavy water molecules wi^ 
formation of atomio deutenum (Geib and 
Steaeie, Z. physikal. Cbem. 1939, B, 29, 2)6 ; 
Steacie and Phillips, J. Cbem Physics, 1936, 4, 
461 : Trenner. Taylor and others, ibid. 1937, 
B, 6, 28, 203, 212 : Farkas and others. Nature, 
1933, 132, 892 ; J.C.S. 1936, 26 ; Proc. Boy. 
Soc. 1930, 157. A, 625). 

IltttTogtneous Inttrchange . — Intercbango of 
hydrogen isotopes between simple moleculea b 
catalysed by the common hydrogenation 
catalysts such as platinum, palla^um, nickel, 
iron, etc. (Farkas, andFarkas and others, Tiims 
Faraday Soc. 1935, SI, B21 ; 1936, 32. 416, 922 ; 
J. Amer. Chem. Soc. 1936, 60, 22 ; Taylor and 
others, ihi'd. 1936, 57, 680, 1256 , 1936, 58, 
1445 ; 1938, 60, 362 ; Birota and Uonnti, Sci. 
Papers Inst. Phya. Chem. Rea. Tokyo, 1936, 
80, 151 ; Boriuti and Polanyi, Trana Faraday 
Soc. 1934, 80, 1164 ; see aUo Ingold and 
Wilson, Z. Elektroehem. 1938, 44, 62) 
Biological Applications. — The use of 
deuterium as an indicator in the study of inter- 
mediary metabolism has produced much useful 
information, von Heveay and Hofer (Nature, 
1634, 134, 879) used deuterium oxide to follow 
the elimination of water from the human body. 
Erlenmeyer and Girtner (lAid. 1006) examined its 
distribution in rats. Breuseh and Hofer (Berlin. 
Idm. Woch. 1934, 13, 1815) found that no 


fractionation of H,0 and 0,0 in the organism 
could be detected in normal cases. Woglom and 
Weber (J. Amer. Chem. Soc. 1934, IM, 1283) 
showed that D,0 has no effect on mouse sar- 
coma. Deuterium has been used as an indicator 
in fat and other metabolism (Cavanagh and 
Baper, Nature, 1936,137, 233 ; Ritteoberg and 
othWs. J. Biol. Chem. 1036, 114, 381 ; 115, 635- 
1937, 117, 485). 

The incorporation of deuterium in the kving 
organism is the subject of a research by Bon- 
hoeffer and others (Z. physikal. Chem. 1036, 175 
459 ; 176. 202 j 1937, ISO, 185). 

The effect of exchange of deuterium for 
hydrogen in experiments involving enzymes 
and moulds is to produce a greater or leu 
reduction in activity. Pollen genmnates more 
slowly in 0,0 than in ordinary water (Plantefol 
and Champetier, Compt. rend. 1935, 200, 423} 
Yeaat is Jess active in piesencc of deutenum 
oxide (Taylor and Harvey, Proc. Soc. Exp. Biol. 
Med. 1934, 31, 954 ; ep. Hughes, Yndkin, Kemp 
and Rideal, J.C.S. 1934, 1105 ; Steacie, Z. 
physikal. Chem. 1934, B, si7, 6 j Bonhoeffer and 
Saber, Naturwiss. 1935, 867 ; Shoup and 

Aleyer, J Tennessee Acad. Sci. 1935, 10, 127 j 
Saber and Bonhoeffer, Z, physikal Chem. 1936. 
175, 304 ; von Dungem, Z. Biol. 1936, 97, 
167). 

A summary of researches in physiological 
chemistry using deutenum compound is given, 
by Bonhoeffer (Z. Elektroehem. 1938, 44, 67) 
and Theia (Woch. Brau. 1938, 55, 36). 

Spectroscopic Data. — The wave-lengths of 
chief lines in the Balmer series of deutenum an 
given below, the hracJteted data being values 
fortbecorTteporiding Ha, H8. Hy, and H5 lines 
Oa 6561 00 (0562 793) ; DA,486()00(46ei-326}: 
Dy, 4339282 (434 0 467); and Df 4100 619 
(4101 738). The differences between deuterium 
and hydrogen in the Ralmer scries are in agree- 
ment with the calculations of the isotope effect 
based on the Rydberg formula. 

The molecular spectra of HOand D, hare been 
studied and the differences between these 
molecules and hydrogen accord with calculations 
based on the theory of the isotope effect. The 
spectra of the numecoua other diatomic molecules 
have abo been examined (f g. LID.. NaD.. AgD, 
CaD, AID, etc.). Fordata, sec'* Tables Annuelles 
de Coostantes et Donnies Numfriques. I 
Deuterium et Composes de Deutenum.” by 
G. Champetier (Hermann & Cie, Pans), 1937. 

The general effect of substitution of deuterium 
for hydrogen is to change the features of the 
spectrum dependent on the moment of inertia of 
the molecule The interatomic distance is not 
altered by substitution of D for H. The change 
m the moment of hiertia may have profound 
effect on the general appearance of the spectniro 
Thus the ultra-violet absorption spectra of the 
molecules ND, and NH^ or of CHj’ND^ana 
CH,-NH,are quite datmet, as are the infra- 
red spectra of molecules such as DCJ and HCi 
or 0,0 and H.O. These distinctions have also 
been observed in the Raman spectra of a Urge 
number of substances, C^HiO and C,H, or 
CHj-COOD. CH,-CO,H and CD, -00,0. 
Forcomprebensive data, see Champetier, op td.) 
The table below illustrates typical change* in 
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the fundamental 

frequeneies of molecules 

brought about by substitution of D for H. 


Fundamental 

Molecule. 

frequencies, cm.“' 

HjS . 

. . . . 2578 

DjS . 

. . . . 1875 

H^As. 

. . . . 2094 


990 


910 

D3AS , 

. . . . 1508 


730 


630 


In the case of more complex molecules {e.g. 
with CjHj or CHj-COOH) partial sub- 
stitution of hydrogen by deuterium has been used 
as a means of assigning observed vibrational 
frequencies to the appropriate molecular 
vibration. 

Estimation of Deuterium. — number of 
methods are in use for the estimation of D, 
some of which can be applied only to water and 
others only to gaseous hydrogen. 

Spectroscopic and Mass SpecirographicMethods. 
— ^These methods are qualitative as weU as 
quantitative. The first quantitative estimation 
of deuterium was carried out spectroscopically 
by Urey, Brickwedde and Murphy (Physical 
Rev. 1932, 39, 164, 864). The method was 
based on the different wave-lengths of the 
corresponding lines in the atomic spectra of the 
hydrogen isotopes and was carried out by 
comparison of the intensities of the )3 and y 
lines of the Balmer spectrum. Bleakney {ibid. 
1932, 40, 496 ; 41, 32 ; 1933, 44, 265 ; 1934, 45, 
281, 655) devised a very accurate method using 
the mass spectrograph and which required only 
small quantities of gas. 

A thermo-conduotivity-micro method was 
employed by Earkas for whith 2-3 cu. mm. 
of gas were required. The D content, however, 
must not be less than 1%. It has an accuracy 
of ±0-1% (see Parkas, Pros. Roy. Soo. 1934, 
144, A, 467; Trans. Faraday Soc. 1936, 32, 413; 
Parkas, Parkas and Bideal, Nature, 1936, 137, 
315 ; see also Harteck, Z. Blektrochem. 1938, 
44,3). 

The most widely used method of estimating 
deuterium is that depending on the direct 
determination of the density of water containing 
deuterium either by the pyknometer or by means 
of the float, each of which is capable of an 
accuracy of 1 in 10-®. This method is applicable 
to the determination ofDj in all compounds 
which can be oxidised to give water. For details 
of the pyknometrio method, see Washburn and 
others (J. Res. Bur. Stand. 1933, 11, 453 ; 
1934, 12, 305). For the float method, see Lewis 
and MacDonald (J. Chem. Phys. 1933, 1, 341) ; 
EmeEus, James, King, Pearson, Purcell and 
Briscoe (J.C.S.1934, 1207 ; 1935, 1545). 

Bibliography. — A. Parkas, “ Orthohydrogen, 
Parahydrogen, and Heavy Hydrogen,” Univer- 
sity Press, Cambridge, 1935 ; G. Champetier, 
“ Tables Annuelles de Constantes et Donnees 
Numeriques. I. Deuterium et Composes de 
Deuterium,” Paris, 1937. 

M. C. 

DEVARDA’S alloy. a brittle aUoy 
containing 45% of aluminium, 50% of copper, and 


5% of zinc. Devarda’s alloy reduces nitrates to 
ammonia quantitatively in alkaline solution, the 
ammonia being then distilled into standard acid 
solution (Devarda, Chem.-Ztg. 1892, 16, 1952 ; 
Z. anal. Chem. 1894, 33, 113 ; Bnsvold, Chem.- 
Ztg. 1914, 38, 799) (v. Chemical Analysis, 
Vol. H, pp. 598, 664). 

DEXTRAN, CjHioOs, or viscose, is a gum 
which occurs in the unripe sugar beet (Scheibler, 
Wag. J. 1875, 790). It is formed in the lactic 
fermentation of cane sugar by the action of 
Streptococcus (Leuconostoc) mesenteroides, (van 
Tieghem, Jahresber. Agric. Chem. 1879, 544 ; 
Bfichamp, Compt. rend. 1881, 93, 78; Briining, 
Annalen, 1857, 104, 197). S. hornensis isolated 
from curdled milk, some water r samples and 
flowers also converts media containing up to 
20% sucrose into dextran (Boekhout, Centr. 
Bakt. 1900, [ii], 6, 161). 

An animal dextran, CjHioOj, is found in the 
galls' produced on elms by the louse (Schizoneura 
lanuginosa) (Liebermann, Pfliiger’s Archiv. 40, 
454). 

DEXTRINS, n(C5Hio05). When diastase 
acts on starch paste, maltose is the principal 
product, but various dextrins are also formed, 
their nature depending on the nature of the 
enzyme and the conditions of action. The 
precise nature of these products of the degrada- 
tion of starch stfll remains obscure and it is not 
easy to make a satisfactory review of the subject 
at the present time. Recent work, however, 
points strongly in the direction of the dextrins 
being side products or by-products of the action 
of enzymes on starch rather than, as previously 
believed, intermediate products formed on the 
w'ay to maltose. The dextrins differ according 
to the conditions (pg, temperature, concentra- 
tion) and the nature of the enzyme used. Some 
(like a-amylodextrin) appear to be fragments 
of the original starch molecule left unattached 
by the enzyme preparation. Others appear to 
be formed owing to reversion or retrogradation 
occurring (stable dextrins). 

According to their behaviour towards iodine 
they have been classed into 

Amylodextrins, giving a blue colour and 
soluble in 25% alcohol. 

Erythrodextrins, giving a reddish-brown 
colour and soluble in 55% alcohol. 

Achroodextrins, showing no colour and soluble 
in 70% alcohol. 

In the following a summary is given of the 
more definite dextrins which have significance in 
regard to the structure of starch and the mode 
of action of the two amylases (the a- and )3- 
amylases of recent workers). 

Unfortunately Syniewski, whose work per- 
haps forms one of the best contributions to the 
subject, has used a different and special nomen- 
clature. Especially interesting in Syniowski’s 
work is the proof that ungerminated barley is 
actually richer in diastase (his a-diastase) than 
the malt made from it. This diastase, however, 
is present in a form which is insoluble in water 
and is only brought out by digestion with a 

^ An account of starch-iodine coloration as an index 
of differential degradation by the amylases has been 
given by C. S. Hanes and M. Cattle. Proc. Boy. 
Soc. 1938, B, 126, 387-414. 
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proteaae— jw^nyo/in j during germinatioa the 
b&rley amylaae la apparently released and partly 
converted into the second amylase (hia ^-dtas- 
tase). He shows how the two diastases augment 
each others’ activity, and woits out a quantita- 
tive method for measuring this effect. 

The dextnns are characterised physically 
their optical rotation and cupric reducing 
power. 

The early work of Brown, O'Sullivan, etc , 
gave the reducing values (K) m terms of glucose 
taken as 100. Later valuta 'wcia expressed in 
terms of maltose as 100 by the symbol K, or 
preferably Rjf 

In Germany and the USA, the Wein method 
and tables (“ Tabellen sur quantitativen Bestim- 
mung der Zuckerarten," 1888) are stiU used in 
estimating maltose in epite of tbe fact that 
British workers since 1807 have shown them to 
be incorrect to the extent of being 6% low for 
anhydrous maltose (Brown et al., J.CS. 1897, 
71, 103-106 i Ling and Baker, ibid 609) 

Syniewski imce 1925 has used correct^ Wein 
values. 

I. Thb so CAU.1SD AMYLontxTMsa (montraso 

A rUEE Bt-ttE CQLOTO WIJTI lODWE) (NoK- 
BEDPCTKO) 


It is converted by malt extract previously heated 
at 76*C, into 67 3% maltose and the reducing 
Limit.devtcin 1 ([o1d=180“|. 

ITie a>amylodextnn of Baker or non-reduebg 
lamit-destnn I of Syniewski would be the a- 
starch of Van Klinkenberg (Erg. Enzymforsch. 
1934, 8, 71) left unattacked by his p diastase. 

The above substances must be distmgmsW 
from Hageh'a amylodextrm (1674), which is 
obtained by tbe very prolonged action of acids on 
potato starch at the ordinary temperature 
This, according to Brovm and Moms (JCS. 
1889. 55, 449) is easily soluble in hot water, 
dissolves in cold water to form a 1'75% solution, 
and produces an inUnse-rtd coloration with 
iodine. It bad [a]ysgf=2063‘’^ Kses°°007, 
and was eomplelthj converted mto maltose by 
malt extract in 20 mmutes, at temperatures up 
to OtyC This dextrin was a strongly TcduciLg 
anbstance. 

Lintner and Bull's “ ami/loiatrin ” (Ber. 
IS93, 26, 2533) or “ amorphous soluble starch ’’ 
bad (o}n“196® and was nonreducing and 
apparently the same as Baker's and Syniewski's 
material. 

II. REDtrcfKo Dextrins—“ Limit »z*' 
TRniS " (GBEKZ OEXTBDf). 


Aj—Tha so^aUsd *' amytodaxtrln " or' 
solubilised starch (Syniewski, Annalen, 1903,, 
324, 213; 1925, 441, 377), ts made from potato 
starch by beating with uater in an autoclave 
(12 hours at 140®C.) until it is completely soluble. 

It has the composition and 

was regarded by S^ewski as 12 maltose radicab 
coinbinod with a dsxtntv-ting complex. 

B— a-Amylodextrln, (ajo 190-195% Ru» 

0 50-2(J. L. Baker, JCS 1902, 8t, 1177), u 
prepared by the action of precipitated diastase , 
from barley extract (t e. the a-amylose of 
Syniewski, Biocbem. Z 1935, 158, 87) 00 Lint- ' 
nor's soluble starch, or on starch paste, pre 
fecably at 60° C. (Theactionon starch paste b' 
elower than that on soluble atarcb ) It is 
sparingly soluble in cold water, readily in hot 
water. Solutions giro a pure blue colour with 
iodine. It is converted by precipitated malt 
diastase after IS hours’ action mto maltoae, , 
acbroodextnn, and a considerable amount of 


C. Non-reducing Llmit-dextrln I (Crenz- 
dextrin I), (a^n + lOi 92% R -0 97 (Syniewski, 
Annalen, 1035, 441, 285; be was unaware of 
J. L. Baker’s work). Prepared by the action of 
bitloy extract (i e. the a amylase of Syiuewski, 
Biocbem. Z. 1035, 158, 87) on his amylodextrm 
solutions (5 7%) at ordinaiy temperature 
75 minutes; action then became very slow. 

The sbght reducing power is regaled as duei 
to decomposition of the dextnnbybot Fehlmg’s' 
solution. 

It gives a pure blue colour with iodine eolation 
Analysis indicated : 

or (C,H„0,)„.3H,0. 

It polymerises in cold aqueous solution to, 
S(C..H.|g 04 j), and tbe molecular weigbti 
by too z.P. method gives 6,002 (Theory 5,997). I 


B— Uimlt.dextrln),[8]S’+179 6%BM-17 65 
(Wein) ‘ and 16 3® (Wem) (Syniewski, Annalen, 
1899. 809, 282; 1902. SS4, 212), is prepared 
by tha action of fresh malt extract on starch 
paste at ordinary temperatures, and also on 
aolutiona of aioylodextrins. 

Analysis indicates . 

C„H„,Oej-12(C,H,oOj).2H,0 

MoL wt. feund-1,897 (F.P.l. (Theory=l,980 ) 

When treated with malt extract for a very 
long period (three weeks in 6% solution) it 
gave “ isomaltose," which was extremely 
hygroscopic, Ce]”-=+Hl'4% Rii=84 6 (Wein), 
oaaxone, m p. 152 6°. 

Syniewski terms this (somallose “ dextrinose. ' 

E.— LImIt-dextrin i I,M d+179 6%Bk« 30 0 
(Weio) (Syniewski, Annalen, 1903, 324, 212), 
la made by the action of malt extract 
previously heated for 15 minutes at 78-77'C 
(this would be by the action of the ^ diastase of 
Syniewski, the a diastase of others) onsolubilisod 
starch, until tbo iodine colour just disappcan 
Analysis indicated : 

C,»H„05 i» 6 (C,H,oOj).H ,0 

Mo], wt, founds], 030. (Th6ory=990) 

It dissolves fairly readily in hot 80% alcohol, 
sparingly in 90% alcohol, and is converted slowly 
by unheated fresh malt extract (45®C., 48 houn) 
though nearly quantitatively to maltose (99 (f/o 
Wein*=ll>i% corrected). 

This is taenltcal with the foDowing dextnns of 
other workers : 

E,— Maltodextrin. Wism-IO^-I®, Kjsi 
=2M (Brown and hforns. J.C.S. 1885, 47, 627), 

* In his esrly papers. Svnlcwsfcl used 
method for dctcrmlBlog insltosc, which gives 
shout 5% low. The values given tnafVeo 1"';'“' 
are bis values In later papers he made correctloo 
fwtho Vr'eln error. 
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made by the action of freshly prepared diastase 
from green malt on starch paste at 60-65°C. 
(This would be the action of the /3-diastase of 
Sym'ewski, the action being carried to [a]j 3-86= 
198°.) 

Brown and Millar {ibid. 1899, 75, 286) give the 
equivalent [a]D=180°, Rh=34-5. 

It was regarded as Cj2H220ii<;(Ci2H 

2oO]o)2 

and was said to be completely convertible by 
fresh diastase into maltose. 

Bj.— Maltodextrin-a, [0 ]^ 180°, Em= 32-8 
(Ling and Baker, ibid. 1897, 71, 508), was made 
by the action of precipitated malt diastase on 
starch paste at 70°C., and had the formula 
C30H62O31, mol. wt. found 990. 

It is sparingly soluble in 80% alcohol, and is 
said to be incompletely converted to maltose by 
precipitated malt diastase. (After 48 hours at 
room temperature the conversion had [a]D 3-93= 
141-3°, R3-93=90-8.) 

E3. — Achroodextrin 1 1, [a]i, 183°, Rm= 
26-6-26-8 (Lintner and Doll, Z. ges. Brauw. 
1894, 17, 339), was separated from starch 
conversions. They regard Brown and Morris’s 
maltodextrin as a mixture of achroodextrin II 
and “ jsomaltose.” 

III. Sdipler Dextrins. 

F.-^-Maltodextrin, Md 172-28° (8-5% 

solution), Rji=42-7 (Wein) (Syniewski, Aimalen, 
1902, -324, 212), made by fresh malt extract 
acting on Limit-dextrin II for one hour until the 
product shows 60% apparent maltose and then 
fractionated. It is easily soluble in 80% alcohol, 
sparingly in 90% alcohol. Analysis indicated 
•'24H«20ji=4(CjHip05)H20. Mol. wt. found 
=695 (theory 666). It is said to give maltose and 
some “ isomaltose ” when saccharified by fresh 
malt extract at 46°C. 

It is identical with the following : 

Fj.— Maltodextrin-^, [0 % 171-6°, Rm= 

43-0 (Ling and Baker, J.C.S. 1897, 71, 508), 
obtained by starch transformations using pre- 
cipitated malt diastase at 70°G. (Action of 
Syniewski’s /3-diastase, Kuhn’s a-diastase.) 
Formula: C21H42O21. Mol. wt. found=070. It 
is incompletely converted by precipitated malt 
diastase in 24 hours. Product had [a]n=140°, 
Eu=91-5. 

Fj. — Achroodextrin III, [ajj, 171-1°, Rii= 
42-5 (Prior and Wiegmann, Z. angew. Chem, 
1900, 13, 464) which is made by the incomplete 
conversion of potato starch paste by an extract 
of green malt (giving a red colour with iodine). 
Formula: (Cj2H220ii)2>H20. It differs from 
Lintner and Diill’s achroodextrin II in being 
partly fermentable by Saaz yeast and more 
fermentable by Frohberg yeast, by whieh in 
vacuo it is said to be completely fermentable. It 
is completely converted by Logos yeast. With 
diastase hour at 50°, gradually rising to 60° and 
70°C.) it gave maltose and Prior’s achroodextrin 
^12 (^2oOio .HjO, but no “fsomaltose.” 

F3.— “ Maltodextrin,” [0% 181-3°, Rii=42-5 
(Brown and Millar, J.C.S. 1899, 75, 286), which 
was made by the action of kiln-dried malt 
(D.P. 38°L.) i.e. by the action of Syniewski’s 
fi-diastase, Kulin’s a-diastase on highly concen- 
trated starch solutions (15%) at 55°C. 


This has the same Ra as Ling and Baker’s 
maltodextrin-;8, but higher [a]p. It is said to 
give maltose only with fresh diastase, without the 
formation of “ tsomaltose ” or stable dextrin. 
It is not in the slightest degree fermentable by 
(English) brewery yeast. 

IV. The So-called “ Stable Dexteins.” 

G. — Stable-dextrin, [0 % 197-198°, Rm= 5-6 
(Brown and MiUar, J.C.S. 1899, 75, 315), is 
made by the action of cold water extract of malt 
on gelatinised starch at temperatures below 
60°C., the action being carried to the “ resting 
stage ” ([a]jj=150°, Rm=80). 

It is not resolvable by fractionation. Unlike 
the maltodextrins, it is attacked very slowly by 
large quantities of malt extract. A 7% solution 
was only saccharified to the extent of 30% 
after 48 hours by 25 c.c. of malt extract per 
100 c.c. of solution. (The malt extract was 
prepared from a kiln-dried malt and found to be 
free from malfase.) The product consisted of 
equal parts of maltose and glucose. It was 
regard^ as 39 CgHmOj groups and 1 CgHi206 
(aldehydic). Mol. wt.=6,221. 

H. — Stable-dextrin, [a]i, 185°, Eii=14 (Ling 
and Nanji, J.C.S. 1925, 127, 636), which is 
made by the saccharification of potato starch 
by precipitated malt diastase (from brewer’s 
malt Z. V. 30°) at 40°C. until the apparent maltose 
was 80-8%. The product was carefully frac- 
tionated. M.wt.=l,923. It is regarded as a 
tetra-amylose and said to be transformed slowly 
by maltase into tsomaltose and with emulsin 
to give a mixture of maltose and glucose. 

It is . clearly quite a different material from 
Brown and klillar’B stable dextrin. 

Schardinger by the action of Bacillus 
macerans on starch obtained crystalline doxtrins 
designated as a- and /3- which Pringsheim has 
termed polyamyloses. 

Pringsheim sets out the polyamyloses as 
a-series. Botation. 

a-hexa-amylose [(CjH 2005)213 -f 139° 
a-tetra-amylose[(C5Hin05)2]2 -f 148-5° 
di-amylose (CoHioOj)" -fl36-5° 

/3-serics. 

/3-hexa-amylose [(CoHio05)3]2 -1-158° 
Tri-amylose (CjH 1005)3 -1-161-5° 

and describes their esters and halogen addition 
products. 

Karrer and Biirklin (Helv. Chim. Acta, 1922, 
5, 181) question the existence of triamylose, 
and considers it and ;S-hexa-amylose to be a 
polymeride of maltose anhydride, i.e. an octa- 
amylose. 

These polyamyloses yield glucose on com- 
plete hydrolysis, acetylbromide converts them 
into Bcetobromomaltose, whilst hydrochloric 
acid and silver carbonate cause the formation 
of amylobiose (fsomaltose). 

•When tetra-amylose is dissolved in forma- 
mide and precipitated with alcohol, 80% of 
crystalline a-amylosan is obtained, and the 
balance of 20% is obtained as crystalline 
^-amylosan on distillation of the filtrate 
(Pringsheim, Wieder and Weidinger, Ber. 1930, 
63, [BJ, 2628). 
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The compositioD of these deztrins is as yet 
too oQceTtain to make further discusaoTL of 
value. The subject has been discussed by 
Pringsheim (" Die Polysaccharide," Berli^ 
1931; also '* Cbemistiy of Monosaccharides and 
Polysacchandes,” 1932. pp. 280-295), and 
by Pictet (X^me Conference de TUzuon Inter- 
nationale de Chinue Li^ge, 1930}. 

The very properties which make the dertnna 
obscure chemically, namely, their varied 
properties, have bwn turned to advantage in 
industry, where they servo a wide variety of 
parposes as adhesives. 

In industry the processes for the produotion 
of destnn may be mvided into two classea • 

(1) Diy starch is subjected to the action of 
heat alone or with chemical agent*. 

(2) Wet starch, suspended m water or 
cooked to a ]eUy, u acted on with chemical 
agents with or without heat 

The former is the more important The 
.products vaty greatly from almost pure white 
to dark brown, and there is no close definition 
>'of dextrin, though there is a U.S. Government 
' specification. A summary of the subject with 
an abstract o! the hterature is given by Bloede 
in Walton’s " Comprehensive Survey of Starch 
Chemulry,’’ New York, 1028 

Any one of the starches in commerce can be 
wed as raw material Potato etaieb is the 
easiest to convert and produces the highest type 
of dextcin, but the taste developed makes it 
nndesirable for postage stamps and envelope 
gum. Tapioca sUrch is preferable, producing 
taeteleea products, and it is now the leading 
raw material for high grade dextno. Com 
(maize) starches aro mferior for many purposes, 
but as they are cheap they exceed all others in 
annual tonnage used. 

The starch u first freed as much as possible 
from comhmed water by drying m amtable 
ovens, and then submitted to a temperature of 
212-275® in rotating shcel-iron drums. The 
heat IS supplied by hot oil, rape oil being fairly 
enerally used, or by direct fire. When the oil- 
ath is used, the control over the temperature is 
greatest, and the colour of the product can bo 
varied at will from white to dark brown. tVhen 
tbe drums are heated by direct fire, they are 
made to rotate on slightly inclined axes, the 
dried starch being fed in at tbe higher end of 
tbe revolving cylinder and the product dis- 
charged at the other. Sheet iron ovens are also 
used ; they are constructed singlyorinscU. The 
heat IS suppL'ed by a furnace, the heated air 
from which is drawn over the top of tbe ovens. 
The material is kept continually stirred by flat 
iron oars. Boxes and trays aro also used as 
converters, and, indeed, the maker has only to 
consider the variety and quality of product 
required, and to remember that the dner tbe 
starch and the lower tho temperature of con- 
version, the whiter will bo tho product, and, 
further, that different starches yield different 
products, i.e. behave difTerenlly when enb 
nutted to the action of heat, to enable him to 
construct an apparatus that n lU suit bis require- 
ments. It roust also he borne in mind that the 
conversion takes place more slowly at a low 
temperature. 


The alternative method, in which leas heat 
is required to yield a eatisfactory product, is to 
spray or moisten the starch either with a 
.mixture of dilute nitrio and hydrochlorio acids, 
or with each acid singly, or with dilute ozahe 
acid. The paste is dned and heated at 100-120® 
or to ISO®, till the transformation is complete, 
as determmed by the iodine test ; it must then 
be arrested promptly. 

For a method of examination of commercial 
deztnn and related starch products, v. Babmg- 
ton. Tangle and Watson, J.S C.I. 1918, 37, 
257T. The manufacture of potato deztnn is 
described by A. E. Williams (Chem. Trade J. 
1932, 90, 99? Ind. Chem. 1932, 8, lU). 

On heating dry starch with formic or acetic 
acids, the starch nucleus is broken down and 
esters of dextnns are formed, which are soluble 
m cold water. The proportion of acid fixed 
depends on tbe time of treatment. After 15 
hours’ heating with glacial acetio acid at 90®, 
the product just ceases to give a blue iodine 
coloration, and tbe products of tbe further 
heating are aoluble m cold water. When care » 
taken to exclude moisture, and the heating is 
contmoed for 2 or 3 hours only, using equal 
weights of starch and glacial acetic acid, an 
acetyiated starch, known commercially as 
Ftculote, 19 obtained. This behaves like starch 
towards boihriE water, but the jelly does not 
revert on standing It forms very clear flexible 
films, and is said to give better results than 
dextrin as a textile finish (see Traquair, J S C I. 
1009,28,288) 

During hydrolysis the formation of glucose 
should M limited as far as possible, as it increases 
tbe bygroecopicity of the dextrin. The quantity 
present depends to some extent on the nature 
of the hydrolytic agent, of which of 1% Is 
employed. 

Tbe operation of dextrinisation is said to be 
etiU largely an art, there being a variable resist- 
ance of the starch to the action of the hydrolysing 
agent, doubtless duo to the presence of smiU 
but varying quantities of impurity in the staicb. 
Ibb view is supported by the fact that the 
resistance of the lower grades is more marked. 

BrtitfA ffvm differs from dextrin in having 
gjeatec viscosity and qtoduemg. a much thicker 
liquid when made up with the same quantity of 
water. This is duo to the presence of only 
partly converted starch. Tor its manufacture 
roasting alone is generally sufficient, rapid 
heating to between 350® and 400®F. being 
essential. 

“ Gum powders ’’ have recently become of 
importance as bottle adhesives and are special 
powdered forms of dextrin 

Paste or only partly converted dextrins arc 
advantageously made by means of errayroes. 

The thin boiling starches required by the 
textile industry ate usually prepared by making 
a cream of the raw starch in water, adding the 
coquisibe amount of mineral acid, and digesting 
at I00-120®F., a temperature below the 
bursting point of the granules. A better, 
though more expensive, method is by treating 
the starch in the cold with an oxidising agent 
such as sodium hypochlontc. 

Vtgtiable f/lue is prepared by alkaline treat- 
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ment of starch, for example, by heating with 
6% caustic soda with constant agitation to the 
bursting point of the starch granule. The 
stringy glue-hke mass has high adhesive proper- 
ties and is widely used in the wood-working 
industry as a substitute for animal glue. 

E. F. A. 

" DEVIL’S ” DUNG v. Asatcetida. 

DEXTROFORM. A non-poisonous com- 
bination of dextrin with formaldehyde which is 
used as a disinfectant dusting powder in the 
treatment of wounds and infected ulcers. 

DEXTROSE, glucose, v. Caebohydeates. 

DHAK GUM, a variety of Indian kino 
obtained from Bulea frondosa Eoxb. (q.v.). 

DHURRIN is a cyanophorio glycoside iso- 
lated by Dunstan and Henry (Phil. Trans. 
1902, 199A, 399) from the leaves and stems of 
the great rrullet. It is jjora-hydroxymandelo- 
nitrile glucoside and is hydrolysed by emulsin. 

E. P. A. 

DIABASE. This name was introduced by 
the French mineralogist A. Brongniart, in 1807, 
for those varieties of basalt in which the light 
and dark minerals, respectively felspar and 
augite (or as he erroneously supposed, felspar 
and hornblende), are distinguishable to the 
unaided eye. As actually defined by him, the 
term is therefore synonymous with the diorite 
of Haiiy (1822), whilst with the correction of 
augite for hornblende it becomes a sjmonym of 
the dolerite of Hairy (1822). In the latter 
sense it is used by some authors at the present 
time. Unfortunately, the term was re-defined 
by German petrographers, and it came to be 
applied to the older, or pre-Tertiary, dolerites, 
whioh differ from those of more recent date 
only in showing correspondingly more altera- 
tion, with the development of secondary 
mmerals, such as chlorite. In consequence of 
this, the name “ diabase ” is now applied by most 
English authors to a partially altered or 
weathered dolerite. In this sense it has an 
economic bearing, since rocks of this class, being 
of wide distribution, are much quarried for road 
making. For this purpose the fresher dolerites 
are somewhat brittle, whilst diabases are tougher 
and more durable, providing that decomposi- 
tion has not proceeded too far. There is also a 
tendency to use the name “ diabase ” in a loose 
sense, like the popular terms “ greenstone,” 
“ whinstone,” “ loadstone,” and “ trap-rock.” 

L. J. S. 

DIABETIN. Trade name for a preparation 
containing 12% of saccharine, 45% of sodium 
birarbonate, 43% of tartaric acid and traces of 
red colouring material (J. Polak, Pharm. 
Weekblad, 1909, 46, 619). 

DIACETIN V . Aceuk. 

D I ACETYL, CHyCO-CO-CHa, the first 
member of the ahphatio l:2-diketones, a yellow 
uquid, b.p. 87-88°. The charaoteristio odour of 
butter is due to the presence of a small quantity 
of diacetyl (about 0-0005%) (o. Buttee). 

diacetylenes. The members of this 

poup of hydrocarbons have two acetylenic 
liukages in the molecule. These linkages may be 
conjugated or unconjugated. Two principal 
classes of diacetylenes are to be recognised, 
VIZ. those in which the acetylenic linkages (one or 


both) are terminally situated and whioh conse- 
quently retain one or two reactive (“ acetylenic ”) 
hydrogen atoms, and those in which all the 
reactive hydrogen atoms have been substituted 
by other groups. Substances of the former 
class (e.g. diacetylene) can display both sub- 
stitutive and additive reactivity, whereas 
those of the latter class (e.g. dimethyldiacetylene) 
can only display additive reactivity. 

Preparation. — Diacetylene, CH-C-C-CH, is 
conveniently prepared by the action of cupric 
chloride solution on cuprous aoetylide, followed 
by treatment of the copper diacetylide thus 
formed with dilute hydrochloric acid. The 
gaseous diacetylene so produced is purified in 
the Stock vacuum apparatus. Increase in the 
relative proportion of the cupric chloride, up to a 
point, increases the purity of the diacetylene 
produced, but also diminishes the total yield of 
gas owing to increased oxidation of the copper 
compounds (Straus and KoUek, Ber. 1026, 
59, [BJ, 1664). Diacetylene can also be prepared 
by the action of excess of alcoholic potassium 
hydroxide at 150-160° on butadiene tetra- 
bromide (Lespieau and Prdvost, Compt. rend 
1925, 180, 675), and it has been obtained together 
with numerous other products by maintaining an 
electric arc beneath the surface of ethyl alcohol 
(Muller, Helv. Chim. Acta, 1925, 8, 826). 

S 5 rmmetrical]y disubstituted diacetylenes of 
the conjugated type R-C-C-C-CR can be 
smoothly prepared by the action of cupric 
chloride solution on the copper derivatives of 
monosubstituted acetylenes RC-CH (Straus 
and KoUek, l.c.), or by the action of iodine 
(2 atoms) on acetylenic Grignard reagents of the 
type CR-CMgX (Grignard and Tchdoufaki, 
Compt. rend. 1929, 188, 367). Symmetrical dia- 
cetylenio hydrocarbons of unconjugated type are 
obtained (1) by the action of acetylenyl bromides 
on magnesium (sometimes sodium) in ether, 

Mg 

2CRiC CH2Br >- CRiC-CHjj-CHa-CiCR. 

(2) by the action of monosodio-acetylenes on 
polymethylene bromides, 
2R-CCNa-hBr-[CH„]5-Br 

s- R-C-C-CCHjVCiCR, 

and (3) by the action of suitable dibromo- 
olefins on pol 3 rmethylene dibromides in presence 
of magnesium, foUowed by treatment of the 
product with alcoholic potassium hydroxide ; 
Br-[CH2]7-Br-)-2CH2:CBrCH2Br 
Mg 

^ CH2:CBr-[CH2VCBr:CH2 

KOH 

>- CHjC-rCHjVC-CH 

From those diacetylenio hydrocarbons whioh 
contain one or two replaceable hydrogen atoms in 
the molecule, alkyl derivatives can be obtained 
by the action of methyl sulphate or other 
suitable alkylating agent (see Acetylenes) on a 
metaUic derivative of the hydrocarbon : 
[CiC(CH2)2-C:C]Mg 

MejSO, 

s- CMe:C-(CH 2 ) 2 -C:CH, and 

CMeiC-(CH2)2-CiCMe 
In general, unsymmetrical diacetylenio hydro- 
carbons can be obtained by the action of 
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exce&e of hot alcohoUo potassium bydroTide on 
the corresponding diolefin tetrabromides s 
R CH8r CHBr-[CH,In-CHBr'CHBr.H' 
4K,OH 

*• R-C:C-[CHJn-C:CR' 

Properties. — The diacetjlenes are gases or 
liquids, nsualiy of pronounced odour. Those 
compounds vhich retain one or tiro reactive 
hydrogen atoms in the molecule react with 
ammoniacal cuprous chloride, alcoholio silver 
nitrate, etc., to give metalhc derivatives in the 
same manner as does acetylene, and with 
hypohaloua acid (or under certam conditions 
with halogens) to give halogeno-acetylenes 
Also all diacetylenes add chlorine, bromine, 
iodine, or hydrogen hahde at theu unsatniated 
centres. 

Biacetylene, the simplest compound of the 
group, 13 a gas at room temperature (b.p. +9 5“ 
to mm.; dj 0 7364, 1-43862). It 

\ readily yields explosive metalLo derivatives and 
} in liquid form polymerises easily to give dark* 
coloured soLd products ; when heated it forms 
liquid polymendea. By the action of iodine 
on the eilver compound, or more conveniently, 
by tbe action of iodine and bypoiodoua aud 
on the hydrocarbon, di lododiacetyleno is 
obtained; impure s^cimens of the latter are 
vloleiitly explosive. BMododiacetylene is trans- 
formed by iodine in ethereal solution to aaBySS- 
hezaiodobutadiene, mp. 165 5-166 6^ with 
iodine in chloroform solution diacetylene yields 
tbe tetraiodide, CiHjIi, mp. 53-69°; with 
bromlae it reacts with onezpected slowness, 
the mam product being a hezabtonude, m.p. 
1S3'6*, but It gives also some proportion of an 
Isomeno bromide, m.p. 114°. Biacetylene can* 
sot be regenerated satisfactorily from the 
hezabromide by the action of zmc m an alcohol 
or acetone medium. 


Tbe conjugated diacetylenes can be hydro 
gcnated catalyticaHy and can evidently display 
some tendency towards terminal addition since 
diphenyl diacetylene on dihydrogenation under- 
goes 1:4 , 1:2.3 4-, and l:l:4.4-Bddjtion simnl- 
taneonsly: 

H, fCHPh.C:CiCHPh 
CPh;C-CtCPh ■^CHPh:CH CH:CHPh 
l.CHiPhC:CCH,Ph 

In general, each nnsatnrated centre of either 
conjugated or unconjugated diacetylenes is 
capable of displaying additive properties similar 
to those which characterise the simple 
I acetylenes. 


Conjugated DiacelyUnet, 

RC:C C:CHand RC:C C|CR. 

B p. (m p ). 

Methyl diacetylene (A^^-Peutadi-inene) 42* (c.) 


(A**^-Hexadi.inene) 80® (e.) 
(A®^-Heptadi inene) (1) 
(A^^-Hexadi-inene) 

130° (64°) 

(A^'Octadi inene) (!) 
^^-Decadi- 

. .6S°/12mm. 

(A*^'Dodecadi- 

. . 103°/8 mm 

(A^^'Tetradecadi- 

. . 118°-119°/4mm. 

(oS-Dipbenyl-A*^*'" 

. . . (86 5-87°) 

{o$-Dipbenyl.A^^‘ 

. . . (101°) 

Di-P-phenylethyl ^acetylene (afl Biphenyl- 
A^-octadi-inene) . . . (US') 


Ethyl 
Propyl- ,. 

Dimethyl- 

Diethyl- „ 

Di-n-propyl- „ 
inene) 

Di-n-bntyl- „ 
inene) 

Di-n amyl ,, 
inene) 

Diphenyl- ,, 
idi-insne) 

Dibeozyl- ,, 
bezau inene) 
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Formula 

B.p. (m p ). 

d 

.r 

*■0 

A °*-Heptadi-incno 

CH:c-ICH,lj-C:CMe 

26°-27*/3 mm. 

0 810« 

1-4521“ 

a“^- „ 

CH;C [CHJ,C;CH 

Ill 5°-112-5°mm. 

0 8164” 

1-451” 






A*^-Nonadi inene 

CH:C-[CHJj-C:CH 

65°-65 5°/l 3 mm. 
(-21°) 

0 8169« 

1-452“ 

A**^*Undecadi.inene . 

CHiC-[CHJ,-C;CH 

82 6°-83“/2 mm. 
(-17°) 

0 8182” 

1-453“ 

A'*^'Tridecadi.inene . 

ch;c [chj,-C;CH 

(-3° to -2°) 

0 8262” 

1 454“ 

A^'-Pentadecadi-ineno 

C.H„ C!CCH.C CC.H.. 

134'-135°/4 mm. 

_ 

— 

A®°-Hoiadecadi inene 

aJ‘- .. 

CH:C-(CHJj,-C:CH 

162°-165°/I2 mm. 

_ 

— 

C,H„C;CCH.C:CC,H., 

169°-170°/16 mm. 

_ 

— 

a'* 

CjH„C:C[CH,VC:CC,H„ 

157*-158°/10 mm. 

— 

— 

A’^’^-Heptadccadi-inene 

C.HwCiC CH.-C:C-C.H.. 

160*-165°/6 mm. 

— 

— 

A’^^-Oetadecadi-inene 

C4H„-CiC-[CH,VCiC-C,H„ 

167°-168°/7 mm. 

_ 

— 

A^^-Eieosadi-ineno , 

CH:C-[CHJjjC:CH 

(54°) 

— 

— 

A***Tricosadi-ineno . 

C.H,.-C:CCH.C-CC.H,. 

(-IZ- to -10°) 

— 

— 

A^^’Pctracosadi inene 

CjHuC-C ICH,],C:C-C,H„ 

(38 5°-39°) 

— 



E. H.F. 
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DIACRIDINES v. Aobidihb. 

DIAL. 5:5-DiallyIbarbiturio acid, Allo- 
barbitme, m.p. 171-172°. ■ Hypnotic (Ciha, 

London), B.P.C. {v. BAEBmiBio Acid). 

D I ALLAGE. An important rock-forming 
mineral belonging to the monocUnio series of 
the pyroxene group. It has the same composi- 
tion as diopside and Ledenbergite, 

Ca(Mg,Fe)(Si 03 )j,, 

but with the addition of alumina passes into 
augite. It differs from the other members of 
the pyroxene group in possessing a fine lamellar 
structure, due to secondary twinning and 
partial alteration of the material. On the 
surfaces of foliation the mineral displays a 
shining metallic sheen, and on this account it is 
sometimes used as an ornamental stone. The 
colour is grey, brown or green. Diallage is of 
common occurrence as a constituent of gabbro. 

L. J. S. 

DIALLYL, L^°^-hexadhne (v. Botadienes 
AND Polyolefines (non-oonjngated). 

DIALURIC ACID, Tartronylurea, v. Bab- 
BiTUEio Acid (Vol. I, p. 6256). 

DIAMOND. -Carbon crystallised in the 
cubic system. The contrast presented by the 
physical characters of the two forms of crystal- 
lised carbon — diamond and graphite — ^is very 
striking. Diamond is the hardest of minerals 
and, indeed, of aU known substances, but at the 
same time it is very brittle ; on the other hand, 
graphite is one of the softest of minerals, and it is 
flexible and inelastic. The one is colourless and 
transparent and a bad conductor of electricity, 
whilst the other is black and opaque and a good 
conductor. There is also a considerable differ- 
ence in density — diamond, 3-52 ; graphite, 2-25. 

The name diamond, in Prench and German 
Diamani, and similar in most other European 
languages, is a corruption of the Latin Adamas, 
which was used for this mineral by Manilius 
{a.d. 16) and Pliny _{a.d. 100). This came from 
’ASdpas, meaning invincible, a word applied 
by the Greeks to hard metals and stones. The 
similar name adamantine-spar was used by 
the chemist Joseph Black for commdum. 
Although diamond and corundum are numbered 
respectively 10 and 9 in the mineralogist’s scale 
of hardness, and with no other mineral falling 
between the two, yet, as shown by abrasive 
tests, diamond is 140 times harder than conm- 
dum, and more than a thousand times harder 
t^n quartz (No. 7 on the scale). It is on this 
high de^ee of hardness that all the technical 
.applications of diamond depend ; and a faceted 
gem never shows any signs of wear. The 
hardness is greater on an octahedron face than 
on a cube face, and on each face it varies with the 
crystaUographio direction. Lapidaries assert 
that stones from Borneo and New South Wales 
are harder than those from other localities. 

Crystalline Form. — Crystals of diamond are 
generally found singly and with faces developed 
on all sides ; thus indicating that they grew 
fcely from individual centres in some surround- 
ing medium. By far the commonest form is the 
reg^ar octahedron, the faces of which are often 
delicately marked with minute triangular pits or 


“ etched figures,” whilst the edges are nearly 
always rounded and often marked with a pro- 
nounced furrow. Other forms are a hexakis- 
octahedron (six-faced octahedron), and less often 
the rhombic-dodecahedron and the cube, while 
crystals of distinctly tetrahedral habit are rare. 
Nevertheless, it is ' probable that crystals of 
diamond are really hemihedral (tetrahedral- 
cubic) ; the apparent octahedron with grooved 
edges consisting of two tetrahedra interpenetrat- 
ing in twinned position. Distinctly formed 
trvinned crystals are not uncommon. These 
are contact-twins with a face of the octahedron 
as twin-plane, and the two individuals flattened 
parallel to this plane, giving a triangular plate 
with re-entrant angles at the three comers. 
These are known to the Dutch cutters as “ naad- 
steenen ” (suture-stones). In addition to the 
rounded edges, noted above, the faces them- 
selves are often curved, sometimes to such an 
extent that the crystals are almost spherical in 
form. This rounding, as well as the etched 
figures, suggests that the crystals have been 
corroded subsequent- to their growi;h. An 
important crystallographic character of diamond 
is the existence of perfect cleavages in four 
directions parallel to the faces of the octahedron. 
(On the crystallography of diamond, v. A. Fers- 
mann and V. Goldschmidt, “Der Diamant,” 
Heidelberg, 1911). 

Physical Characters. — ^Inits optical charac- 
ters, diamond is remarkable for its very high 
refractive and dispersive powers, the indices 
being: for red light (B) 2-4073S, yellow (D) 
2-41734, violet (H) 2-46476, and the dispersive 
value (H-B) 0-0574L The critical angles of 
total reflection corresponding -with these indices 
' are 24° 33', 24° 26', and 23° 56' respectively. 

I The angles between the facets of the brilliant 
form of cutting adopted for the diamond are so 
arranged that a ray of light entering the gem 
by the front facet will meet the back facets at 
a greater angle than the critical angle, and will 
be internally totally reflected, passing out again 
from the front of the stone, and with a chance 
that rays of different colours 17111 be separated. 
A cut stone, therefore, shows much briUiancy 
or “ fire,” together with flashes of prismatic 
colours. Corresponding with the high refractive 
index, diamond displays a high degree of 
lustre, which is of the quality known as “ ada- 
mantine ” lustre. Uncut stones, especially 
when not quite clear, and with rough rounded 
surfaces, present a peculiar and very character- 
istic lead-grey metaUio appearance. When pure, 
diamond is without colour and perfectly trans- 
parent. The best stones are described as of the 
“ first water ” or “ blue-whites.” More often 
there is a tinge of colour (“ off-coloured ” stones), 
usually pale yellow, brownish, grey or greenish. 
Stones of a good canary-yellow, coffee-brown, 
or black colour are not uncommon, but those of 
rich shades of green, blue, or red are very rare. 
The nature of the colouring matter is uncertain, 
but it is probably inorganic (e.g. iron and 
titanium in the brown stones). Changes in 
colour may be effected by the action of heat or 
by exposmre to radium emanations. Crystals 
of diamond, being cubic, should be optically 
isotropic, but when examined under the polaris- 
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ing microscope they are frequently seen to possess 
anomalous doable refraction, especially aronnd 
enclosures in the stone. This is due to a state 
of strain, but accordmg to R. J. Sutton (1928) 
stories of exploding crystals are mythical. 
Luminescence (fluoreacenceand phosphorescence) 
iBteadilyproducedinBOBie,b'utnotaU, diamonds 
by the action of sunLght, u]tra*TioIet, Bontgen, 
cathode and radium rays, or simply by robbing 
(tnboluminescence]. The cause of the lummes 
cenco'was atlnbuted by G. F. Kum in 1895 to a 
hydrocarbon which he called “tiffanyite.” Dia- 
mond becomes positively electrified by friction. 
It is very transparent to the Rontgen rajs; 
whilst glass imitations are opaque. Being a 
good conductor of heat, it can be dtaiinguished 
from a glass imitation by touching with the tip 
of the tongue, diamond feelmg much colder 
than glass ; also a film of moi^ure from the 
breath will disappear more quickly off the surface 
of diamond than off glass The specific beat is 
leas than that of graphite, and it mcreases rapidly 
with the temperature Colourless diamonds 
(apart from those that are distinctly coloured) 
show amongst themselves differences in the 
absorption bands in the infra red and the 
nltra violet ; and some of them develop an 
eleetno current when exposed to ultra violet 
light— photoelectno effect (R Robertson, J J 
Fox and A. E Martm, Phil Trans 193-f, 232A, 
463). 

Chemical Characters — The combustibihty 
of diamond was first proved expenmentally by , 
the Florentine Acadenucians in 1694 Lavoisier, | 
in 1772, found that the presence of air waa neces- 
saty, and that “ fixed air " resulted ; but it was 
Smithson Tennant, m 1797, who first proved 
that equal weights of diamond and carbon 
yielded equal weights of carbon dioxide. More 
convincing experiments m this direction have 
been made by Davy, Dumas and Stas. A. 
Krause (1690] andH Motssan(1893). Powdered 
diamond burns readily in air at a red beat 
Moissan determined the temperature of ignition 
in oxygen to bo 690-700® , according to J. Joly 
it is 850® in air. It burns with a smaU pale 
blue flame, and m oxygen is able to support 
its own combustion. It is infusible even ut the 
electrio arc ; and it can be heated at high 
■tempetaiurea '(liSlRf’) witnout aiceiation in 
vanous gases (hydrogen, nitrogen, sulphur 
dioxide and trioxide, and nitrous oxide) In 
carbon dioxide, however, at 1,200® the crystals 
ate corroded, with fonuation of carbon mon- 
oxide. It is unattacked by acids, caustic alkalis, 
iodic anhydride, hydrogen potassium snipbato, 
or a mixture of ao<Lum chlorate and nitnc acid, 
hut is oxidised when heated to 180-230^ m a 
mixture of potassium dichromate and sulpbunc 
acid. In fused potassium nitrate or sodium car- 
bonate at about 900® small etched figures are 
slowly produced ; at 1,200® the action is more 
rapid, carbon dioxide being liberated It ts 
acted upon by snlphur vapour at 900® ; and it 
combines wit& iron, yielding steel. Crystals are 
etched by molten oiivmo (magnesium sdicate). 
The fact that diamond gives with oxidlsiiig 
agents only carbon dioxide, whilst graphite 
yields grapmtic oxide, has led to the suggestion 
that these two forms of carbon are chemical 


isomeridea. Observations at high temperatorrs 
are somewhat contradictory ; a mere blackening 
of the surface baa often b«n observed, hut not 
always confirmed. C. Doelter (1911), with 
crystals packed in charcoal or thorium oxjde 
and heatra to 2,600®, obtained only a superficial 
blackening without any alteration m the physical 
characters of the material. Moissan (1893), 
however, records the conversion into graphite 
at the temperature of the electric arc (about 
3,600®); and Parsons and Swinton (1907) found 

that a diamond placed in the focus of cathode 
ra3r8 sn vacua swelled up into a coke like Tn««« 
when the temperature reached 1,890®, In this 
connecitoo tho occurrence of cubes of graphte 
{difloniU) m meteoric irons is sigmficaot; 
these are supposed to be paramorphs after 
diamond. 

Tho ash remaining when diamond is burnt 
amounts, for colourless crystals, to 0 03-0 05%, 
but in the less pure carbonado it may reach 
4 8% It consists mainly of iron oxide and 
sibco, with some hme, magnesia, and titanium. 
The iron and titanium may represent the colour- 
ing matter present m the stone ; but the fre- 
quent presence of ounuto enclosures in diamond 
IS not to be overlooked. In addition to liquid 
enclosures (carbon dioxide and water), the 
following materials have been recorded . black 
carbonaceous matter, magnetite, ilmenite or 
bsmatite, quartz, rutile, pyrite, gold, garnet, 
olivioe, cblonte (1), apopbylhte, etc. (R. J. 
Sutton, film filag. 1921, 19, 308, L. J, Spencer, 
tbtd 1924.20,245} 

Varieties. — Differing in certain points from 
the general characters enumerated above, there 
are two vaneties of diamond — bort and ea^ 
bonad^~which, for tecbiucal purposes, are more 
important than tbe purer crystals ua^ for gems. 
These are ciystallme aggregates, as distmet from 
single well-developed crystals. 

Bort (boart or boort) consists of a number 
I of mdindual crystals with a radial grouping 
' around a common centre, giving nse to rounded 
extenor forms. These are sometimes quits 
I sphencal (“ shot-bort ” or '* balks ”) They 
' are usually rough on the exterior, it being only 
here that tbe fibres, or individual crystals, 
have been free to develop crystal faces — m ths 
intenor these 'have'latcrlered with each dtMf'f 
growth. Although each individual possesses the 
cleavage charactenstio of diamond, yet for tbe 
whole mass there is no continuous cleavage 
For this reason, bort ia tougher than the single 
crystals, which readily spht along the cleavage 
directions, and ia thus better adapted for bonog, 
tnimogand cuttmg tools. This, no doubt, is the 
explanation of the common statement that bort 
ts harder than diamond ; further, since in 
ciyatals the degree of hardness varies with the 
direction, a chance section of bort will present 
both maximum and minimum vaiues. The 
rounded pieces of bort are translucent to cloudy 
and opaque. They aro grey or black with s 
greasy to metaUic lustre, and, usually, a peculiar 
leaden appearance ; spgr. 3 50 In the trade 
the term bort also includea fragments (such is 
thow obtained by bruting), and all crystals and 
stones that are useless for gem purposes. Such 
material is of value as an abrasive. 
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Carhonado, or “ black diamond ” (known in 
the trade as “ carbon ” or “ carbonate ”), is a 
finely granular crystalline material, dull, black 
and opaque, and often more or less porous, with 
somewhat the appearance of coke. It forms 
irregularly shaped masses, and consists of a 
confused aggregate of minute oryital grains of 
diamond. It therefore presents no cleavage as 
a whole, and is consequently tougher and less 
frangible than single crystals. It is less pure 
than ordinary diamond, yielding more ash (up to 
4'8%) when burnt. An analysis of the ash 
gave FCjOs 53-3%, SiOa 33-1%, CaO 13-2%; 
MgO trace. The sp.gr. is less, 3'15-3-34 (the 
value for crystals being between the limits 
3-602-3'525). The largest known piece of 
carbonado was foimd in Bahia, Brazil, in 1895. 
It weighed 631-9 g., that is, slightly more 
than the famous “ CuUinan ” diamond (which 
weighed 621-2 g.). Both carbonado and 

bort show considerable variations in texture, 
and with increasing coarseness of grain they 
may pass insensibly into ordinary diamond. 

Occurrence. — India, from very remote times 
until the middle of the eighteenth century, was 
the only source of diamond (with the unim- 
portant exception of Borneo). Since the dis- 
covery of the Brazilian and South African 
deposits the output has gradually fallen off, 
the fluctuating annual output being returned as 
only 20 carats in 1916 and 2,480 carats in 1934. 
The secondary deposits have, however, only been 
worked by native methods, and the original 
deposits have not been isoovered. Indian 
diamonds being of the best gem-quality, there 
is thus a possibility of firrther developments. 
They occur associated with pebbles of jasper 
and vein-quartz in thin beds of conglomerate 
in the ancient sedimentary rocks (sandstones 
and shales) of the Vindhyan system (of pre- 
Cambrian age), which rest directly on the 
crystalline rooks. With the" weathering of 
these strata, the diamonds are accumulated 
in the alluvial deposits of the present rivers. 
The districts where mining has been done 
fall into three main groups : a southern group 
in the basins of the Peimar, Kistna and Godavari 
rivers in Hyderabad and Madras; an eastern 
group in the Mahandi and Brahmani valleys in 
Bihar and Orissa ; and a northern group between 
the Ken and Son rivers near Panna in Bundel- 
khand. A doubtful occurrence of diamond in 
pegmatite has been described from Wajra 
Kamr near Bellaiy ; and, unfortunately, 
nothing is known as to whence the diamonds 
found in the ancient sedimentary rocks were 
derived. (On Indian diamonds, v. Manual of the 
Geol. of India, vol. 3, Economic Geology, 1881, 
by V. Ball ; vol. 4, Mineralogy, 1887, by E. R. 
Mallet ; J. C. Brown, “ India’s Mineral Wealth,” 
1936). 

In Brazil, diamonds were discovered about 
1725 in the alluvial gold-washings at Tejuco 
(now Diamantina) in Minas Geraes ; and, 
although they have been since found in several 
other districts, notably in Bahia, this has 
remained the principal diamond-mining centre. 
Here, as in India, the diamond-bearing alluvial 
deposits have heen derived from conglomerates 
and sandstones (including the flexible sandstone 
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known as itacolumite) of considerable geological 
age (pre-Cambrian), and the original rook from 
whidi these were derived is not known. The 
Brazilian deposits are, however, remarkable for 
the variety of minerals found as well-worn 
pebbles (“ favas ”) in association -with the 
diamond ; and the nature of these minerals, or 
indicators, has led to the suggestion that they, 
together with the diamonds, originally came from 
quartz-veins. (On Brazilian diamonds, see E. 
Hussak, “ Os Satellites do Diamante,” Rio de 
Janeiro, 1917; H. Preston, J. Soc. Axts, 1909, 
58, 101 ; L. J. Moraes and D. Guimaraes, Ann, 
Acad. Brasil. Sci. 1930, 2, 153, and Econ. Geol. 

1931, 26, 502; C. W. Correns, Z. pr. Geol. 

1932, 40, 161, 177). 

In South Africa, diamonds were first dis- 
covered in 1867 near Hopetown on the Orange 
River. In 1868 the important workings (“ river 
diggings ”) on the Vaal River were commenced ; 
and in 1870-1871 the diamonds were traced to 
deposits of a unique type, in the neighbourhood 
of which the to-ivn of Kimberley in Griqualand 
West, Cape Province, very quickly sprang up. 
Here are situated the famous mines De Beers, 
Kimberley, Putoitspan, Bultfontein and Wes- 
selton. Other mines of the same type are the 
Jagersfonteiii and Kofiyfontein mines in Orange 
Free State, and the great Premier mine (dis- 
covered in 1002) near Pretoria in the Transvaal. 
The diamond-bearing rock of these mines fills 
volcanic pipes, 200-300 yards (in the case of the 
Premier mine half a niile) across, penetrating 
vertically the surrounding beds of basalt, shale 
diabase, and quartzite, and extending to un- 
kno\vn depths. The rook, known as kimberlite 
or locally as “ blue ground,” consists mainly of a 
hydrated magnesium silioate with much the 
same composition as serpentine. It contains 
boulders and broken fragments of various rocks 
(basalt, shale, sandstone, quartzite, granite, 
mica-schist, eclogite, etc.) and minerals (ilmenite, 
pyrope, enstatite, chrome-diposide, pyrite, etc.) 
and is of tho nature of a volcanic agglomerate. 
Diamond is present in this rock on an average 
of one part in fourteen millions (0-00008%), and 
in the richest part of the Kimberley mine one 
part in two millions. The diamond was brought 
I up from below ndth the igneous material, which 
must have been derived from a basic magma 
rich in olivine. Although the origin of diamond 
has been the subject of much discussion, there 
seems no reason to doubt but that it oiystaUised 
from this basic magma. The rare presence of 
diamonds embedded in boulders of eclogite (a 
garnet-pyroxene rook) found in the blue ground 
has led to the suggestion that this is the mother- 
rock ; but it is quite conceivable that the 
mineral crystallised from more than one kind 
of basic magma. 

The early open workings (“ dry diggings ”) 
at the Kimberley mines were soon replaced by 
a regular system of underground mining. The 
hard blue ground, when brought to the surface, 
was formerly spread out on extensive floors and 
exposed to the action of the weather for about 
a year, when it is crumbly enough to enable 
the heavy minerals to be separated by washing. 
The present method is to pass the rock directly 
through crushers and rollers. From the concen- 
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trat« the diamonds are separated b; means of & 
mechanical sorting table coated with, gcessa, 
to which the diamonds adhere, whilst the other 
minerals pass over. Pinally, the stones are 
cleaned by boiling in a solution of caustic soda 
and in aqua regia or hydrofluoric acid. 

hlany kimberhte pipes are found over a wide 
area in South Afnca. some extending abo into 
South-West Africa, Southern Rhodesia, Belgian 
Congo and Tanganyika Temtojyj but only a 
few of them hare proved to be productive. 
These pipes, of Cretaceous age, have no doubt 
supplied the diamonds found m the eand-dunea 
in South-West Africa, and the rich deposits 
found in 1937 and 1920 along the coast respec- 
tively south and north of the mouth of the 
Orange River. Rich alluvial deposits were' 
discovered in 1026 in the Lichtenburg district 
in south-western Transvaal, where the gravels of 
ansncientnversystemarenchestmdiamondsm 
large pot holes in the nnderlying dolomite rock. 
It IS possible, however, that some of these allu- 
vial diamonds may have been derived from rocks 
of much greater geological age, foe small green 
diamonds are occasionally found m the gold- 
bearing conglomerate (“banket") at Moddcr- 
fontein in the eastern Witwaterarand. In these 
rocks, of pre-Cambrian age, the diamond most 
have come from some earher source, of which no 
trace has yet been found. (On South Aihean 
diamonds, tet G. F. Williams, “ The Diamond 
Slines of South Afnca," 2nd ed , New York. 
1907 : P. A. Waroer, “ The Diamond Fields of 
Southern Afnca," Johannesburg, 1914; J. B 
Button, " Diamond— A Descriptive Treatise,” 
London, 1938: A. F. Williams, “ The Genesis of 
the Diamond," 2 vols , London. 1932). 

Since 1903 diamonds have been discovered in 
several other parts of Afnca. They have been 
fonsd in conglomerates of Tiiassio age near the 
borders of Belgian Congo and Portuguese Angola 
and extending northworda mta Fmach Equa- 
tonal Africa (E, Polmard, Ann. Soe. G^k 
Belg. Fubl. Congo Beige, 1929. 52, Ct79; 1934, 
67, C65 ; Bull. Acad. Roy, Belg. 1931. 17. 137). 
In West Afnca many small diamonds are found 
in alluvial deposits id the Gold Coast, a few in 
Liberia and Sierra Leone, and in 1934 a single 
fine crystal of 10 carats in Nortbem Nigena. 
ti. Tamj.on.'jika. TecW/acy a. lug,a kimibuhAA 
and the overlying gravel have been worked 
since 1921 at Jlab^, 35 miles S S.E. of Uwanzs 
on the south shore of Lake Victoria, Sewal 
kimberlite pipes were found in 1926 farther 
south near Shinyanga. Diamond is obo 
reported from Bagamoyo on the east coast 
opposite Zanzibar (E. 0. Tesle, GeoL Survey 
Tanganyika Temtory, 1931, Short Paper No. 9). 

Other diamond-prMucing countries of less 
importance ore Bntish Guiana, Borneo, and 
New South Wales. In the interior of Bntish 
Guiana many small diamonds are found together 
with gold in alluvial deposits along the Slozamoi 
and Potaro nveis. Finds of isolated crystals 
have been reported from Russian Lapland. 
Ural Monn tains, Bohemb. Chma, IVestem 
Australia, Briti^ Colombia, Veneznels, etc. 
In the northern portion of the Umted States 
single crystob are occosionoliy found in glacial 
deposits, which have no doubt been denred 


from some unknown source in Canada. At 
Muefreesboto in Arkansas some diamonds have 
been found in a serpentinised pendotite rock 
allied to kimberhte (K. D. Miser and C. 8. Ross, 
Ecoa. Geol. 1922, 17, 662). 

The pTodadion of diamond was at one time 
practically a monopoly of South Africa, and by 
hmiting the output and holding large stocks in 
reserve, prices have been artificially kept high. 
But now there are several competitors in other 
regions, though South Africa still accounts for 
more than half the world’s total production. 
In the following table U given the output for the 
best and worst years since 1914. , The total 
output in 1028 of 7,742,000 metric carats is 
equivalent to 1548-2 kg. or rather over 1} metric 
or long tons (S metric carats=<l g ), valued at 
£20,200,000. In 1936 and 1937 the production 
reached eight and nine million carats respec- 
tively. more than half in each year coming from 
Belgi^ Congo. 
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lOl* 

1022 

1928 

Onion of South 
Africa — 
llloes . . 
Alluvial . . 

South West Africa 
Oelglan Congo . 
Angola . . . 

Gold Coast . 
Southern Rbedeiia 
Tanganyika TerrJ 

Brauf' ■ . ! 
Btlllsh Guiana 
Borneo . . . 
India . . 
Australia 

2.727,658 

147,742 

23,877 

1.006 

13,716 

66 

1.580 

466,634 

203,025 

114,166 

260,292 

08,683 

6,636 

266 

163,640 

1,046 

171 

1,000 

2,251,649 

2,114,675 

603,1(2 

1,847,700 

237,611 

696,826 

64 

24,681 

41,863 

214,474 

667 

624 

23 

ToUl . . 

2,016,000 

1,337,000 

7,742,000 

* Figures not available. 


The presence of diamond in certain meleonM 
b of special interest. It was first observed Ln 
the stone which fell on September 4, 1666, near 
the viUage of Novo-Urei, Nizhni Novgorod, 
Russia. This stone is composed of olivme 

iron, troiLte, chromite, bbek carbonaceous 
matter, and about 1% of diamond, the last as 
minute greyish grains. Aa dull black grains it 
has abo b^n found in the meteoric stone of 
Carcote, CSuli. In several, though not in all, 
of the masses of meteoric iron from Caflon 
Diablo in Arizona it has been found as colourless 
crystob, and os black and colourless grams, the 
largest 1 mm. across. It is Mso recorded from 
the meteono iron of Magura, Czechoslovakia. 
The cubic form of graphite (cljtonite), probably 
a psoudomorph after diamond, has been found 
in tho meteoric irons of Youndegm (Western 
Australia), Bmithville (Tennessee), Crosby’s Creek 
(Tennessee), and hlagura ((^echoslovakis). 

Origin and Artificial Production— The 
reported occurrences of diamond in acid igneous 

xt^ksandinquartz-veinsaroverydoubtlu). On 

theother hand, its presence in basic igneous rocks 
u well established ; e g. m kimberhte and eclogite 
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in South Africa, in serpentiniaed peridotite in i was made to produce diamond at ordinary 


Arkansas, and in diabase in New South Wales ; 
whilst in meteoric stones the matrix is also of 
the same general character. In these cases the 
diamond is very probably present as a primary 
mineral, and one of the first constituents to 
crystallise out from the basic silicate magma. 
In addition, we have the occurrence of diamond 
in the nickel-iron of meteorites. This may be 
regarded, as a magma of a stiU more basic type, 
and it is thus probable that diamond may 
crystallise from basic magmas of widely varying 
composition. 

Many attempts have naturally been made to 
constrain the abundant element carbon to 
crystallise as the rare and valuable diamond. 
Considerable doubts have recently been ex- 
pressed as to whether diamond has ever been 
produced artificially (C. H. Desch, Nature, 1928, 
121, 799 ; F. Krauss, “ Synthetische Edelsteine,” 
Berlin, 1929; F. Stober, Chem. Erde, 1931, 6, 
440; B. Brauns, Zentr. Min. A., 1931, 218; 
M. K. Holfmarm, Fortschr. Min. Krist. Petr. 
1933, 18, 17). The alleged products have never 
been more than the minutest particles, and these 
have not been subjected to rigorous tests. The 
hardness test by scratching has been mainly 
relied on ; but many carbides have a high degree 
of hardness, and spinel, which may crystallise as 
colourless ootahedra, readily scratches quartz. 
The appearance under the microscope alone is 
not reliable, and no definite determinations 
appear to have been made of the refractive index, 
specific gravity, or X-ray diffraction patterns. 

The experiments of I. Friedlander (1898), and 
of E. von Hasslinger ^ 902-1 903), in which 
carbon was dissolved in molten magnesium 
silicate (olivine or kimberlite), bear some 
relation to the natural occurrences, but doubts 
have been expressed as to whether the micro- 
scopic crystals so obtained were really diamond. 
A method often tried is that first used by 
E. 8. Marsden (Proc. Boy. Soc. Edin. 1881, 
11, 20) and elaborated by Moissan (1893-1896 ; 
“ Le Four filectrique,” Paris, 1897 ; and “ The 
Electric Furnace,” London, 1904), in which 
carbon is dissolved in silver or iron at a high 
temperature and the mass suddenly cooled by 
immersion in water or lead. A contracting crust 
is so formed and the molten interior subjected to 
great pressure. Sir C. A. Parsons (Bakerian 
Lecture, Phil. Trans. 1919, A., 220, 67 ; 
J. Inst. Metals, 1918, 20, 6), from a Ipng series of 
experiments, however, concludes that pressure is 
not a necessary condition, and that the diamond 
had been formed from gases, probably carbon 
monoxide, occluded in the iron. E. de Boismenn 
(‘ Fabrication synthdtique du Diamant,” Paris, 
1913) states that he obtained crystals up to 2 mm. 
across by the electrolysis of fused calcium 
carbide. 0. Buff (Z. anorg. Chem. 1917, 99, 73), 
in a systematic repetition of the various methods, 
obtained negative results, except perhaps by 
Moissan’s method. 

L. Duparc and P. Kovaleff (Compt. rend. Soc. 
Phys. Nat. Hist. Genfeve, 1924, 41, 108), from a 
consideration of the equilibrium relations of 
diamond and graphite, conclude that the 
stability of diamond increases with pressure and 
dimmishes with temperature, and an attempt 
VoL. in.— 37 


temperature under very high pressure, as in 
Spring’s experiments. Carbon disulphide and 
a metal with a strong affinity for sulphur were 
subjected to a pressure of 8,000 atm. Dis- 
solving the metal in acid, there remained a 
minute residue of colourless irregular grains 
which were birefringent with high refraction 
and which readily scratched glass. After some 
days the particles became covered with an 
opaque crust and fell to a fine powder. The 
suggestion that diamond was formed in this 
experiment is clearly not substantiated. 

L. Sesta (Phil. Mag. 1929, 7, 488) repeated 
the experiments of M. La Bosa (1909-10). 
Using an intense intermittent electric arc he 
obtained from sugar-charcoal spherical particle.s 
and minute tetrahedra with curved faces, with 
3p.gr. >3-2, H. >9, which burnt in "oxygen, 
leaving no residue. M. K. Hoffmann (Zentr. 
Min. A, 1931, 214) found that a carbon electrode 
in liquid air with a current of 5,000 volts 3 aelded 
glittering particles which resisted acids, but as 
the refractive index was less than 1-74 they 
were not diamond. J. Basset (J. Phys. Eadium, 
1934, 5, 471) by reducing carbides and various 
carbon compounds with metallic oxides under 
high pressure and temperature obtained only 
graphite. 

Applications. — ^The value of diamond as a 
gem depends on its high degree of hardness 
enabling it to resist wear, and its high refractive 
and dispersive powers. These optical characters 
are, however, only brought into full play when 
the stone is faceted in a particular manner; 



Brilliant-cut. Koso-cut. 


and for this reason, old stones cut by Indian 
lapidaries have often been re-out. The form 
most suited for this purpose is the brilliant-out, 
and stones so cut are known as brilliants. The 
rose-cut, or rosette, is only used for quite small 
stones usually mounted in number as a surround. 
The accompanying figures show a briUiant 
viewed on the large front facet, or table, and a 
side-view ; and the rose-cut, viewed from above 
and the side. Being the hardest known material, 
diamond can only be worked very slowly and 
tediously with its own powder. The ground- 
form of the brilliant is approximately an octa- 
hedron, and this can be obtained, if necessary, 
by cleavage, or more safely by the modern 
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method of saxring with a thin metal disc chaiged | 
with diamond dust. The bnllaint is then, 
roughly shaped out by rubhiug two dtamondsi 
together — & process knoxm as bmtntg. The 
final grinding and polishing of the facets are' 
performed on a rapidly revolving cast'iroa disc 
fed with diamond dust and obve-oil. 

The large historical diamonds tnth their 
associations of mystery and romance are mostly 
of Indian origin ; but these arc now echpatd 
by the numerous much larger stones found in 
South Africa, The largest Indian stone still 
preserved is the “ Koh-i noor,” which was recent 
m England in 1852 as a bnlLant of lOG^V cerate ' 
{=21*786 g.l. The largest Braailian atone, the' 
“Star of the South,” found in 1853, weighed 
in the rough 254} “ carats," and when cot 125 
“ carats.” Thelargestknowncrystalofdiamond 
IS the “ Cullman," which was found in 1905 in 
the Premier mine, Transvaal This showed a 
large cleavage surface, and was only a portion, 
probably about half, of the complete crystal 
The portion aa found weighed 621 2 g. (3,106 
metnc carats, or nearly 1 lb 6 ozs. avourdupoia). 
Being too large to cut as a single stone, il 
was cleaved and cut as nine large gems (weigh, 
ing from 104 06 to 0 88 g ) and ninety-sii small 
brilliants, the yield of cut material amounting to 
34}%. iho “ Cullman, " although the largest 
ciystal, is not the largest piece of diamond that 
has hitherto been discovered A mass of carbon* 
ado weighing 631 9 g was found in 1895 in 
Bahia, Brazil. 

As an abrasive, diamond powder is the most' 
effective agent avaJable Itis the only matenal; 
with which diamond itself can be worked, and 
it la much used bv lapidaeiea Cor cutting other ' 
bard stones. A thin disc of soft iron barged 
on the edge with diamond powder is used for' 
sawing stones, both for ornamental purposes 
and in the preparation of thin microscope 
sections of rocks The small steel tools used by 
engravers of cameos and intagLoa, and also the 
steel points used for bonng precious stones, etc., 
are charged with diamond dust. The matenal 
used for abrasive purposes, though included 
m the trade under the term borl, consists 
of the waste mstena] from shaping the better, 
stones os bnUiants, and also tbc less clear and ' 
spotted crystals not suitable for cutting as 
gems. It IS crushed in a diamond-mortar, 
splinters suitable for other purposes being picked . 
out under a magnifying glass, and the remainder 
reduced to a fine powder. 

The glazier's diamond is a crystal or frag, 
ment bounded by two rounded cryatal-faces 
meeting in a cuned or cusperl cutting ^ge. 
For writing, drawing and engraving (eg. fine 
scales and rulings on glass, metal, stones, 
ivory, etc.) fine spbnters are used, or the 
diamond may be cut to & rounded point or' 
chisel-edge. Diamond pomts are aUo used for| 
drilling hard stones, glass, porcelm, teeth, etc. 

Carbonado and ^rt, by reason of their 

> This WM the old EngUah carst of 205 409 mg A 
Utrr value of the hnglUh carat, as defined by Che Hoard 
of Trade la ISSS and 1899. was ZOO 901 me The carat, 
wetsht has now been atsodsTdlaed lu mb coaatrics aa 
the meiri£ carat of 200 ms (5 carats — I g) ThU, 
t\t» been the (cual value oC itie carat lu tlie Urttblilsleaj 
alDCt- April J, IVU ' 


absence of cleavage, are much more suitable 
than ordinary diamond for mounting as small 
(ragmenta (2-3 carats m weight) as cutting 
tools which may be subjected to shocks. These 
are mounted in the crowns of rock drills, used 
m tnimelhng, mining, and sinking bore.holes for 
artesian wells, etc. ; and on the edges of blade, 
baud, circular, or wire saws for sawing large 
blocks of marble, granite, etc. Fragments, 
either in a rough form or fashioned to a suitable 
shape, are mounted as lathe toob for working 
atone, metal, etc. For example, for turning 
electric light carbons, the edges of watch-glasses, 
finishing accurate turning work of the hard 
atecl axles of instnimenta and machines of pre 
cision, bonng cannon, forming the sharp ei^ed 
fiirroivs on the gnndmg surfaces of millstones, 
for dressing emery wheels, etc. 

Small cleavage plates or fiat crystals of 
diamond drilled from each side with fine conical 
holes are used for drawing fine wire, doxvn to 
0 01 mm. in diameter. For the tantalum, 
tungsten and osmium filaments of electric 
lamps the metal is forced by pressure through 
the hole Bored diamonds are also used for the 
pivot supports of dehcate instruments, such as 
chronometeT®, electnc meters, etc 

The application of diamond for optical 
purposes is limited by the high cost and difficulty 
of working. Diamond lenses would need to 
have a much sLghter curvature than those of 
glass, and they would be immune from scratch. 
ing. hhcroscope objectives with such lenses 
were constructed by Pntebard under the direc* 
tion of C B. Gormg, in 1824-1826 A hemi. 
sphere of diamond would also mcrcase consider- 
ably the range and durability of refcactometers 

Ht/trtneu —In addition to the references 
quoted in the several sections above, the 
following are given os being of a more genets! 
character: M. Bauer, “ Edelsteinkunde," Leip- 
zig. 1890 — 3rd cd. by K. Scblosamacher, 
Leipzig, 1928-32 — Eng. transl (“Precious 
Slones”), by L. J. Spencer, London, 1904; C. 
llmtze, ” Handbuch der Mineralogie.'’ X^ipzig, 
1898, vol 1 . ; C. Doelter, “ Handbuch der 
Minendchemio,” Dresden and Leipzig, 1912, 
Tol L, Sir W. Crookes, “ Diamonds,” London, 
1909; Sir 11. A. Miers, “ Diamond," article in 
Encycl. Brit. 11th ed., 1910; E. Boutan, “Le 
Diamant,” Pans, 1886, E. W. Streeter, “The 
Great Diamonds of the World,” London, 1882; 
W. R. Cattelle, “ Tho Diamond,” London, 1911 ; 
F. Grodzuis^, “ Diamant-Werkaeuge ; Dar- 
stellung der Anwendung dcs Diamanten in 
Industne und Gewerbe," Berlin, 1936. 

L. J. S. 

o-OIANISlDINE,4 4'*diflmino-3 3'.dimetb. 
ozydiphenyl, colourless crystals, m.p. 135°, used 
aa an intermediate for direct cotton dyes. 

DIARSENOL. Canadian arsenical of 
the salvarsan type (J. Messner, Z. angew. 
Chem. 1917, 30, 49; Pharm. Monatsh. 1921, 2, 
19). 

©(ASPIRIN. Trade name foe the subsUnce 

called tuccinyldjsalioylic acid (OP. 19663J) 
probably identical with the sahcylyl succuuda 
ether ester of H. P, Kaufmann (Z. angew. Cbiin. 
1927, 40. 69) ; m p. 178°, antipyretic. 
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DIASPORE. A native hydrated alumina, 
AljOg-HjO or AIO(OH), crystallising in the 
orthorhombic system and isomorphous -with 
goethite and manganite. It is usually found as 
scales or foliated masses with a perfect cleavage 
in one direction on which the lustre is pearly; 
but it is readily distinguished from other foliated 
minerals (mica, etc.) by its much greater hard- 
ness (H. 6J-7). Sp.gr. 3-4. When heated 
before the blowpipe it decrepitates violently, 
breaking up into pearly white scales (hence the 
name diaspore, from Staorrelpeiv, to scatter). 
In colour, it is usually grey or yellowish-brown, 
but pale-violet crystals are also found. It is 
usuaUy found as an alteration product of 
corundum and emery, but occurs also as a 
mineral of contact-metamorphic origin in crystal- 
line limestones. It is of importance as a con- 
stituent of bauxite, and in a particular type of 
bauxite, called diasporiie, occurring in crystal- 
line limestone in the Bihar Mountains, Hungary, 
it constitutes the bulk of the material. 

L. J. S. 

DIASPORITE 1). Diaspoi. 

DIASTASE V. Amylase and Brewing. 

DIATOM ITE {Diatomaceous Earth, In- 
fnsorial Earth, Tripoliie or Tripoli ; Ger. Kiesd- 
guhr, Bergmehl). A form of opaline silica con- 
sisting of the siliceous remains of diatoms 
(Diatomaoese). These are unicellular, free- 
swimming plants belonging to the large group of 
Algse. The cep-wall, or frustule, of each minute 
individual consists of two shields or valves of 
siliceous material with elaborate and beautiful 
ornamentation. More than 10,000 species of 
diatoms have been described ; they vary 
considerably in form — fusiform, elliptical, dis- 
coidal, globular and aoioular. Material com- 
posed of individuals of the acioular form, the 
length of which varies from 0'093 to 0'156 mm. 
and the thickness 0-00166-0-00468 mm., is best 
suited for technical purposes, lliatoms multiply 
extremely rapidly and inhabit both fresh and 
salt water, being more abundant in cold latitudes. 
On death, their remains accumulate, under 
certain conditions, at the bottom of swamps, 
lakes or the open ocean. Besides being formed 
at the present day, such deposits are also 
met with in strata of Pleistocene and Tertiary 
age._ 

Diatomite is a loose, pulverulent material 
with a mealy or earthy texture, resembling soft 
chalk or dried clay in appearance. It is friable 
between the fingers with a harsh feel, and 
grates between the teeth. In colour it is white, 
firey, yellowish, brownish or greenish. It is 
very light, floating on water; sp.gr. of air- 
dried material 0-24 and of calcined 0-34. Its 
high degree of porosity depends on the fact 
that the shells of the diatoms are hollow. Good 
material absorbs four or five times its weight 
of water. Further, it is a bad conductor of 
heat, electricity and sound, and is resistant 
to heat and most chemicals. Of acids, only 
hydrofluoric attacks it, but it is slowly dissolved 
by a hot solution of caustic alkali. Chemically 
it consists of hydrated silioa, mixed rvith various 
impurities, such as sand, hydroxides of iron, 
clayey, calcareous and organic matter. 70-90% 
of SiOj may be present. 


Analysis 1 is of white material (dried at 105") 
from Auxillac, Cantal, Auvergne; II, of green 
material from Auxillac ; III, from Loch 
Cuithir (or Quire), Skye, Scotland; IT, from 
Richmond, Virginia ; and V. of tripolite from 
Bilin, Bohemia (including also SOj 0T2, P2OS 
0-24, NH^ 0-03). 



I. 

ir. 

III. 

IV. 

V. 


% 

% 

% 

% 

% 

SiOj . 

91-61 

88-66 

88-73 

76-86 

74-20 

TiOj . 

0-10 

0-18 

— 

— 

— 

AI2O3 . 

1-53 

2-16 

— 

9-88\ 

R.S1 

. 

2-22 

0-73 

0-67 

2-92/ 

0 Ox 

Cab . 

0-18 

0-26 

0-04 

0-29 

0-41 

MgO . 

0-29 

0-02 

-1 


— 

KjO . 

trace 

0-47 


1-63 

0-02 

NajO . 

trace 

0-44 

— J 


0-30 

HjO . 

2-33 

3-01 

6-40 

8-37 

13-30 

Organic 1 
matter J 

^ 1-74 

4-17 

4-16 

— 

4-20 


Tripolite (Ger. Tripel, Polierschiefer—pdliBh- 
ing shale) differs from diatomite in being more 
compact with a laminated structure and conse- 
quently less light (sp.gr. 1-86) and porous. It 
merely represents the same material of a greater 
geological (Tertiary) age. 

The most extensively worked deposits of 
typical diatomite (Kieselguhr) are those on the 
Ltineburger Heide (heath) in Hanover. Here 
beds with a thickness of 10-16 m. occur in 
basins in Pleistocene sands. The uppermost 
layers are white, below they are grey, and at 
the bottom of the deposit green. The green 
material contains from 15 to 30% of organic 
matter, sufficient for calcination without 
addition of fuel. A bed of 6-7 m. covered 
by Tertiary clay and basalt is worked at Vogels- 
berg near Altenschlirf in Hesse. Similar deposits 
of recent to Miocene age are also widely distri- 
buted in the volcanic region of central France 
(Departments of Cantal and Puy-de-Dome). 
Here the material is known as randannite and 
ceyssalite, from Bandanne and Ceyssat respec- 
tively ; and it is worked commercially under 
the name tellurine. (On the French and German 
deposits, see C. Schmidt, Ann. des Mines, Paris, 
1910, 17, 370). Deposits are met with in peat- 
bogs at several places in Scotland, and beds up to 
40 ft. in thickness of good quality material 
are worked at Loch Cuithir (or Quire) in the 
parish of KUmuir in Skye (W. I. Macadam, 
Min. Mag. 1884, 6, 87; 1886, 7, 30, 35; 
1889, 8, 135. Special Reports on the Mineral 
Resources of Great Britain, Mem. Geol. Survey, 
1916, 5). Similar deposits also occur in Co. 
Antrim (J. H. Pollok, Sci. Proc. Roy. Dublin 
Soc. 1899, 9, 33). Extensive deposits, many 
of them of Tertiary age, are of wide distribution 
in the United States, especially in CaUfomia 
(H. Ries, “ Economic Geology,” 6th ed.. New 
York, 1930). Other localities are Monte Amiata 
in Tuscany, Victoria, Norway, Denmark, 
Hungary, Algeria, Chile, etc. The typical tri- 
polite forms yeUowish-white bands 0-5-1-S m. 
thick in beds of clay, g3q)sum, and “ Saugschie- 
fer ” (absorbent shale) in a Tertiary basin near 
Bilin in Bohemia. 

In the preparation of the material for the 
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market, that of the purer white quality, after' 
beme dug out ftom open pits, is simply air- , 
drioef in the open or in sheds. Organio matter I 
is remored by calcination. Less pure material, 
containing sand, etc., is treated by washing and 
sedimentation. Iron is remored by the action 
of acids. 

The raried uses of diatomite depend on its 
peculiar properties of porosity, hghtaeea, non* 
condnctirity, resistance to heat and acids. It 
was used by the Greeks and Romans for making 
light fire-proof tiles ; and in the middle ages 
was mir^ with meal for bread, under the 
impression that it had a medicinal value. As 
an absorbent it has been much used with 
nitroglycerine for the manufacture of dynamite. 
The so-called dry sulphuno acid is prepared by 
saturating calcined diatomite with thr^ or four 
times its weight of *cid. Such material can be 
transported with little risk. Diatomite packed 
around carboys of acid will soak up leakage in 
case the vessels become cracked. It has also 
been used as an absorbent of hromine, dis 
infcctants and liquid manures. On account 
of its non-conduetire properties it is used, 
sometimes with asbestos, as a Lght packing 
matenal for boilers, eteam-pipes, cooking 
stores, safes, refrigerators and refngerating 
apparatus, fire proof and sound proof floors 
and partitions ot buildings, bulkheads of ships 
etc. Mixed with clay, lime, sawdust, etc., it 
ran be used in the manufacture of fir^roof 
bricks and tiles; and haring a low coefficient 
of expansion such material is epcciaUy adapted 
for making tubes, models, etc It is used m 
the manufacture of various cements and artificial 
stones. Mixed with magnesia cement it gives 
a fire-pioof cement for stoves ; with shellac, 
sealing-wax and gramophone records ore made. 
It Is ^0 used as a filtering matenal for liquids 
and gases ; and various liquids (wine, beer, 
acids, oil, syrups) can be clarified by stirring 
with 1% of diatomite and allowing to settle. 
As a filler it is employed in the manufacture 
of rubber, cotton fabrics, paints, safety matches, 
paper, papier-mSchfe, soap, acounng-powdeitB, 
tooth-powders, etc. Pused with cafcium and 
magnesium borates it yields a rion cracking 
glass for glazes and enamels, which can also 
be used for painting on glass. As a source of 
silica, it IS used in the preparation of eodium 
silicate, ^tramanne, smalt, etc. Finally, as 
an abrasive (?.v.} it, particularly the tripoLle 
variety, is used for polishing metals and stoves. 
(Ref, B. Dammer and O. Tietze, " Die Nutzbareo 
Klmeralien," Stuttgart, 1013, i ; "Diatomaceous 
Earth," Imp. Inst. London, 1028.) 

L. J. S. 

DIA21NES V . Aiijies. 

DIAZO- COMPOUNDS. These organic 
substances, like the azo- compounds, contain the 
characteristic group — N, — , but whereas in the 
latter series this bivalent radical is invariably 
attached to two carbon atoms, C-N^-C, in the 
former it is generally, although not invariably, 
combing with only one carbon atom, the other 
valency being satisfied by : (1) an electro negative 
ion Ac in the diazonium salts C-N^-Ac ; (2) an 
oxygen atom in the iiazo\ydrozidt» ("i/kuo- 
hydraUi “) C-N,-OH and diato-oxides (“ diato- 


UUa") C-Nj-OR; (3) a nitrogen atom in 
dtazoamima (dtazoamino- compounds) 

CN,-NHR 

and diazoimint^ (atimino-compounds), which 
when derived &om ortAo-diamines have a cyclic 
configuration C-N,-NH-C, whereas those from 
para-diaminea are sometimes given a quinonoid 
structure N,:CC:NH; (4) a sulphur atom in 
diatosulphonaUs C-N,-SO,K, and dUuosvl- 
phtdez C-N,-S-N,-C. 

The diazocyaniats C-Nj-CN contain the azo- 
group attached to two carbon atoms, one of 
which belongs to a cyanogen group, and these 
compounds which, in general, are distinctly 
coloured, form an intermediate group between 
I the foregoing diazo- derivatives and tho azo- 
compAunds. 

Ceirtain aliphatic diazo- compounds (v. tnfra) 
contain the group — Nj — attached by two 
principal valencies to tho samo carbon atom. 

I. Diazonium Salts, 

These diazo derivatives are generally, but 
not exclusively, prepared from aromatic amines, 
and the process, which is termed diazotisaticn, U 
earned out with the undissocmtod salt of the 
amine, and not with tho free base In a hydro- 
lysing solvent like water, it is therefore custo 
mary to diazotise anibne and its denvatirri 
with sodium nitrite (I mol ) and excess (2} to 3 
equivalonU) of mineral acid. 

Theacientifioand technical utihly of the diazn 
reaction depends on the ease and rapidity with 
which three hydrogen atoms of the salt of an 
aromatic primary amine are replaced by 
nitrogen from nitrons acid to form the corre- 
sponorng diazonium salt : 

ArNH,Cl+HONO»ArN,CI-f2H,0 

Abomaho Diazonium Salts. 

The diazotisation of tho bciuenoid and 
naphtbaleooid amines za frequently carried out 
oo a luanuiacturing scale owing to the employ- 
ment of aromatic diazonium salts in the pro- 
duction of azo- colouring matters. During the 
first decade>of the present century more than 
1,000 tons of para nitranibne were diazotised 
annually in tho production of " para-nitramlmo 
red.” Sinoo 1920 this diazonium salt has been 
partly replaced byother diazo- derivatives which 
give azo-pigments faster to light, chlorine, and 
kier boiling. 

The aromatic base is dissolved in dJuto 
bydrocfalorio or sulphuric acid (3 equivalents m 
10-20% aqueous solution) and the Bolution 
treated with an equivalent quantity (1 mol ] 
of sodium nitrite in 10-20% solution. The 
diazotisation is completed when the liquid con- 
taiDS a slight excess of nitrous acid as indicated 
by atarch and iodide paper. 

With amlino and its homologues, the tem- 
perature of the diazo- solution is gcnersl!/ 
maintained at 0-6" to prevent, so fat as possible, 
the decomposition of the unstable djszonium 
salt, but in other cases, ey. the nitrsniiinesi 
naphthylamines, benzidine and other diphenyl 
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bases, the diazotisation is carried out most 
readily at 10°. The aminoanthraquinones are 
diazotised at 30-40° (Schaarsohmidt, Ber. 1916, 
49, 2678). 

In aloohoh’c or acetic acid solution, diazotisa- 
tion can be effected on the salt of the amine 
without using an excess of acid, and ethyl or 
amyl nitrite may, with advantage, be substituted 
for sodium nitrite. Gaseous methyl nitrite 
which has been employed in certain diazotisations 
(J.C.S. 1913, 103, 1398), is very readily prepared 
and is a cleaner reagent than amyl nitrite. 

VThen treated with sodium nitrite, aniline 
hydrochloride in presence of excess of cold 
hydrochloric acid yields benzenediazonium 
chloride, whereas in absence of this excess of acid 
it furnishes diazoaminobenzene. 

A product antecedent to either of these 
diazo- derivatives has been detected by Earl 
and Hall (J. Proc. Eoy. Soc., New South Wales, 
1933, 66, 455), who added 1 mol. of a nilin e 
hydrochloride in 40% aqueous solution at —8° 
to about 1-5 mols. of sodium nitrite in 50% 
aqueous solution covered with ether and cooM 
to —15°. A white precipitate separated and 
dissolved forthwith in the organic solvent. This 
ethereal solution was dri^ over anhydrous 
sodium sulphate and the ether removed under 
reduced pressure, when a mass of white needles 
separated consisting of anilim nitrile, 

CgH5-NHj,HN02 

(yield about 60%). This salt becomes yellow at 
room temperature, and its aqueous solution 
rapidly deposits diazoaminobenzene. 

Benzenediazonium chloride, CjHs-NjCI, 
the simplest example of an aromatic diazonium 
salt, is prepared by adding the calculated quan- 
tity of amyl nitrite to aniline hydrochloride 
suspended in glacial acetic acid at 10° ; it is pre- 
cipitated from the clear solution thus obtained 
by the addition of ether. 

Benzenediazonium sulphate, 

CgHg-Nji-HSOg. 

is prepared in a similar manner from aniline 
sulphate suspended in glacial acetic acid, the 
precipitation being effected with alcohol and 
ether. 

Benzenediazonium nitrate, 

CgHg-Nj-NO,, 

which was first precipitated from aqueous solu- 
tion by ether and alcohol (Griess, Annalen, 1866. 
137, 39), can also be produced in alcoholic or 
glacial acetic acid solution (Knoevenagel, Ber. 
1890, 23, 2995 ; Bamberger, ibid. 1896, 29, 446 ; 
Hirsch, ibid. 1897, 30, 92; Hantzsch and 
Jochem, ibid. 1901, 34, 3337). 

Diazonium salts have been obtained with a 
large variety of anions : ^lalinichlorides, auri- 
chlorides, slannicUoridcs, ferricyanides, nitro- 
P^siates (Ber. 1879, 12. 2119 ; 1885, 18, 965), 
chromates (Jahreaberichte, 1867, 915; J.C.S. 
1905, 87, 1), carbonates and nitrites {ibid. 1905, 
87, 921), fluorides (Ber. 1903, 38, 2059), per- 
Morales {ibid. 1906, 39, 2713, 3146), picrales 
(J.C.S. 1907, 91, 1316), azides {ibid. 1910, 
97, 1697; Ber. 1903, 36, 2056), thiosulphates. 


tungstates (J. Soc. Dyers and Col. 1901, 17,. 279), 
thioaeetates (Monatsh. 1907, 28, 247), boro- 
fluorides (G.P. 281055) {v. Vol. II, p. i3),phospho- 
molybdates and tungstates (J.C.S. 1909, 95, 1319), 
arylsulphinates (Ber. 1911, 44, 1415), zinci- 
chlorides, Rev. Gdn. Mat. Col. 1914, 18, 4). 

The zincichlorides are frequently used for 
stabilising diazo- compounds. Diam'sidine 
hydrochloride is bisdiazotised in acid solution to 
which zinc chloride is added, when the crystalline 
double zinc salt (IVIeOC6H3-N2CI)2ZnClj 
separates. A stabilised diazo- mixture is pro- 
duced by mixing this zincichloride with partially 
dehydrated aluminium sulphate or sodium 
naphthalene tetrasulphonato and drying at 
40° to 50° (B.P. 238676). 4-Amino(hphenyl- 
amine and its derivatives give stable diazonium 
zincichlorides and the technical product 
variamine blue salt is of this type. 

Diazonium chlorides added to a hydrochloric 
acid solution of leadtetrachloride furnish a yellow 
crystalline precipitate diazonium plumbichloride, 

(ArN2)2[PbClg], 

which on heating with alcohol gives the chloro- 
derivative ArCI (Chattaway, Garton and 
Parkes, J.C.S. 1924, 125, 1981). 

All diazonium salts are endothermic com- 
pounds and are liable to explode in the dry state 
(Berthelot end Vieille, Compt. rend. 1881, 92, 
1076 ; Sventoslavsky, Ber. 1910, 43, 1497) and in 
some cases the explosion point has been deter- 
mined (Ber. 1899, 32, 1691; 1900, 33, 527). 
The diazonium ehromates and perchlorates 
decompose with considerable violence, and the 
former have been suggested as explosives (BuU. 
Soc. chim. 1867, ii, 7, 270; F.P. 73286). 

Bisdiazonium salts {Tetrazo- salts). These 
compounds are produced from aromatic di- 
amines. 

When the two amino- groups are in the same 
aromatic nucleus, complete diazotisation is 
effected only with some difficulty. Meta- 
phenylenediamine hydrochloride and sodium 
nitrite furnish the azo. colouring matters 
included under the term “ Bismarck brown ” 
(Ber. 1897, 30, 2111, 2899 ; 1900, 33, 2116), but 
when a solution of the base in excess of hydro- 
chloric acid is added quickly to a large excess of 
well-cooled aqueous nitrous acid, complete diazo- 
tisation takes place and benzene-m-bisdiazonium 
chloride, CgHgtNj’ClJj,^ produced. When the 
nitrite is added quickly to the diamine hydro- 
chloride, nitroso-jn-phenylenediamine results. 
Para-phenylenediamine hydrochloride, when di- 
azotised in the usual way, gives a mixture oi 
diazonium and bisdiazonium chlorides, but when 
the hydrochloride is added to excess of nitrous 
acid, benzene-p-bisdiazcmium chloride is obtained. 

Schoutissen (J. Amer. Chem. Soc. 1935, 55, 
4535) has obtained evidence of the diazotisabUity 
of o-phenylenediamine by treating the diamhie 
in sulphuric acid withnitrosylsulphuric acid and 
phosphoric acid, for he obtained a small yield of 
o-diiodobenzene on adding potassium iodide. 
Hodgson and Walker have bisdiazotised all 
three phenylenediamines by adding the glacial 
acetic acid solutions to nitrosyl sulphuric acid. 
On applying the Sandmeyer reaction they ob- 
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t&inwi &oin o phenjjenediatnine & 10% yidd oT ' 
o-djchlorobenzeoe (J.C.S 1935,630). 

In the naphthalene senes, 1 4'Daphthylene- 
diamine ia diaiotised ■with difficolty, o-wing to its ' 
oxidisability, but ui producing its ezo- denva* 
tivea this difficulty Is surmounted by vorlung 
with its tQonoacyl- derivatives and diazotising 
in two stages with an mtcrrening hydrolysis 
(B.P. 18783, 1891). The heteronucleal naphthy* 
lenediaminee, excepting the 1:8' compound, can 
be completely diazotised, yielding tiapilkaUne- 
li$diazoniTim satis (Ewer and Pick, G.P. 45M9. 
45788; Badiache Anihn und Soda Fabnk, 
G P. 130475; Morgan and Micklethwait, J.CS. 
1910, 97, 3558). Benzidine, tolidine, dianisidme, 
and other similar heteronuclear diamines of the 
dipbenyl and ditolyl senes are readily diazotised, 
furnishing bisdiazonium salts (e g. dtpktnyU 
btjdiazoniu7ncMoride,Ct Nj C«H4 N. Cl), 
which are employed in the manufacture of sub- 
stantive azo- dyes. 

The upper limit of diazotisahility in the 
benzene senes haa been determined by a study of 
tnaminomesitylene (I), which when treated 
with iiitToayl sulphate in strong aulphurio aad 
gives indazole derivatives. However, diazo- 
tisation of this triamuio was successfully 
effected in aqueoua hydrochloric acid, when even 
with a large excess of acid and nitrite only two 
of the three ammo groups became diazotised 
concurrently, and this twofold diazotisation was ' 
demonstrated by isolation of aminororsitylene* 
bisdiazomum aunchionde (II) and ammomes^- 1 
lene bisazoimide (bis-tnaiomesidme 111). The' 
latter compound was produced by addmg eodium 
azide to the diazo* eolution. I 


NH, 



NH^\n,CI(ocAuCU) 
N,C1 (or AuCl,) 

ir. 


Me 

Mno, 

Mel Jmg HN, 


Me 

Mel Jmc 


IV. 


III. 


The non*diazotiaahility of the third amino- 
group is not due to steric hindrance, for when I 
the bisdiazonium radicals have been rei^aced' 
by two tnazo groups the resulting bistriazo-i 
mesldine can still bo diazotised, and on further I 
treatment with sodium azide ita diazonjum salt' 


gives tristriaiomesitylene (IV), & compound 
having the remarkable molecular formula 
, which suggests a polymeride of prussic 
atad, although this coincidence is merely 
numerical and not chemical (Morgan and Davies, 
J.CS. 1923, 123, 228). 

In an analytical study of the titration of 
aromatic ammes by the diazo* reaction it was 
found that I‘3 S.tnaminobcnzeno in hydro- 
cblono acid solution gave figures corresponding 
with threefold diazotisation ; 2.4 G-tnamino* 
chlorobenzene was completely diazotised only in 
aledhohe solution (Phillips and Lowy, Ind. 
Eng, Chem, [Anal.], 1937, 29, 381). 

Velocity ov DtiZOTiSATtON. — Under tho 
usual experimental conditions, diazotisation 
proceeds with great rapidity, but in A'/IOOO 
solutions, the velocity of this reaction has been 
determined by a colonmetrie method for eatimat. 
mg the free nitrous acid. The reaction is of tho 
second order, and the values of the constant 


p toluiduie, and 0 041 for m.xylidine, with one 
molecular proportion of free acid at O’. At 
higher temperatures the rats is increased 
(Uantzsch and Scbilmann, Ber 1899, 32, 
1091; 1900, 33, 527; TassiUy, Compt rend. 
1913, 157, 1148; 1914, 158, 335. 489). Both 
colonmetnc and electrolytio determinations of 
the velocity of diazotisation show that, in the 
absence of disturbing influences, all the aromatic 
amines arc diazotisM at the same rate 

Altebnative Methods or PsoDCCiifo Aso* 
uatio DiAzoiaDM Salts — A^ifrosyl chlorxdt or 
bromide baa been suggested as a diazotising 
agent (Tilden and MiBar. Chem. Soo. Froc. 1891. 
59; I^tle and Keiser, Amer- Chem. J. 1695, 
17, 91). Nitrosyl sulphate has been used with 
advantage (FaWt and Qtrard, D.It.F. 0034; 
Ber 1870, 12,365; Morgan and Micklethwait, 
J C.S 1910, 97, 2558). This reagent or sodium 
nitnte dissolved in concentrated sulphuric acid ia 
employed in diazotising slightly basio amines 
(Morgan and Evens, J.CS. 1919, 116, 1130; 
c/. J. pr. Chem. 1006, [u), 74, 275). Barium 
mlnie, when employed in conjunction with 
sulphuric acid, furnishes diazo- solutions free 
from inoigonic salts (Witt, Ber. 1003, 36, 4383). 
The last-named investigator haa brought 
forward an interesting process which consists m 
dissolving the baso in cold concentrated mine 
oeiJ and adding the calculated amount of 
potassium melabisulphtle required to produce 
Bufficient nitrous acid for the diazotisation (Ber. 
1909, 42, 2953). 

For unsubstituted aromatic amines the direct 
method of diazotisation by adding nitritb tu 
the cold acid solutions is generally efficacious, 
but for amines containing nitro-, carboxyl-, or 
sulphonto groups the inverted method of 
mixing the amine with nitrite and running 
this i^tnre m cold acid is preferable. Highly 
substituted amines, such as 4 chloro 2 6- 
dimtranihnc and picramide (2 4 6-tnmtroaniline) 
are dissolved m glacial acetic acid and treated 
with nitrosylsulphuric acid (Misslm, Htlv. 
Chiia Acta, 1020, 3, 020; Bl.ingcy, ii<“. 
1025, 8, 780). Sehoutissen dissolved highly 
substituted bases m sulphuric acid and added a 
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solution of nitrosyl sulphuric acid in the same 
acid. Diazotisation was promoted by diluting 
the solution with phosphoric acid (sp.gr. 1'70) 
at 0° (J. Amer. Chem. Soc. 1933, 55, 4631 ; 
Eec. trav. chim. 1936, 54, 97). Similar methods 
are used to diazotise amines of the anthraquinone 
series (J. pr. Chem. 1906, [ii], 74, 275 ; Ber. 1904, 
37, 4185). 

In the diazotisation of 2:4-dinitro-a-naphthyl- 
amine the process is usually attended by the 
elimination of the ortho-mtxo- group, and a 
similar change occurs in the case of certain dini- 
troanilines. In order to avoid this formation of 
diazo- oxides it is suggested to diazotise such 
feeble bases in cold acetic acid with a solution of 
sodium nitrite in concentrated sulphuric acid. 
Even 2:4:6-trinitroaniline (picramide) can be 
diazotised by this process. 

This mode of diazotisation may also be 
employed in converting 2;4;6-trinitro-m-pheny- 
lenediamine into its bisdiazonium salt (Misslin, 
Helv. Chim. Acta, 1920, 3, 626; Meyer and 
Toohtermann, Ber. 1921, 54, [B], 2283). 

Diazonium bromides are formed by the inter- 
action of hydrazines and diazonium perbromides 

2R-N2Br3-l-RN2H3=3R-N2-Br-f3HBr 

(Chattaway, J.C.S. 1908, 93, 958). An electro- 
lytic process for the production of diazonium 
salts has been patented (Boehringer & Sons, 
D.R.P. 152926, and B.P. 2608 of 1904). 

Diazonium salts can also be prepared from 
compounds not containing amino- groups ; 
mercury diphenyl and nitrous fumes give 
benzenediazonium nitrate (Ber. 1897, 30, 509), 
and the same salt is produced from nitroso- 
benzene and nitric oxide in chloroform solution 
libid. 1898, 31, 1528). 

Aniline nitrate is transformed into benzene 
diazonium chloride by zinc and hydrochloric 
acid (M6hlau, Ber. 1883, 16, 3080) or by titanous 
chloride (Knecht, J.C.S. 1924, 125, 1537). 

Certain complex or highly substituted amines 
resist diazotisation unless treated under pressure 
(D.R.P. 143450) or with excess of nitrous and 
mineral acids (Annalen, 1873, 165, 187 ; 1891, 
260,224; Ber. 1900, 33, 620). 

(For indirect methods of forming diazonium 
salts, V. Annalen, 1879, 199, 320; 1888, 243, 
282; 1892,270,116; Ber. 1893, 26, 2190 ; 1899, 
32, 1809; 1900, 33, 1718; J. pr. Chem. 1896, 
[ii], 54, 496 ; Gazzetta, 1900, 30, 1626 ; Bull. 
Soc. chim. 1891, [iii], 6, 94.) 

Fuming nitric acid revetses the coupling pro- 
cess and regenerates the diazonium salt from its 
azo- derivatives (Meldola, J.C.S. 1889, 55, 608; 
1894, 65, 841 ; 0. Schmidt, Ber. 1905, 38, 
3201). Diazonium chlorides are regenerated 
from azo-dyes by decomposing the latter with 
chlorine or hypochlorous acid (J. pr. Chem. 
1912, [ii], 85, 325. 

Reactions of Akomatic Diazonium Salts. 

In addition to their power of coupling with 
phenols, aromatic amines and their sulphonic 
acids to form the technically important azo- 
colouring matters, the diazonium salts are 
synthetical agents of the greatest value, and the 


following is a synopsis of the principal reactions 
in which they take part : 

1. Decomposition of Diazonium Salts 
by Water. 

(o. Ber. 1874, 7, 1061; 1894, 17, 2704; 
1899, 32, 1773 ; 1890, 23, 3635 ; 1902, 35, 89 ; 
J. pr. Chem. 1881, [ii], 24, 476 ; J.C.S. 1902, 81, 
77; 1903,83,688; 1905,87,5; 1906, 89, 19). 

The decomposition of soluble diazonium salts 
by water is a nnimolecular reaction, and is 
represented by the well-known equation : 


The relative stability of the diazonium salts 
is ascertained by comparing the values of the 
constant h for a given temperature. The most 
successful method of making this determination 
consists in heating solutions of the diazo- com- 
pounds at a fixed temperature, and measuring 
the rate at which nitrogen is evolved. 

These quantitative decompositions show that 
the diazonium salts from aniline and ortho- 
and meto-toluidine are among the least stable 
of the series, whereas considerably greater 
stability is exhibited by the diazotised nitrani- 
lines and the diazonium sulphonates derived 
from the benzenoid and naphthalenoid amine- 
sulphonic acids. 

The rate of decomposition of diazo- com- 
pounds increases with the temperature and in 
accordance with Arrhenius’s formula for the 
temperature coefiicient (v. Chemical Affinity, 
Vol. II, p. 532) 


•'’s® fcj-R \TrTj 


The rate of decomposition is independent of 
the quantity of mineral acid present, and equiva- 
lent solutions of benzenediazonium chloride, 
bromide, sulphate, nitrate, and oxalate decom- 
pose with the same velocity ; this change is, 
however, accelerated by colloidal platinum or 
silver, owing to catalytic action (Hantzsch, Ber. 
1900, 33, 2517; Hausser and Muller, BuU. Soc. 
chim. 1892, [iii], 7, 721 ; 1893, 9, 353 ; Compt. 
rend. 1892, 114, 549, 669, 760, 1438 ; Schwalbe, 
Z. Farb. Ind. 1905, 4, 433 ; Ber. 1905, 38, 
2196, 3071; 1909, 42, 196; Cain, J.C.S. 1902, 
81, 1412; 1903, 83, 206, 470; 1905, 38, 2511 ; 
Euler, Annalen, 1902, 325, 292 ; Veley and Cain, 
Trans. Faraday Soc. 1909, 5, 1). 

In general, the decomposition of a diazonium 
salt by water leads to the formation of a phenol : 


R-N 2 HS 04 +H 20 = R 0 H+H 2 S 04 -(-Na 


The sulphate is the best salt to employ in 
this reaction, because the chloride and nitrate 
are apt to lead respectively to alternative or 
secondary changes. Benzenediazonium sul- 
phate and its homologues furnish phenol and 
the cresols and xylenols ; diphenyl-4;4'-bis- 
diazonium sulphate gives rise to 4:4'-dihydroxy- 
diphenyl. Aurin is similarly obtained from 
diazotised rosaniline (Annalen, 1878, 194, 306). 

In certain cases, more especially in the 
naphthalene series, the product is contaminated 
hy azo- compounds, resulting from the coupling 
of the hydroxy- derivative with a portion of the 
still undecomposed diazonium salt (J.C.S. 
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1D03, 83, 221). To obviate this diflScnlty, 
po far aa po’istble, excess of acid is used in the 
decomposition. The manufacture of the a- 
naphtholsulphonio acids (e g. OH : SOjHx^I : 4 
and 1 ; 8] from the corresponding a-oapbthjrl* 
ammesulphonic acids furnishes typical exaraplea 
of the techmcal application of the process. 
When the phenobc product is ToIatiJe in steam, 
the normal change is facilitated by operating with 
solutions boiling above 100®. A good yield of 
guaiacol is obtained by adding the diaio* salt of 
ortho anisidine to a mutnre of sodium solpbate 
and dilute solpbnric and boding at 135-145®, 
the volatile product being removed at tho 
moment of formation (Kalle & Co , B.P. '7233 of 
1897 ; ef. Annalea. 1889, 253, 281 ; Ber. 1874, 
7, 1008 ; D.B.P. 167211 ; J.C S. 1906, 89. 19 ; 
ef. WilUtItter and Schndel, Ber. 1918, 51, 782). 

Secondary reactions occur even in the sim. 
plest cases where the boiling is protracted (Ber. 
1890, 23, 3705), end in many instances, owing 
to the great stability of the diazo> compound, 
not a trace of the hydroxy- derivative can be 
isolated (Amer. Chem. J. 1889, 11, 310, Cam, 
J C.6. 1003. 83, 688). 

(For other exceptional decompositions of 
diazo- compounds by water, w. Ber 1874,7, 1061 , 
1884, 17, 2704; 1899, 32. 1773; 1902,25,89, 
J.C.8. 1896, 69, 1327 5 1902,81,77; 1905,87,6, 
1906, 89, 19). 

The diazo compounds are very sensitive to 
bgbt, which iAdueae the phenolic decomposition 
even in certain cases where the action of hot 
watet or atida is very abght (J.C.6. 1907, 91, 
35; Compt. rend. 1881, 92, 1074 : Ber. 1890, 
23,3131; 1901,34.1669; D R.F. 6345S, 56606 , 
J.8.C.1. 1890, 9, 1001). 

2, Decomposition of Dlazonlum Salts by 
Alcohols. 

The reaction between diazonium salts and 
alcohols may proceed in two different ways : 

1. R-N,X-bC,H.-OH 

-R-H4-CH,CHO+N,+HX 

2. R NtX+C,HjOH-R O CjH^-pNj+HX 

The former of these changes was onginatly re- 
garded as the general reaction, but more recent 
researches have shown that the second is the 
normal change. The factors detennining the 
course of the reaction are, howevee, numerous 
and complicated, involvmg (1) the nature of the 
alcohol; (2) the ir^ueoce of eubsUtuents in the 
diazonium salt ; (3) the pressure and tempera- 
ture at which the decomposition is affected. 

The tendency to replace the diazo- group by 
hydrogen incitaaes wilb the molecular weignt of 
the alcohol employed. Benzenediazoaium chlor- 
ide or sulphate and methyl alcohol give anisole 
exclusively. With ethyl alcohol, these salts 
yield cbie&y pbenetolc, but benzene is also pro- 
duced. The diazonium sulphates from p eUoro- 
and p-bromo aniline furnish only p-chloro- and 
p-bromo-benzeoe with ethyl alcohol, but withj 
methyl alcohol they give rise mainly io the 
methyl ethers of p-ebJoro- and p bromo-pbenol 
(Amcr. Chem. J. 1898, 20, 229; ef. Annalen, 
1871, 159. 101; Ber. 1901, 34, 3337; 1003. 86, 
2061; Amer. Chem. J. 1893, 15, 518; 1897,19, 
531.647.561). 


Tho diazo- salts of the simpler amines 
(aniline and its homologues) react chieSy in the 
direction indicated by the second of the fore- 
going equations, and yield mixed ethers, but the 
presence of acid substituents 

(Cl, Br, NOj. CO,H. NH SO,R) 
favours the predominance of tho first change. 
The nitranUioes (orUo-, mela-, and paro-) give 
respectively 67,51, and 40% of nitrobenzene, 
the 1:2-, 2:1-, and l-i-nitronaphthylataines 
furnish the corresponding nitronaphtbalenes, 
whereas a- and 8 naphthylaminea yceld a- and 
p ethozynaphthalenes (Remsen and others, Ber. 
1885, 18, 65; Amer, Chem. J. 1880, 8. 243; 
1887,0, 587; 1891, 13, 153; 1892, 14, 15). 

The yield of all^l ether increases with rise 
of pressure, but the addition of zinc-dust or an 
alkali (sodium hydroxide or ethoxidc, potassium 
carbonate) inhibits almost entirely the forma- 
tion of mixed ether and leads to the substitution 
of the diazo group by hydrogen (Amer. Chem. J. 
1893, 15, 105, 301, 320. 379; 1894, 16. 235; 
1895. 17. 454; 1897. 19. 163, 531; 1893. 20, 
298; 1904,31,119) 

The aimoltaneous elimination of two diazonium 
groups by the redncing action of etbyl alcohol 
has been sppbed successfully to a senes of 
heterocyclic diamines, the diamino-rycii(! IsS- 
diax^inee, of which the following base (formula 
I) 15 the simplest example. This diamine and its 
analogues are diaxotised by Schoutisecs's method 
with nitrosyl sulphune acid in concentrated 
phospbonc and and after dilution the soluble 
bisdiazoninm salt is reduced in solution by 
boiUng alcohol. The resulting cyclic 1 3-diuu< 
me (formula 11) is extracted with ether (Morgan 
and Stewart, d.C.8. 1038. 1202). 



3. Replacement of the Diazo- Group by 
Hydrogen. 

In addition to tho action of alcohol, the 
diazo- group can be eliminated hy the use of a 
variety of reducing agents : 

(i) The diaxonium salt is reduced to the corre- 
sponding hydraziM and the hydrftzmo- gronp 
NH-NH. removed by boiling with eop^ 
tuJphale (Baeycr and Pfitzinger, I^r. 1887, 18, 90, 

J -ii. 

(u) Reduction of tho diazo- compound 
aliaiiw todium $tnnnUe (FriedlSnder, Ber. 1989, 
22,687). 

(lit) By various other redadng ogenu. 
tIannOHt formate (Ber. 1885, 18, 357; J. pr- 
Chem. 1889, fii], 40. 97). hjpophoephorout oM 
(Ber. 1902, 35, 10-’). sodium hyponilphite [ibui. 
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1907, 40, 858), formic acid and copper powder 
{ibid. 1890, 23, 1632), aluminium powder in 
alcohol (Morgan and Evens, l.c.). 

4. Replacement of the Diazo- Group by 
Halogen, Cyanide, Cyanate, and Thio- 
cyanate Radicals. 

Fluorine may be introduced into the aromatic 
nucleus in place of the diazo- group by treating 
the diazonium salt with hydrofluoric acid. 
Diazoamind- compounds {v. infra) are also 
employed in bringing about this replacement, 
and when treated with concentrated hydro- 
fluoric acid they yield the corresponding fluoro- 
derivative ; fluorobenzene is thus produced 
from diazoaminobenzene or diazobenzene- 
piperidide (J. pr. Chem. 1870, [ii], 1, 395 ; Ber. 
1875, 8, 893 ; 1879, 12, 581 ; 1889, 22, 1846). 

A general and more convenient method of 
introducing fluorine into the aromatic nucleus 
consists in adding 40% borofluorio acid to the 
diazo- solution from the aromatic base when the 
corresponding aiyldiazonium borofluoride is pre- 
cipitated. These borofluorides are generally 
very stable salts ; they are not explosive and 
may be crystallised from warm water. When a 
diazonium borofluoride is gently heated it 
evolves nitrogen and boron trifluoride, whilst 
fluorine replaces nitrogen in the aromatic ring. 
Thus benzenediazonium borofluoride (decom- 
posing at 121-122°) furnishes fluorobenzene, 
b.p. 85°/760 mm. Toluene-jp-diazonium boro- 
fluoride (decomp. 110°), m-xylene-4-diazonium 
borofluoride (decomp. 108°), and naphthalene-a- 
diazonium borofluoride (decomp. 113°) give 
respectively p-fluorotoluene, 4-fluoro-m-xylene, 
b.p. 143-144°, and a-fluoronaphthalene, b.p. 
110°/17 mm. 

The bisdiazonium salts from benzidine 3deld 
the corresponding bisdiazonium borofluoride 
(95% yield, decomp. 137-138°), and this salt is 
pyrolysed into 4:4'-difluorodiphenyl (b.p. 115- 
116°/11 mm., 80% yield). 

m- and p-Phenylenediamines are similarly 
converted into bisdiazonium borofluorides which 
yield respectively m-difluorobenzene, b.p. 82- 
83°/752 mm., m.p. —59°, and p-difluoro- 
benzene, b.p. 88-5°/767 mm., m.p. -13° (Balz 
and Schiemann, Ber. 1927, 60, [B], 1186 ; Schie- 
mann and Bolstad, ibid. 1928, 61, [B], 1403 ; cf. 
ibid. 1929, 62, [B], 1794, 1805; 1930, 63, [B], 
3035). p-Nitrobenzenediazonium borofluoride 
decomposes smoothly into p-fluoronitrobenzene. 

The first really successful process for re- 
placing the diazo- group by chlorine (or bromine) 
was discovered by Sandmeyer ; it consists in 
adding the diazotised solution to cuprous 
cmoride (or bromide) dissolved in warm hydro- 
chloric (or hydrohromic) acid, when nitrogen is 
evolved and the corresponding chloro- or bromo- 
derivative is produced (Ber. 1884, 17, 1633, 
2650; 1885, 18, 1492, 1496; 1886, 19, 810; 
1890, 23, 1628, 1880; Annalen, 1893, 273, 
141). 

The first stage in the 8and,meyer reaction is 
considered to be the formation of an additive 
‘^“^Ppund of diazonium salt and cuprous 
chloride ; the decomposition of this inter- 
mediate product proceeds readily only above a 
certain temperature, which is different for each 
diazonium salt (Erdmann, Annalen, 1893, 272, 


141 ; cf. Votocek, Chera. Zeit. Kep. 1896, 20, 
70; Hantzsch and Blagden, Ber. 1900, 33, 
2544). The substitution of bromine for diazo- 
nitrogen follows a similar course (Phil. Trans, 
1864, 154, 673 ; Annalen, 1866, 137, 49 ; Amer. 
Chem. J. 1891, 13, 486 ; Gazzetta, 1890, 20, 
631). 

The foregoing substitutions are also effected 
by the addition to solutions of diazonium 
chlorides or bromides of finely divided copper 
or the copper bronze of commerce (Gattermann, 
Ber. 1890, 23, 1218; 1892,25,1074; Ullmann, 
ibid. 1896, 29, 1878; cf. Angeli, ibid. 1891, 24, 
952). 

Iodine is readily substituted for the diazo- 
complex by treating the acid diazo- solutions 
with potassium iodide even in the absence of 
copper or cuprous salts. 

As an alternative to the Sandmeyer and 
Gattermann reactions, the replacement of a 
diazonium group by chlorine or bromine is 
effected by converting the diazonium salt either 
into mercurichloride by adding mercuric chloride 
in aqueous potassium chloride or into merouri- 
bromide by adding mercuric bromide or nitrate 
in aqueous potassium bromide. The double 
diazonium mercurihahde is dried by washing 
with acetone, methyl alcohol or ether, mixed 
with twice its weight of potassium chloride or 
bromide and heated until the diazo- compound 
is completely decomposed. This procedure is 
effective in the following cases : 2:2'-diamino- 
diphenyl (2:2'-xenylenediamin6) is converted 
into 2:2'-dichlorodiphenyl or 2:2'-dibromodi. 
phenyl (yield 80%) ; p-bromobenzenediazonium 
bromide with mercuric bromide and potassium 
bromide gives p.dibromobenzene, and ;S-naph- 
thylamine is converted similarly into 2-bromo- 
naphthalene (yield 65%). The double diazonium 
salts with antimony trichloride and stannic 
chloride may be utilised in a similar maimer 
(Schwechten, Ber. 1932, 65, [B], 1605). 

Benzenediazonium chloride when treated with 
potassium and mercuric iodides in methyl 
alcoholic solutions yields successively 

CeH,-N2-Hgl3and (CeH^Nal^HgU. 
Both are yellow compoimds decomposing 
at 63-64° and 65° respectively. When 
maintained at the ordinary temperature these 
mercuric iodides pass mainly into iodobenzene 
and mercmic iodide with loss of nitrogen, hut in 
addition the former gives a 10% and the latter a 
3% yield of diphenyliodonium tri-iodomercuriate 
[(CjHjljljHglj, yellow crystals, m.p. 171-8° 
(Nesmejanov, Z. anorg. Chem. 1929, 178, 300). 

The Sandmeyer reaction includes the im- 
portant synthetical operation of replacing the 
diazo- group by a cyanide radical, the ^azo- 
nium salt being added to a warm solution of 
potassium cuprocyanide. The Gattermann pro- 
cess is also applicable to this synthesis, the 
addition of copper powder to a mixture of 
diazonium salt and potassium cyanide inducing 
a similar replacement. The cyanate radical is 
introduced in the place of the diazo- group by 
adding successively to a solution of diazonium 
salt, potassium cyanate and copper powder 
(Gattermann, Ber. 1890, 23, 1218 ; 1892, 

25, 1086). The thiocyanate group is introduced 
by adding potassium thiocyanate and cuprous 
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thiocyanate to a aolution of diazomum eulphato 
(Gattcmann and Hausaknecht, Ber. 1890, 

738 ; Thximaoer, tiid. 770). 

Although cnprooa halides are employed 
in the Sandmejer reaction for replacement 
of diazo- group by chlorine or bromine, ni^el 
cyanide is better than cuprous cyanide for the 
introduction of cyanogen, and fetiio a&Iia are 
tho best catalysta for mtrodnetion of the thio- 
cyanogen (CNS) group (Compt. rend. 1926, 
183.421). 

5. Replacement of the Olazo- Group by 
Sulphur and Sulphur-containing Radicals. 

These reactions are of importance as funush. 
ing methods for the synthetical prodnction of 
sulphonie acids. 

ThxophtnoU or iisxHjikiitt are obtained by 
treating diuoninm salts vith potassium xanth- 
ate and then hydrolysing the resulting aromatic 
xanthate (Leuckart, J. pr. Chem. 18M, fii}. 41, 
179 ; e/. Klason, Ber. 1887, 20. 343 ; WalUt. 
Chem. Soc.Proc. 1895, 11, 141). Phenyl sulphide 
13 produced by treating ^nzenediazomnm Baits 
vith hydrogen sulphide or ammonium sulphide 
(Graebe and Mann, Ber 1882, 15. 1683). 
Benzenoid diazomum salts yield sulphides 
on treatment irith sodium cuprous thiosolphate. 
but (liazotued a naphtbylamine only gives 
o*azonaphthalene (Bomstein, Ber. 1301. 34. 
3968). 

The replacement of a diazomum by a tut 
ph\n\t group u eifected by saturating with 
sulphur dioxide an acid solution of diazomum 
sulphate and adding copper powder; nitrogen 
IS erolved and tho resulting siilphinic acid ex 
tracted with ether (Gaetermann. Ber 1899. 32, 
1130; BP. 26133 of 1890; DRP 05830) 

The foregoing thiophenols, disulphides and 
eulphmic acids yield the corresponding tttlphomc 
nciifs on oxidation (D.n.P 70286; BP lI865of 
1892), 

6 Replacement of the Diazo- Group by 
NItro-, NItroso-, and Amino- Radicals. 

The introduction of a nitro- group is brought 
about cither by heating the diazonium ealt with 
nitrous acid and cuprous oxide or by mixing the 
diazonium sulphate with cupro-cupnc eulpbite 
and aflding excess of alkali nitrite By tho 
latter process, 2 4 6-tnbromobenzenediazonium 
sulphate giics 65% of 1-iutro 2 4 6 tnbtomo 
benzene and diazotised p naphthylamuie gives 
25% of jS nitronaphthalene, a substance pre- 
par^ uith considerable difGculty by other 
processes (Sandmeyer, Ber. 1887, 20, 1407 ; 
Hantzsch and Blagden, 1900, 33. 2544) The| 
diazomum boroduoridea have been utibaed in 
effecting a replacement of the diazo. group by a 
nitro.rsHical. A thin aejueous paste of tho boro 
duonde was added to a suspenaion of copper in 
aqueous sodium nitrite. The following reaction 
takes place at room temperature . 

Ar N,-BF4+NaNO,=Ar NO,+ N,+ NaBF^ 
In this way a 64% yield ofp dinitrobenzene was 
obtained from p nitraniline, and ethyl p-amino- 
benzoate furtuahed a 50% yield of p.iutrobenaoie 
acid {Starkey, J. Araer. Chem. feoc. 1937, 59, 
1479). The introduction of a nitroso- group u 
effected by treating a diazomum chloride mth 
alkaline potassium ferricyaiUde (Bamberger 


and Storch, Ber. 1893, 26, 471). The addition 
of hydroxylamine to a solution of diazomum 
ealt results in the regeneration of the onginal 
amine (Jlai, Ber. 1892, 25, 372 ; 1902, ^ 
2593. 3920), 

7. Formation of Azolmides. 

The introduction of tho azimmo- group N, 
into the aromatic nucleus is effected by the 
foBowing reactions; (1) action of hydroxyl, 
amine on diazomum sulphates (Mai, Ber. 1892, 
25. 372 ; 1893, 28, 1271 ; Forster and Ficn, 
JCS. 1907, 91. 855. 1350); (2) interaction of 
ammonia and diozoninm perbromidcs ; (3) direct 
action of sodium azide on diazonium salts in ex. 
cess of sulphuric acid (Ndlting and Jliebael, Ber. 
1893, 26. 86 ; Forster and Fieri, J.C S. 1307, 91, 
1942). The last of these processes is earned 
out ao readily that the production of an azimino* 
compound may be used to estimate the number 
of diazO' groups m a diazomum salt (Meldola 
and Hawkins, Chem. Soc Proc 1832, 8, 133 ; 
Morgan and klicklethwait.J C S 1910, 97, 2560). 
Aromatic noimides are also produced by tho 
mlcraetion of chloroamme, NH.Cl, and disio- 
ninin chlorides (Forster, J.CS. 1915. 107, 
2GD), and by removing water from tho nitroso- 
arylhydroxylammes 

These ary] azoimides can be employed syn- 
thetically as a means of transfoTmine an amuio 
into the corresponding aminopbenol ss when 
warmed with moderately concentrated sulphuric 
acid, two-thirda of the nitrogen u eliimnated 
aod a hydroxyl group is introduced into the 
nucleus (Fncdlander and Zeitlin, Ber. 1894, 
27. 192 . Morgan end Porter, J.CS 1015, 107, 
651) 

The interaction of sodium azide and diazo* 
compound leads directly to tho formation of a 
triazo. derivatiie in practically quantitatiie 
yield. A noteworthy alternative arises when a 
diazonium salt interacts with an atylaulpbon- 
amide m alkahne Bolution The reactiona are 
fairly general and the yields favourable. 
RSO,'NH-+R'N,CI 

-«R SO,H+R'Nj+HCl 
R SO,-NH,+ 2R' N,Cl 

■=RSO,-N,-R'-|-R'Ns+2HCI 

The former reaction affords a means of pro- 
ducing -aryisulphinio acids (Dutt, Whitehead 
and Wormall. J.C S 1921.119,2088) 

JltKellaneoiu ivbiblvttoru, v. J.C.S. 1888, 53. 
460; Araer. Chem J. 1888, 10, 368. Ber. 1902. 
35. 1964. 

For the replacement of the diazo- group by 
arsuuc and stibimc complexes consult AnszM- 
cals, Ohoajiic, and Antimonials, Oboanic. 

The primary amines of the tnazolo and 
thiazole eenes yield diazomum salts with oxy- 
acids (nitrates or sulphates) which are more 
atablo than the corresponding chlorides. Primary 
amines of the pyndino aod quinolino senes 
having tho amino- group ortho or poro* with 
respect to tertiary nitrogen atom yield very 
unstable diazomum chlorides which decompose 
faithwith into chloro-pyndmea or quinolines. 
9 Aminopbcnanthndmo (I) does not diazotise 
lormally in acid solution, but reacts slowly 
Aith nitrous acid, giving phcnantbndonc I* 
(Moigan and )Valls, J.C.b. 1932. 2227). The 
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other amino- derivatives of phenanthridine are 
readily diazotisable. 




I. II. 

Condensations effected by Means op 
Aromatic Diazonium Salts. 

Azo- compounds are formed, to a slight 
extent, during the Sandmeyer reaction, and this 
condensation takes place to a greater extent 
when the usual order of mixing is reversed and 
the cuprous chloride added to the cold solution 
of diazonium salt. Aniline, o-chloraniline, and 
0 - and ^-toluidine give considerable quantities 
of azo- derivatives, but the nitranihnes and 
their homologues furnish diphenyl compounds 
(Niementowski, Ber. 1901, 34, 3325 ; Ullmann 
and Porgan, ibid. 3802; D.R.P. 126961). 
Cuprous oxide dissolved in ammonia or hydroxyl- 
amine also promotes the diphenyl condensation 
(Annalen, 1902, 320, 122), diphenyl itself being 
readily prepared by adding eopper, zinc or iron 
powder to benzenediazonium sulphate in dilute 
alcohol (Ber. 1890, 23, 1226) ; ^^-dinapbthyl is 
similarly produced from j3-diazonaphthalene 
sulphate (J.C.S. 1895, 67, 653). 2:2'-I)imethyl- 
l:l'-dianthraquinonyl results from the condensa- 
tion of 2 mols. of 2-methylanthraquinone-l- 
diazonium sulphate when stirred -with acetic 
anhydride and copper bronze powder (Scholl and 
Kunz, Ber. 1907, 40, 1697 ; B.P. 14578 of 1905). 

CoUPLINQ OF Duzoninm Salts. 

2:4:6-Trinitrobenzenediazonium salt is highly 
reactive and couples with mesitylene to form 
the azo- compound CgH 2 (N 02 ) 3 -N 2 'C 6 *^ 2 *'^® 3 - 
This reaction recalls a similar interaction 
between negatively substituted diazonium salts 
and certain unsaturated hydrocarbons containing 
conjugated ethylene linkings. Thus the azo- 
compomd CH 2 :CMe-CMe:CH-N 2 -CeH 4 -N 02 

is readily obtained from dimethylbutadiene and 
p-nitrobenzenediazonium chloride in glacial 
acetic acid. This condensation product is re- 
duced by tin and hydrochloric acid to the amino- 
hydrazine, 

CH2:CIVIe-CMe:CH-NH-NH-CeHiNH2. 

Other diolefins such as butadiene (erythrene), 
isoprene, and a-methylbutadiene (piperylene) 
also couple with the active diazo- derivatives 
P-uitroaniUne and 2:4-dinitroaniline 
(Meyer and SchoeUer, Ber. 1919, 52, [B], 1468). 

."^^oidum compounds in general couple 
g h ethers of a carboxylated naphthol, thus 

-inethoxy.3-naphthoic acid couples in aqueous 
solution with the diazo- derivative of yj-chloro- 
aniline, 2;4-dichloroaniline, yi-nitroaniline, 4- 
mtro-o-anisidine, benzidine, tolidine, o-, and 
m-nitroanilines, sulphanilio acid, and 6-nitro-o- 
anisidine. The first six diazo- derivatives give 


unmethylated dyes, the next three give a 
mixture of approximately equal parts of un- 
methylated and methylated dyes, the last 
diazo- compound couples without demethylation 
(Jambuserwala and Mason, J. Soc. Dyers and 
Col. 1930, 46, 339). 

Reactive diazonium salts couple in the side 
chains of unsaturated aromatic compounds. 
y)-Nitrobenzenediazonium sulphate in alcoholic 
solution reacts with anethole, 

CHgCH:CHCoH 40 Me. 

to give anisaldehyde-p-nitrophenylhydrazone. 
With isosafrole, CH202:CeH3-CH:CH:CH3,thia 
diazo- compound gives piperonal-p-nitrophenyl- 
hydrazone, and with isoapiole, 

CHgOaiCoH (OMe)2CH:CHCH3, 

apiolaldehydo-p-nitrophenylhydrazone is oh-* 
tained. A similar condensation occurs with iso- 
eugenol, which yields vaniUin-p-nitrophenyl- 
hydrazone. These condensations distinguish 
aromatic compounds containing the propenyl 
group — CH:CH-CH 3 from those (e.g. safrole) 
with the allyl side chain — CH 2 'CH:CH 2 . In 
the former cases the reactive diazo- derivative, 
probably in its tautomeric form, 

NOjCoH^NHNO, 

attacks at the unsaturated linking, forming a 
hydrazone of the aromatic aldehyde with 
rupture of the side chain and elimination of 
acetaldehyde (Quihco and others, Gazzetta, 
1928, 58, 389; 1929, 59, 39). 

The rate of coupling of diazonium salts with 
phenols in buffer solutions of constant ionic 
strength (/t=0-24) has been measured colori- 
metrically. Over a wide range of concentration 
the rate of reaction corresponds with that 
calculated by means of the bimolecular equation. 
Rate of coupling is a simple function of the Pn 
of the solution : log jfc=log k^-i-p^ (Conant and 
Petersen, J. Amer. Chem. Soc. 1930, 52, 1220). 

Benzenediazonium salts couple with 2:6- 
diaminopyridine first to a diazoamino- com- 
pound, the hydrochloride of which on boiling in 
aqueous solution gives 2:6-diamino-3(or 4)- 
benzeneazopyridine (U.S.P. 1820483). 6-Chloro- 
3-aminopyridine (or the corresponding 6-iodo- 
base) is diazotised and coupled with a variety of 
reactive pyridine bases such as 2:6-diamino- 
pyridine and its 3-bromo- and 3-iodo- derivatives, 
to give heterocyclic azo- derivatives which are 
useful bactericides (B.P. 341598). 

The product obtained by tetrazotising o- 
phenylenediamine in nitrosylsulphuric-phos- 
phoric acid solution couples in this strongly acid 
medium with phenol, j3-naphthol, anisole, 
phenetole and even mesitylene to yield o-diazo- 
azo-compounds so that in such circumstances the 
bisdiazotised compound should be represented 
by the formula 

N:N— X 
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in order to explain the one sided roapling. 
Wlien the acidity of the solution is reduced then 
& second coupling vith a phenobc compound 
takes place giving rise to o-diazo dyestuffs of 
outstanding etahility towards alki^ (Schou- 
tissen, Rec. Trav. Chim. 1938, 57, 713). 

iKTEBCHikOE OF GrOOPS tH DUZOSIOM SOLTS 

The diazonium salts of the more highly sub 
stituted amines frequently undergo remarkable 
transformations, some of which have been 
suggested for use in the technical production of 
azo* compounds. 

The dinitroanisidines, containing nitro- groups 
either in ortho, or para- positions with regard 
to the amino- group, exchange these radicals 
for hydroxyl durmg the process of diazotisation 
In certain instances, the methoxyl group present 
in these compounds undergoes demethylation, 
etc , with the production of internal diazo- 
oxides (quuionediazides). The mtro- group is 
set free m the fora of nitrous acid, which coa- 
tisuea the diazotisation process on further 
quantities of the base (^leldcla and others, 
J.C.S. 1900,77, 1172, 1901, 79, 1078, 1902.81. 
938; 1905, 87, 1305). Methoxyl or chlonne 
radicals in ^ra positions with respect to the 
diazo. complex are rendered labile by contiguous 
mtro- groups so that para diazo- oxidea are pro- 
duced (Klemenc, Her. 1914, 47, 1407; Ido^an 
and Porter, J.C S. 1915, 107, 653), but an accu- 
mulation of acidic (mtro-) groups favours the 
removal of adjacent rutro groups and the forma- 
tion of ortho aiaso- oxides (Meldola and Revor- 
dui, J C.8. 1910, 97, 1204) A eulphooio group 
is replaced by hydroxyl is the diazotisation 
of m-phenyknediaminedisulphoiuc acid (B.P. 
18363 of l903), and certain of the dinitro- 
naphthylamineB, when diazotised, yield internal 
diazo- oxidea, owing to the initial replacement of a 
mtro- group by hydroxyl (Gaess and Ammel- 
burg, Ber. 1894, 27, 2211 j Friedlauder, 1895, 
28. 1951 ; cf. Meldola and Streatfeild. J.CR. 
1895, 67, 908). 

The replacement of an acidto (electro- 
negative) substituent by hydroxyl frequently 
occurs on treating the diazonium salt with 
alkalis. 


Cl OH 



A sulphonio acid group may be similarly 
eliminated as in ^-naphthylarmne-lib-T-tnauI- 
phonio acid which, when diazotised and treated 
with weak alkah, yields naphthylcne-2'diazo-l- 
oxide S.T-disulphoDic acid (Q.F. 1417S0;, 

BI*. 16811, 20051 of 1001; 1501, 0015, 


23993 of 1902; 16995, 27372, of 1903 ; 4997 cl 
1904). 

These replacements sometimes take place 
even when the diazo- solutions aro diluted with 
water, or spontaneously when the diazonium 
base is present as the salt of a weak acid (acetate, 
oxalate, carbonate, etc ) (v. Orton, Proc. Roy 
Soc. 1902, 71, 153; J.CS. 1903, 83, 790; 1907, 
91, 1554 ; Nocltmg and Battegay, Ber. 1906, 39, 
79). 

p (^lorobenzenediazonium thiocyanate 
Cl C.H^-Nj CNS 

undergoes a remarkable molecular transforma- 
tion when dissolved m alcohol containing a 
trace of hydrochloric and. The thiocyanate 
and cbionne radicals change places, and on 
adding ether to the solution, p thiocyanohenzene 
diazonium chloride is precipitated (Hantzsch, 
Ber. 1896, 29, 947). Similarly, 2.4 6-tribromo. 
benzenediaxonjum sulphate in presence of excess 
of potassium thiocyanate is converted into 
2.4 6 trithiocyanobeiuenediazonium thiocyanate 
and many brominated diazomum chlorides pass 
into chlorinated diazonium bromides (Ber. 1897, 
30. 2334; 1898, 31, 1253; 1900, 33. 605; ef. 
JC6. 1902, 81, 1376). The last of these 
transformations baa been studied quantitatively, 
and the following generalisations have been 
established . 

(i) Bromine atoms are replaced by chlorine 
only when present in the oriho- or para- position 
with respect to the diazonium group, those in 
ortho- positions being most readily removed. 
A bromme atom in the meta- position la not 
affected. 

(u) The ease of transformation increases with 
the number of bromine atoms present. 

(ui) The transformation constant, calculated 
from the equation for a uiumolocular reaction 
i:«l/<(log A/A— x), increases with the tempera- 
ture and IS also mQuenced by the solvent, 
bavmg its minim um value in water, and 
becoming greater as the series of alcohols is 
ascended. 

(iv) Diazonium salts containing two bro- 
mine atoms are stable when dry, but are rapidly 
transformed in ethyl alcohol; 2 4 6-tribromO' 
bcQzeaediazoaium cliloride becomes transformed 
IQ the dry state. 

These changes do not occur either with 
lodinated diazonium chlorides or with bromui- 
ated diazonium Suorides (Hantzsch, Ber. 1903, 
36. 2069). 

Stadiused Diazo. Coupoumds. — ^The teclini- 
cal utility of stable diazo- compounds has led 
to many devices for preventing the decomposi- 
tion of the diazonium group which otherwise 
occurs on keeping the salts even at the ordmar} 
temperature. When mixed with an equal weight 
of crystalline alum or aluminium sulphate about 
two thirds dehydrated, diazo- compounds maj 
bo stored for long periods without deterioration. 
The diazo- derivative of the technically impor- 
tant 5-mtro-o toluidmo is stabilised by pre- 
cipitation aa boroBuoride (B.P. 316091). 

Diaxonium borofluoridcs are rendered more 
stable by adding to the aoLd salt or ^ 
solution an acid or an acid salt sui^ os hydro- 
cblorio atid, borofluoric acid, potassium tetroxs- 
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lalo, sodium hydrogen sulphate, or dibutyl- 
naphthalene-jS-sulphonic acid (B.P. 317355). 
Stable diazonium metallofluorides are obtained 
by interaction of diazo- solutions with titano- 
fiuorio acid or the corresponding eomplex 
fluoro acids containing aluminium, stannic, 
antimonious, antimonic, or zinc fluorides. The 
products are isolated from eoncentrated solu- 
tions by strong cooling (B.P. 332227). The 
solubility of certain diazonium borofluorides is 
increased by addition of salts of metals of 
periodic groups I and III, such as alkali chlorides 
(including ammonium chloride), alum, or alumin- 
ium chloride, B.P. 332630. p-Chlorobenzenesul- 
phonic acid (or its salts) furnishes a stabilising 
anion when added to diazo- solutions derived 
from nitranUines, chloronitranilines, chloro- 
or nitrotoluidines, or any non-sulphonated 
derivative of these or similar bases. The pro- 
ducts are crystalline, water-soluble, stable 
diazonium p-chlorobenzenesulphonates which 
may be dried at moderate temperatures (B.P. 
265986, 273352). Aromatic diazo- compounds 
react with aldehyde-bisulphite .derivatives of 
ammonia or amines to furnish soluble stable 
diazoamino- compounds of the general t3rpe 

Ar-NiN-NRCHR'-OSOaNa. 

These diazoamines regenerate diazo- salts by the ' 
action of mineral acids. DiazOtised 5-nitro-o- 
toluidine couples with the formaldehyde-bisul- 
phite compound of ammonia, methylamine, or 
dimethylamihe. Such diazoamines are used in 
dyeing and in the protection of plants from 
insect pests (B.P. 309610). 

A preparation which will liberate a diazo- 
compound when dissolved in cold water is 
obtained on adding solid sodium nitrite to a 
mixture containing 1 mol. of an aromatic 
nitrobase (such as p-nitraruline) rather more 
than 1 mol. of sulphuric acid (or the equivalent 
proportions of the sulphate of the base and 
bisulphates) and a suitable diluent such as 
partly dehydrated aluminium sulphate or alum, 
arylsulphonates or mixtmes of arylsulphonates 
and partly dehydrated alum. Such preparations 
are very stable, and diazotisation is effected on 
addition of water (G.P. 426033). 

Moderately soluble diazonium fluorosul- 
phonates are obtained by interaction of diazo- 
compounds and fluorosulphonic acid. These 
products are insensitive to shook and decom- 
pose on heating without explosion ; they are 
used in dyeing and against insect pests (B.P. 
303527). 

In the manufacture of soluble azo-dyes, 
diazonium salts are generally employed in 
aqueous solution, but solid diazo- compounds, in 
dry or paste form, have been introduced to 
enable dyers to prepare “ingrain” azo- colours 
which are developed on the textile fibres. 

Aryl sulphonic acids have been employed 
in this stabilisation of diazo- process, including 
a- and )3-naphthalenesulphonic acids and 
naphthalene-l:5-disnlphonio acid (Marriott, J. 
Soc. Dyers and Col. 1936, 52, 172). Anisole-p- 
sulphonio acid and acylaminobenzenesulphonic 
acid also give rise to stable diazonium salts. 
The diazonium salts of )3-naphthol-a-s>dphonic 


acid behave in the peculiar manner indicated in 
the following diagram : 



The first change is effected under the influence 
of alkali when the hemiquinonoid salt dissolves 
and the solution when acidified yields a pre- 
cipitate of the insoluble azo-)3-naphthol, the 
sulphonic group having been eliminated as 
bisulphite. If the Ar radical contains a nitro- 
group, as in the nitranUines, and if excess of 
alkali is used a deep-seated change occurs and 
a dihydrophthalazine is formed (Bowe and 
others, J.C.S. 1931, 1965; 1933, 1067 ; 1935, 
1796). 

Dried mixtures of an aromatic primary amine, 
sodium nitrite and an acid salt give rise to diazo- 
componnds on dissolving in water. A mixture 
of nitrite, /5-naphthol, and arylamine-formalde- 
hydebisulphite Ar-N H-CHj-SOjNa, give a 
clear solution in weak alkali, but when printed 
may be developed by acid treatment, which 
hydrolyses away the co-sulphonate group, the 
primary base, Ar-NHj. thus liberated is 
diazotised in acid solution and couples with the 
naphthol. I.C.I. (B.P. 374497). 

Light-Sensutve Diazo- CoMPOtnrDS. — ^The 
sensitivity to h’ght of many diazo- compounds 
has led to various suggestions regarding the 
application of these compounds to photography. 

Diazosulphonates, made from diazonium 
salts and sodium sulphite, are incapable of 
coupling in alkaline solutions with phenols or 
aromatic diamines, but exposure to light removes 
this inhibition so that a coloured image is pro- 
duced wherever light has acted. Peer, in 1889, 
suggested for this purpose an alkaline mixture 
of ditolylbisdiazosulphonate (derived from toli- 
dine) and resorcinol, a-naphthol, orm-phenylene- 
diamine. In 1890, Green, Cross and Bevan 
patented the primuline process based on the 
decomposition by light of the diazo- compound 
of primulin or other thioamines. Paper or linen 
impregnated with diazoprimuline or diazo- 
dehydrothio-p-toluidine was exposed to light, 
and subsequently immersed in a bath of a phenol 
or other couplhig base. Eesorcinol gives an 
orange tint, )3-naphthol a red, 2:4-tolylenedi- 
amine a reddish-brown, and a-naphthylamine a 
violet tint. Of other light-sensitive diazo- com- 
pounds may be mentioned o-diazosalicylic acid, 
1 - diazo - 2 - oxynaphthalene - 4 - sidphonic acid. 
Ozalide papers, which have largely Replaced blue- 
print paper, are based on the principle that a 
light-sensitive diazoanhydride may be mixed 
with a phenol or aromatic amine without coup- 
ling until the mixture is rendered slightly 
alkaline. On exposure to light the sensitive 
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diazoanhydride is decomposed except vliere it is 
protected. The paper base is then tendered 
alkaline by gaseous ammonia rrhen conpling 
occurs between the undecomposed dlazo* 
anhydride and the phenol or aromatic amine 
with formation of a coloured mo- compound. 

Stabilised diozonium salts, such as metallic 
double salts and botoflnoridea (ste preceding 
Bcctjon) from diazotised p^aminoalkylanilmes 
and p-aminodipbenylamine and its derivatitee 
are employed in preparing dxazotype paper. 
On exposure to bgbt under a stencil the diazon- 
inm salt la destroyed in parts and the unchang^ 
salt 13 coupled xnth pbloroglucinol to obtain deep 
shades approaching black or with resorcinol to 
give brown tints (B P. 281604, 234818, 443995: 
Chem. Ago, 1936, 34, 108). 

Other diazotype papers contain both diazo* 
compound and coupling component Tho diazo* 
deni ativo is select^ as one giving a diazo* oxide 
which in acid media is incapable of coupling 
vith a phenol l>Diazo*2 naphthol 4>sulpbonio 
acid 13 an example of this group, it remains on* 
coupled with aphenol, especially if bone acid ora 
titanium salt is present Exposed under a 
tracing the diazo* group is destroyed, and on 
bringing the paper into a warm ammoniacal 
atmosphere coupling occurs without addition 
offurther reagents (BP 210826 , GP 419978). 
Fnnts are also obtamable with a <^zo com 
ponent alone, providing that this substance can 
couple with ite decomposition product. Ibe 
forcmtng 1 diazo S naphthol eulphonic acid will 
do tnis, as will also diazotised o aminosalicylic 
acid (0 P, 111416) Diazo compounda baveateo 
been utilised in colour photography (Alurray, 
Phot J, 1933. April, and D.P. 363616). 

CoHSTntmos or AsoMano Duzonvu Salts 

Aromatic diazoruum salts are generally 
soluble in water to a neutral aofotioR, thus 
showing, by an absence of hydrolytic diesocia* 
tion, that the diazomnm base is a stronger base 
than the aromatic amine from which it was 
derived. The strength of the duzonium base 
has been confirmed by phystco ebemteal 
measurements. 

Determinations of the electrical condoctivUy 
o1 solutions o1 benzenediazonjum chlonde and 
nitrate show that the benzenediazoiunm radical 
is strictly comparable with other (juaternaiy 
ammonium ions. The xate of migration of 
the benzenediozonium ion at 25° is 46 7, the 
corresponding constants f^r the methylpyn* 
dmium and tetramethylammonium Ions Ming 
44 3 and 43 6 respectively. The molecular 
electncal conductivitv of solutions of djazoiuum 
salts increases with dilution, just as in the case 
of the corresponding potassium and ammonium 
compounda 

Tho aflimty constant of benzenediazonium 
hydroxide at 0° is 70 times greater than that of 
ammonium hydroxide, end somewhat exceeds 
that of piperidine. The affimty conetanta of 
p metfaoxybenzenediazonium and ^.comidme* 
diazonium hydroxides are even greater, and 
approximate closely to those of (he alkali 
hydroxides. A comparison of the electrical 
conductinty expenments, with the resolta ob- 


tained in tho hydrolysis of ethyl acetate by 
benzenediazonium hydroxide, ahowa that in 
JV/128 solutions at 0°, approximately 33% ©f 
tho hose ex«ts in tho ionised condition (Bn 
1890, 23, 3220 ; 1895, 28, 1737 ; 1893. 8l' 
WI2). 

Benzenediazonium (Diazoiement) hebaves 
like an alkali or a complex ammonium cation 

Benzenediazonium hydroxide (Piazo- 
benzene Aydfote or Aydrowde) is only known in 
solution, and is produced by treatmg aqueous 
i benzenediazonium chloride with the calculated 
'amount of silver oxide, or by adding banum 
I hydroxide to & solution of benzenediazonium 
sulphate (Hantzscb, Ber. 1698, 31, 340). The 
solution IS strongly alkaline, and gives at once an 
azo compound with jS.naphthol ; the dissolved 
base decomposes, however, fairly rapidly even 
at 0®, 

The striking similarity in the physical and 
chemical properties of the diazonium and 
quateroary ammonium salts suggests the 
existence of quinquevalent nitrogen in the 
former compounds, and on these grounds the 
following formula, formerly proposM by Biom* 
strand (1869), Strecker (1871), and Erlenmeyer 
(1874), has now been generally adopted for 
benzeoediazonium chloride and its homologues i 

CgH,— N’— Cl 
N 

althougb, for many years, the alternative eon* 
figuration, CeH( NbN Cl, suggested by Kekull, 
was usually emploved. 

The close analogy existiQg between the 
diazonium and alkab salts u shown further 1^ 
the facility with which both senes yield double 
ealta with cobaltio nitrite and with the chlondct 
of platinum, gold and mercury, Diazomum 
perbalidea are also known, corresponding with 
the perhaLdes of potassium, rubidium, cssium 
and quaternary emmomum bases (Hautzsch, 
Ber. 1895, 28. 1738. 2754). 

The henzcnoid diazonium salts with colour 
lese anions (nitrates, sulphates, chlondes) are 
generally e^ouiless, but the corrcspoivdiiig 
bromides, iodides and thiocyanates are coloured, 
and the deeper the colour the more explosive 
the 8a3t. yVtien cooled in liquid air, t'acso 
coloured salts become less coloured ; moreover, 
their aqueous solutions are colourless 

The development of colour and increase m 
explosibiiity are consider^ by Hantzsch to 
inoicate a change in constitution, the coloured 
substance being regarded as an equilibrium 
mixture of diazomum salt and syn.diazo. 
compound (v. in/ro) This equilibrium u dis- 
turl^ in the sense of forming more of the eclour- 
leas diazonium salt by lowering the temperature 
or by ^ssolving the substance in water 
(Hantzsch, Ber. 1897,33.2179; 1900.33.2179; 
Euler, Ber. 1895, 31. 4168). But although in the 
benzene senes the diazomum chlondes, lutrate* 
and Buipbates are colourless, yet la the diphccji 
and naphthalene senes many diazonium salts 
with these amons are coloured and comparatively 
stable. Moreover, this colour (yellow or oran^) 
is retained either in aqueous solution or at tho 
temperature of Lquid air. Apart from their 
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colour, these salts have all the properties of the 
simpler diaionium salts (neutral solutions, 
coupling with phenols, etc.). These facts 
indicate that increase in the complexity of the 
organic portion of the diazonium cation leads to 
the development of colour in normal diazonium 
salts. 

Stebeocheihstry of Diazo- Derivatives. — 
The stereochemistry of diazo- compounds advo- 
cated by Hantzsch, and accepted generally by 
workers in this field of organic chemistry, is 
based on the existence of two isomeric forms 
of aromatic diazocyanides, diazosulpbonates 
and diazo-oxides. Of these two series the more 
stable anti-diazo- compounds have frequently 
been prepared in a state of purity so that their 
e.xistence has been confirmed by many analyses. 
The labile syn-diazo- compounds, on the other 
hand, are much less readily isolated, and 
analytical data in support of their existence as 
definite chemical entities are not always obtain- 
able. 4'-Amino-l-phenyl-5-methylbenzothlazole 
(dehydrothio-^)-toluidine) was shown by its 
discoverer A. G. Green (1889) to give rise to a 
diazo-chloride quite stable in solution at the 
ordinary temperature. 

When suspended in absolute alcohol and 
diazotised with ethyl nitrite, the hydrochloride 
of the foregoing aminothiazole yields two 
isomerie compounds, an insoluble diazochloride 
and a soluble one precipitated by ether. Syn- 
l-phenyl-S-methylbenzothiazole-4'-diazochloride 
decomposes at 139°, dissolves readily in water, 
couples immediately with alkaline a-naphthol, 
and evolves nitrogen with copper bronze, giving 
4'-chloro-l-phenyl-5-methylbenzothiazole. Anli- 
l-phenyl-5-methylbenzothiazole-4'-diazoohlQride 
decomposes at 270°, is insoluble in water, does 
not couple with alkaline j3-naphthol until after 
treatment with hydrochloric acid. With copper 
bronze and this acid it remained unchanged for 
several hours, but after a week yielded the 
chloro-derivative. 

Ice-cold solutions of the syn-diazochloride 
when treated with sodium sulphite gave a sodium 
s!/n-l-phenyl-5-methylbenzothiazole-4'-diazosul- 
phonate, a salt which couples mth )J-naphthol. 
At the ordinary temperatures (about 20°) a 
non-coupling anli-diazosulphonate is obtained. 
Sunilar experimental conditions lead to the for- 
mation of syn- and an<i-l-phenyl-5-methyl- 
benzothiazole-4'-diazooyanides. The syn-diazo- 
cyanide is a brick-red product, very soluble in 
water and decomposes at 131°, it couples readily 
with alkaline ^-naphthol and readily loses nitro- 
gen with copper bronze. The anli-diazocyanide, 
a deep orange precipitate insoluble in water, 
melts at 176°, does not couple with alkaline 
^•naphthol, and evolves nitrogen only very 
slowly with copper bronze. Accepting the 
stereochemical hypothesis these three pairs of 
and anJi-diazo- compounds may be thus 
represented ; 

S 


N 

Si/n- Series. ‘ (CN) 

(NaSOa) 





Anti- Series. (G N ) 

(SOaNa) 

The solubility in water of the syn-diazooliloride 
and -diazocyanide suggests that these compounds 
pass readily into the diazonium condition, D 
being the thiazole radical (Morgan and Webster, 
J.G.S. 1921, 119, 1071). 


D— N 

II 

Cl— N 


zH^O 


p— N 

III 

L N 


Cl 


Jn this benzothiazole series there was also 
qualitative evidence of the existence of syn- and 
an<i-diazo-oxides (diazotates). For the consti- 
tution of diazo-oxides (diazotates), see Angeli, 
Ber. 1926, 59 [B], 1400 ; Hantzsch, ibid. 
1929, 62, [B], 1235 ; Quilico, Gazzetta, 1931, 61, 
326. 

(Coloured diazonium salts, v. Hantzsch, Ber. 
1900, 33, 3183 ; 1901, 34, 4168 ; Annalen, 1900, 
313, 126 ; Cain, J.G.S. 1905, 87, 6 ; Morgan and 
others, ibid. 1907, 91, 1311, 1505 ; 1908, 93, 
614 ; 1909, 95, 1319.) 

The idea embodied in Blomstrand’s diazo- 
nium formula (v. supra) fails to express one 
important point, namely, the dependence of the 
stability of the diazo- complex on the presence of 
an unsaturated group. Yet this is a matter of 
fundamental importance, for hitherto no amine 
in which the basic nitrogen is attached to a 
fully saturated ring or complex has yielded a 
diazonium salt. • 

Cain has suggested an alternative formula, 
(2), giving expression to this circumstance 
(J.G.S. 1907, 91, 1051), in which the diazonium 
salt is represented as having a paro-hemiquinon- 
oid constitution ; and this conception has 
been extended by Morgan (ibid. 1908, 93, 
617 ; 1910, 97, 2563) so as to include the equally 
admissible orlAo-hemiquinonoid configurations 
(1) and (3) : 




Hi 




H H 


H 

( 1 ) 


n, 

I 

H 

( 2 ) 


H 




Euler has also advocated a parcr-hemiquinonoid 
structure for diazonium salts (Ber. 1908, 41, 
3979). 


Non-aromatic Diazonium Salts. 

The foregoing hypotheses of the constitution 
of aromatic diazonium salts, which bases then- 
existence on the unsaturated nature of the 
aromatic complex, accord with the fact that 
certain non-aromatic primary amines containing 
unsaturated organic groups manifest, in some 
degree, the property of diazotisability. Among 
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these bases are aminotriazolo (I) and itsderira- 
tives, and aroinoantipyrine (II) : 

,NH N N(CH,}-N{C,H.)CO 
NH,-CC I) ! J 

^N— CH C(CH.)==C-NH, 


I. 


ir. 


(Thiele and Manchot, Annalen, 1&98, 302, 33 ; 
Knorr and Stolz, %btd. 189(3, 293, 67 ; tf. Ber. 
1900,33, 1168 ; 1906,39,2926 ; Annakn. 1900. 
812, 133). In addition to ammo* denvatiTea of 
the pyrazolme group (Michaelis, Annalen, 1906, 
350, 286), the 4- and 5 amino denvativea of the 
pyrazole group give rise to remarkably stable 
dmtoninia aalta (Morgan and Redfy, J.CB 
1914, 105, 436 ; hlichaclis and others, Annalen, 
1911,385.1; 1915,407.229,274; Mobr.J.pr. 
Cbem. 1914, [u], 90, 509). 2-Aminotblazole, a 
heterocyclic base containing sulphur and nitro- 
gen in the rtng, faniisbea diazomuzn aalts of the 
ozyacids (Morgan and Morrow, J.CB- 1016, 107. 
1291). 

PyrtuoU Stn «». — Among pyrazole bases the 
effect of onentation on the stability of the 
diazoninin salts is well marked. 


NH— CMe 


NH— CMe 


CNH, CN*CI 

1 / I / 

N=«CMe N=CMe 

I. ir. 

When diazotised m the usual manner, 4 ammo- 
3.6.diaethylpyrazole (I) pelds the diazoniom 
chloride (II] stable fn either hot aqueous eolu - 1 
dons or up to 160^ tn the dry state. IVben the 
diazo* group is tn position 6 the product is I 
mnch less stable, for l-pbenyl-S metbyl-4-ethyl- 
pyrazole-S-diazoiuiim chloride decomposes 
quickly eten at room temperature. If the 
4-etbyl group is replaced by labile hydrogen as 
in 1-phe^l 3-methyl S-anunopyrazoJe hydro- 
chlonde (Ul), then nitrons acid yields only 13% 
of diazoniom salt (IV), the mam product (88%) 

PhN— CNjCI 

CH IV. 

PhN— CNH,.Hcl \ / 

1 \ N«CMe 

I / \e5^PhN— CiNH 

N-CMe I \ 

111. C.NOH V. 

N» CMe 

being the imino-oxime (V) (Mohr, J. pr. Cbem. 
1914,90, (li), 609). 

isO’OzaioU fmes,— 3.5-Dimethylisoosszole 
has been conrerted into 4-mtro-S.5 dimethyl- 
tsooxazole, and the latter reduced by amalgs- 
mated alumimum and moist ether to d-amino- 
3.6-dunetbyli«ooxazole (I), which diazodses to 
the Tcry soluble diazoniom chlonde (II). Tina > 
diaior derivative Uless stable than the foregoing I 
3.5-dimetbylpyrazole-4 diazonium chloride. | 


O— CMe ( 

D— CMe O 

1 \nH.-vI 

1 \-N,CI-^| 

1 / ■ 1 

1 / I 

N>=CMe t 

'I^CMe N 


I. 

O— CMe 


/ n. \ 

O— CMe 


C-N.ofI 

/ 


m. 


CMe-O 

1 I 'f' \ 

C-NH'NH, C-NiNNHC 

1 / 1 / \ 

N«CMe N=CMe CMe«.N 

IV. V. 

3 6-Dimethyl iso-oxazole-4^11azonlam chloride 
interacts readJy with sodiom azide or potassium 
iodide to yield reapootirely 4-triazo-3 S-di- 
methyltso oxazole (III) and 4 iodo-3 6.dj- 
metbyliso-oxazole (III), pale yellow needles, 
m.p. 52 5-54°. On redaction this diazoaium 
chforide gives a hydiaiise (IV), and it couple* 
with its parent base to famish a colourless 
diazoamine (V) (Morgan and Burgess, J.C.S. 
1921. 119. 698. 1646). 

Distmct evidence of diazotisabOity has been 
adduced m the mdole and pyrrole senes (Angeb 
and d’Asgelo, Atti B. Aec^. Lincei, 190-1. [v], 
13, 1. 258 ; Angelico, i6td. 1905, [v], 14, li, 167), 
It has also been sbowzi (K. A, Ho^ann, Hock 
and Both, Ber. 1910, 43, 682, 1087) that smino- 

S uaaidme gives rise to diazonium salts, denved, 
owever, not from the salts of ammoguamdine 
Itself, but from a more complex moleeuls ton- 
taining two guanidine residues, and having s 
greater degree of nnsaturation. The diazomom 
nitrate, for example, is represented by tbs 
formula : 

NO,N,NHC(-NH). 

NH. 

^C(NH,)-NH-NHN^ 
containing a diazo- complex associated with an 
open chain having three nnsat-uiated bokingt. 

H. Cyclic Diaxo- Compounds, 
la certain instances, the setion of nitrons 
a^ on substituted aromatic ammes lesda to the 
formation of compounds having their diazo- 
nitrogen in a cyclic complex^ this result being 
'due to the subsequent interaction of a sub- 
stituent group, 

1. ISTEBNAl, Duzomuu SaLTS. 
Sulphonated amines of the benzene and 
naphthalene senes furnish diazo- derivativM 
which are generally misnamed duuo’tulphonie 
ocids. These compounds, however, do not 
contain ionic hydrogen, and are really istemsl 
diazonium salts ; Ko. 1, the so-callw "diOio- 
bemejutidphome aetd,” being bementdtozmivm- 
p-eulpAonoie, whilst No. 2 is naphtbaUne-l’ 
diazotitum’S-tvlphoTuUe. 

(XL OJf 
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These internal diazoninm sulphonates are of 
great technical importance in the manufacture of 
azo- dyes.' They are prepared either by adding 
sodium nitrite to an acid suspension of the 
amino sulphonic acid or by acidifying a solution 
containing nitrite and the alkali salt of the 
aminosulphonio acid (Rev. prod. chim. 1917, 
20 , 21 ). 

Of a similar nature are the cyclic diazo- 
derivatives obtained by diazotising aromatic 
aminocarboxylio acids (c/. Bulow and Haas, 
Ber. 1911,44, 601), e.p. “ diazo-anthranilie acid" 
or benzenediazonium-o-carboxylate 


+ 



•which is employed in the production of methyl 
red (w. Chemical Analysis, Acidimetry and 
Alkalimetiy, Vol. II, p. 641). 

These internal diazonium salts are now often 
formulated as polar substances. Formula (1) 

being modified as N 2 -C 8 H 4 -S 03 and the last- 
mentioned diazonium carboxylate as shown in 
formida (3 a). 

2. Cyouo Diazo- Compounds due to 
Ihteenal Condensation. 

Aromatio ortho- and peri-diamines do not 
yield diazonium salts except in special circum- 
stances (Sohoutissen, J. Amer. Chem. Soc. 1935, 
55, 4535 ; Hodgson and Walker, J.C.S. 1936, 
630), inasmuch as their interaction ■with nitrous 
acid leads very readily to the formation of cyclic 
diazoimines {Azimino- compounds) 



Phenylene-o-diazoimine (1) {Aziminoben- 
zene) and naphthylene-1:8-diazoimine (2) 
{l:8-Azimino-naphthokne) are typical members 
of this series of diazo- compounds. 

The triazole rings thus set up are remarkably 
stable, and in the case of the ortho- derivatives 
(1) are not opened by mineral acids -without 
complete rupture of the molecule. The peri- 
diazoimines (2) occupy a position intermediate 
between the ortho-diazoimines (1) and the para- 
diazoimines (v. infra). 

The 1:2- and 2:3-naphthy]ene-diamine3 furnish 
respectively 1:2- and 2-.Z-naphthylene-diazoimines 
(1:2- and 2iZ-azimino-naphth(denes). (Constitu- 
tion of ortho-diazoimines and their acyl- deriva- 
tives, Griess, Ber. 1882, 15, 2195; KekulS, 
Lehrbuoh, ii, 739 ; Morgan and Godden, J.C.S. 
1910, 97, 2557 ; cf. Ber. 1874, 7, 316 ; 1876, 9, 
221 ; 1887, 20, 2999; 1894, 27, 874; Annalen, 
1889, 255, 344 ; J.C.S. 1906, 89, 4). Although 
Griess’s formulation for the azimino- compounds 

still persists in chemical 

Vol. III.— 38 


literature, it has been disproved completely, and 
that of Kekule substantiated by the preparation 
of three pairs of isomerides having respectively 
the following formulas, where R=acetyl, ben- 
zoyl, or benzenesulphonyl. 


Me! 


N 

N 




This form of isomerism could not exist with 
Griess’s symmetrical configuration (Morgan, 
Micklethwait and Soharff, J.C.S. 1913, 103, 
1394; 1914, 105, 117). Although these diazo- 
immes do not couple with phenols and aromatio 
bases to form azo- dyes, yet employment has 
been found for them in the production of s 3 mthetio 
carbazole derivatives which are obtained on 
heating these oyclio diazo- compounds (Ullmann, 
Ber. 1898. 31, 1697 ; 1914, 47, 380). 

Similar stable cyclic diazo- compounds are 
obtained by diazotising the ort^-aminothio- 
phenols, o-phenylenediazosutphide being a 
colourless crystalline substance with a sweetish 
odour and feebly basic properties 



(Jacobson, Annalen, 1893, 277, 209, 218, 232, 
237). 

3. Cyclic Diazo- Compounds due to Combined 
Inteknal Condensation and Salt Foema- 
TION. 

In this group are found certain diazo- 
derivatives of amines containing slightly acidio 
substituents in ortho- or para- but not meta- 
positions with respect to the aminic nitrogen. 

(i) Internal diazo-oxides are produced 
from ortho- and para- aminophenob and their 
derivatives. In some cases an intermediate 
diazonium salt b formed which condenses to the 
diazo-oxide on treatment with silver oxide or 
an alkali (Schmitt, Ber. 1868, 1, 67 ; Hantzsch 
and Davidson, ibid. 1896, 29, 1522 ; Cameron, 
Amer. Chem. J. 1898, 20, 229). The first diazo- 
compound preparedby Griess (Annalen, 1858, 106, 
123), namely, dinitrobenzenediazo-oxide, 

(N 02 ) 2 CBH 2 <r I , belongs to thb class; it is 

Ns 

produced by diazotbing picramio acid, and has 
been utilised in the production of azo- colours. 
The 1:2-, 2:1-, 2:3-, and l:8-amino-naphthob and 
their sulphonic acids similarly give rise to 
internal diazo-oxides which are so stable that 
they can be nitrated. These internal diazo- 
oxides are readily transformed into diazonium 
salts by mineral acids, and are therefore 
available in the production of azo- dyes. 

Internal diazo-oxides can abo be produced 
by leaving the diazonium salts of highly sub- 
stituted amines (e.g. 2:4:6-trichloroaniline) in 
aqueous solutions containing no free mineral 
acid (Orton, Proo. Roy. Soc. 1903, 71, 153 ; 
J.C.S. 1903, 83, 796). 
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These diazo< denratires have been forma* 
ated either as cyclic diazo-osidea (1) or 
qulnooediazides (11} : 


OC.H^-N, 


I. 




n. 


(c/. Wolff, Ansalen, 1900, 812,120 ; Morgan 
and Micklethvait, J.C.S. 1908, 93. 007). 

Repeated attempts to prepare internal diazo. 
oxideo from m-aminophcnol and its utro* 
derivatives, which have been quite unsuccessful, 
ftrengthen the view that these diazo* derivatives 
are to be regarded aa quinonediazo oztdea (II). 
with the reservation that aimiiar compounds are 
producible from 1:8 ammooaphthol, ‘H add,’ 
and other pen- denvativea (Morgan and Porter, 
J.C.6. 1016, 107, 646). In the case of ammo 
phenoisulphonio acids the NH|-OH=>l:2 com- 
ponnds give these coloured o-quinonediazidea; 
the NHt-OH.^l:4 compounds yield diazonium 
sulphonatea changing to p-quinonediazldea on 
partial neutralisation ; the NHj'OH=1.3 com* 
pounds give nae only to diazonium sulphonatea 
which lose disizo-nitrogen and furrush complex 
aXQ* derivatives on treatment with, alkali (Mot* 
gan and Tomlins, J.C.S. 1917, 111. 497). 

AsotfXTio ]Dtazo.oxiDE3. — 2.4 Dtnitro o* 
naphtbylamme is a feeble base which is diazo- 
tised by adding utrosyl sulphate (chamber 
crvitaU) or dry aodium nitnte to the boae dia* ' 
solved in cold concentrated sulphurio acid, the 
■olotioa being subsequently diluted with frag- 
ments of ice. The liquid is then poured into a 
large excess of ice.water, when a crystallioe 
btownizh-yeUow precipitate of 4 nittonapblha* 
lene-l-diazo 2*osde (I) is obtained. 


N=N 


N=N 


(XT' 

NO, SO,H 

L 11. 


with the more reactive phenols such asrceorciDol. 
phlorogluclnol and l:3*dihydroxyiiapbtha]ene, 
and in these instances coupling occurs not only 
in alkalme solutions, but also, and with great 
facility, in presence of strong acids, for example, 
in glacial acetic acid containing concentrated 
mineral acid (Morgan and Evens, J.C.S. 1919, 
115, 1126). The technically important nspb- 
thalenediaxo-2-oxide-4-eulphoiuo aud II forms' 
an acidic brown copper compound which 
givee no precipitate with sodium hydroxide and , 
a yellow solution with ammonia (Bsttegsy and, 
Schmidt, EuU. Sac. chim. 1927, (iv), 41, 296). I 

For the diazotisation of aminopnenols w^cb 
are readily oxidised to quinones, lutntes are 
employed in presence of mineral acids and salts 
of copper, iron, zinc or similar metals. The 
resiUting diazo- solutions may bo used either for , 
coupling to form azo- dyes or for displacement' 
of the diazo- group by hydn^en, halogena or 
other snbetituents (G.P. 431613). 

AminophenyLirsino dichlondes and ammo* 



phenylslibine dichlorides diazotise to yield com- 
pounds of the type CI,X-C,H,'N,CI (where 
X^As or Sb). The arsenical derivative on 
treatment with sodium hydrogen carbonate is 
oonvertod into a p-phenylarsonio acid 

(I; X«AsO-OH) 

which on reduction with sulphur dioxide in 
presenco of iodine yields P-phenylenechloro- 
arsmetli X-AsCI). 

O 

hJ f in 


I. 

3-Amino-4-hydroxypheny)ar8inio acid when 
•imitarly treated gives first the diazo- salt 
AsCl,-C,H.(OH)N,CI. which readily loses 
hydrogen chloride to pass into the arsenical 
quinonediazide (II) (Schmidt and Hoffmann, 
Ber. 1926. 68. (BJ. 665, 660). 

(u) poroDlazolmlnes and dlazoimldes. 
p*DlA2olmlnobenzene and derivatives.— 
The earhest known derivative of p-diazoimiac* 
benzene was obtained by the action of alkali on 
diazonium salts ofp-aminodipbenylamms (Ikuts. 
Annalen, 1688. 2^, 282 } riantzsch, Ber. 

85. 895). 

The following alternative formula) (III and 
IV) have been given to this product : 

HI. IV. 

correspondmg respectively with the foregoing 
formuJB (1 and II) for the internal diazo oxides 
Successive nitration of the phenyl group 
gradually increases the stability of these p- 
diazoimuies (Morgan and Micklethwsit, J.CS. 
1008, 93, 604). 

The arylsuJphonyl derivatives. 


C,H,-NC,H4'N, 


ArSO,N:C*H,-N„ 

were tint discovered by Morgan and Mickle- 
thwait in 1905, and the simplest acyl derivative, 
formyl-p diazoiminobenzene, was isolated by 
Morgan and Upton in 1917). 

The panx-diazoimidea are produced from the 
acyl* and aiylsulpbonyl* derivatives of the 
paro-dianunes, and eimilai products are obtained 

from the aiylauiphony]-I:8-naphthyIcnedi- 

amines. The production of these diaioimides 
takes place in two atagee, the diazonium salt 
6rat product being decomposed by sodiura 
acetate or mild alkMi, yielding the Intemel 
condensation product : 

R-SO,-NH-C,H,-N,-CI^:^*RSO,-N-C,HiN, 


These paru-diazoimides (VI) are 
sparingly soluble substances readdy reconverted 



DIAZO- COMPOUNDS. 


595 


by strong acids into the corresponding diazonium 
salts. They combine additively with phenols, 
naphthols, naphthylamines and their sulphonic 
acids, yielding azo- colouring matters (Morgan 
“and Micklethwmt, J. Soo. Dyers and Col. 
'1909, 25, 107 ; cf. J.C.S. 1906, 87, 74, 921, 
1302 ; 1906, 89, 1162 ; 1907, 91, 1609 ; 1908, 
93, 615; Badische Anilin - und Soda-Pabtik, 
G.P. 205037). 

The foregoing general reaction has been 
extended further by the device of diazotising 
with, liquid nitrogen trioxide in an anhydrous 
solvent such as acetone. In this way the 
simplest members of the series Ac*N;C 8 H 4 :N 2 
have been obtained containing formyl, acetyl, 
and benzoyl groups (Morgan, Upton, and 
Cleage, J.C.S. 1917, 111, 187 ; 1918, 113, 588. 

3-Aminooarbazole hydrochloride gives rise to 
a very stable yellow diazonium chloride 

CijHgNjChSHaO 

which becomes anhydrous when stored in vacuo 
over Sulphuric acid. With sodium azide it 
yields a colourless 3-triazocarbazole, m.p. 176- 
177°. 


NH 



II. 


155°. Both the corresponding picrate and 
chromate explode at 160°. 



In bright sunlight acetic anhydride converts the 
foregoing hydrochloride into p-acetamino- 
benzenediazonium chloride. 

Acetyl-m-phenylenediamine hydrochloride 
when' diazotised and combined -with antimony 
trichloride gives bis-m-acetaminobenzenediazo- 
nium hydrochloride-antimony trichloride, m.p. 
94°, which, unlike its para-isomeride, is decom- 
posed on warming with dilute acid, but when 
treated successively with cold water and chromic 
acid yields an explosive m-acetaminobenzene- 
diazonium chromate. There is no indication 
in this meta-series of the formation of a diazo- 
imine similar to the above compound (11) 
(J.C.S. 1926, 3174). 


III. Diazoamines. 

The diazoamines or diazoamino- compoimds 
have the general formula XNj-NHY, and may 
be either aromatic, mixed aromatic-aliphatic, or 
aliphatic in character, according as to whether 
X and Y are aromatic or aliphatic hydrocarbon 
radicals. 


1. Aeomatic Diazoamines. 


When carbazole-3-diazonium chloride (I) is 
treated in the cold with ammonia in the absence 
of light, hydrogen chloride is removed and 
oarbazole-3-diazoimine (II) is precipitated in 
bright orange-red needles darkening at 80-90° 
and exploding at 95°. This diazoimine is ex- 
tremely photo-sensitive and decomposes almost 
immediately in sunlight. It couples with 
phenols and reactive aromatic amines, and on 
addition of hydrochloric acid regenerates the 
diazonium chloride (I) (Morgan and Read, 
J.C.S. 1922, 121, 2711). 

In 1926 W. H. Gray obtained the hydro- 
chloride and double antimony chloride ofp-diazo- 
iminobenzene itself by the following series of 
reactions. 

The hydrochloride of acetyl-p-phenylenedi- 
amine was diazotised and treats with antimony 
trichloride when bis-p-acetaminobenzenediazo- 
nium chloride-antimony chloride separated as a 
yellow crystalline, precipitate, m.p. 147°. When 
decomposed with water this double salt furnished 
p-acetaminobenzenediazonium chloride, m.p. 
131°, which on hydrolysis with boiling dilute 
hydrochloric acid yielded p-diazoiminobenzene- 
hydrochloride-antimony trichloride (I), decom- 
posing at 179°, and this double salt on treatment 
with water furnished •p-diazoiminobenzene. hydro- 
chloride (II), a yellow substance exploding at 


The aromatic diazoamines are produced 
(1) by the action of nitrous acid (1 mol.) on 
two molecular proportions of a primary benze- 
noid amine ; (2) by coupling a diazonium salt 
with a primary or secondary benzenoid -amine. 

Diazoaminobenzene, CgHj-Nj-NH-CjHs, 
yellow crystals, m.p. 98°, is produced in quantita- 
tive yield by dissolving 10 parts of aniline in two 
parts of water containing 12 parts of hydrogen 
chloride, diazotising -with 8 parts of sodium 
nitrite, and adding the diazo- solution to a 
solution of 10 parts of atriline in the calculated 
amount of hydrochloric acid. The diazoarrrine 
is precipitated on the addition of sodium 
acetate. (Absorption spectrum of diazoamino- 
benzene, Ihrrvis, J.C.S. 1914, 105, 590.) 

When warmed with a nilin e containing aniline 
hydrochloride, diazoartrinobenzene is trans- 
formed into p-aminoazobetrzene, the velocity of 
transformation obeying the law of urrimolecular 
reactions. When the transformation occurs 
below 40° a small proportion (about 4%) of 
o-aminoazobenzene is produced (F. H. Witt, 
Ber. 1912, 45, 2380 ; 1913, 46, 2557). 

Diazoaminobenzene is conveniently prepared 
in a state of purity by passing carbon dioxide 
into an aqueous alcoholic solution of aniline and 
sodium nitrite. The product recrystallised from 
alkaline alcohol separates in lemon yellow 
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needlea, m p. 09 5-100“. Dilute acids cause a 
lovenng of this melting point. When the 
action of cold glacial acetic add on diazoamino- 
bcnzene ia allowed to proceed nntil it is nearly 
all transformed into aminoazobenzene a non* 
basic product of this reaction is isolated on 
diluting the liquid udth vater, vhen a tanymaaa 
IS deposited from which hy repeated crystaUisa* 
tion a deep red substance, benuneJuuoamiTtoaio- 
benzene, CjHgNj-C.Hj-NH-N.-CiH,, is ob- 
tained (m.p. 119 5°), identical with the compound 
produced by coupling diazotised aminoazo* 
benzene and anilme. It ia extremely difficult to 
oeparato this substance from diazoaminobenzene, 
and mixtures of the two substances which melt 
lower than either compound have in the past 
suggested the existence of an isomeiio and more 
fusible diazoaminobenzene (Earl. J. Pnc. Roy. 
Soc., New South 'Walta, 1930, 64, 97). InteieaU 
ing obserrations on the transformation of diazo. 
aminobenzene into aminoazobenzene havealso 
been made by Bosenhauer (Ber. 1928. 61. (B]. 
392 ; 1930, 63, [BJ, 1056 ; 1931, 64. [BJ, 1438). 
who holds that transformation is due to 
ptimaiy fission into diazonium salt and aniline 
lollovi^ by nudear coupling and not to isomenc 
change. I'he conversion u effected not only by 
glac^ acetic acid, but also by dilate aqueoua 
acetic acid or fomuo acid, never by quinoline 
aoditshydrocblonde. Benzeoediazomam chlor- 
ide and aniline hydrochloride couple at 0* 
to give aminoazobenzene hydrochloride without 
intermediate formation of djazoanunobenzene. 
About 70% of aminoazobenzene is obtainable 
in aeetio acid lolatioa if 3-4 mols. of aniline are 
added. 

Dlazoamlno-p* toluene, 

CjHj-Nj-NHCtH,, 

similarly prepared to diazoaminobenzeno, under- 
goes transformation into an orlAo-azo- compound, 
but the velocity of this change is only about 
one-ninth of that of the preceding transforma- 
tion to pora-azo- derivative. 

The coupling of diazonium aalta with meta- 
phenylene^nune, diphenylamine, the naphthyl- 
amines and their alkyl denvativea leads directly 
to the production of azo- derivatives ; in these 
cases, intermediate diazosmmes have not been 
isolated, except when the reactive orfAo- or 
para- positions are already substituted (Morgan, 
J.C S, 1902, SI, 91 ; 1907, 91, 370). 

When an aromatio base, XNHf, ia coupled 
with a diazonium salt, YN.Cl, the resulUog 
diazoamine is identical with that p^uced from 
XNjCI and YNH^, and is generally regarded as 
being an equibbriam mixture of the two iao- 
mendea XNH-N,Y and XN,-NHY. This ex- 
planation assumee the mJ^tion of the diazo- 
group which has been ooserved to occur in 
several instances (Gness, Ber. 1882, IS, 2190; 
Schnube and Fntscb, 1896, 29, 287 ; Hantzsch 
and r. M. Perkin, 1897, 30, 1412). 

(For the constitution of the unsymmetrical 
aromatio diazoamines, XNH N|Y, v. Meldola 
and Streatfeild, J.G.S. 1886, 49, 624 ; 1887. 
57, 102, 434 ; 1886. S3, 664 ; 1889, 65. 412 ; 
1890, 57, 785 ; c/, Foreter and Garland, sWd. 
1909.95.2051.) 


, P^olysfs of Oiazoamino benzene and 
-p*toIuene.— In 1892 Hirseh pyrolysed diazo- 
amino benzene and obtained p-aminoazobcnzens 
diphenylamine, oribo~ and pura-aminodiphenjls 
(o. and p.zenylamines), aniline, benzene, and - 
diphenyl with evolution of nitrogen. More' 
recently azobenzene has been identified among 
these pyrolytic products. 

A quantitative study of the pyrolysis of 
diazoamino-p toluene dissolved in p toluidine at 
160® has shown that the more volatile products 
are nitrogen, ammonia, and toluene, whereas 
the lees volatile products are azo-p-toluene, p- 
ditolylamine, 6-an3iDo-3.6'.dimethylazobenzeDe 
and two isomeno aminoditolyls (15% yield). 
One isomendo obtained m very email amount 
has not been onestated ; the more plentiful 
isomende is 4'.6.dimethyl 2.zenylamine, the 
ofly triaio- compound of which is converted 
pyro^nically into 2.6.dimetbylcarbazole 
(Morgan and Walls, J.C.S. 1930, 1602). 

2. AuittaTio-AaoiiATic DuzoaMima. 

The diazoamines containing one atiphatie 
and one aromatic group can be produced by 
(1) coupling a diazonium salt with an aliphatic 
amine (Goldschmidt and Holm, Ber. 1888, 21, 
1016, 1112; Goldsmidt and Bad], 1889. 22, 938 ; 
Bamberger and Mdllei, »bi. 1302) ; (2) treating 
AO azide with Ongoard reagent : 

RN<' II +R'-MgBr-»RN(MgBr) N.NR' 

H.O 

. — ► RNH-N-.NR'+MgBfOH 

(Dimroth, Ber. 1903. 36, 909 : 1905, 3$. 679, 
2328 ; 1907, 40, 23^). Diazoaounea present 
the ^Bsibihty of stereoisomenam, but their 
relative stabihty and the fact that they couple 
only slowly with fi-naphthol confirm ‘the view 
that they are generally anti-diazo- compounds. 

(For atereoisomerio diazoammes v. Orioff, J. 
Rubs. Phya. Chem. Boc. 1906, 38, 578 ; Vaubel, 
Z. augew. Chem. 1900, 13. 762 ; 1902. 15, 
1209.) 

Amnolie bitdiatoamiM' wmpou.nit, e g- 
(C«Hj;N(},N C(Hg, have been obtained by the 
action of two molecular proportions ofa diazonium 
salt on one of an aromatio amme (Hantzsch, 
Ber. 1894, 27, 1863; von Peebmann and 
Fiobeoius, 1895, 28, 170). 

Mixed aUphatie-arvmaiic biadiazoauiino- d<. 
rtvaixve^ (v. Goldschmidt et al., Ber. 1888, 21, 
1016 ; 1889. 22. 933 ; 1007, 40. 2390). 

Dioxo-x^’eemtearbazine* (v. Forster, J.C.S. 
1006, 89. 223). 


3. AuirnATic Duzoastiucs. 

Dimrolh’s general method may bo applied 
to the production of purely aliphatic diazo- 
amino* compounds. In this way, the simplest 
member of the series, diazoamlnomethane 
(dimettiyltrlazene), CHjN:N-NH CH,, has 
been prepared from methyl azide and magnesium 
methyl iodide. This substance, which fa 
isolated by distilling its copper derivative with 
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diazoaminobenzene under reduced pressure, is a 
colourless liquid, solidifying at —12° and boiling 
at 92° (Dimroth, Ber. 1905, 38, 1675 ; 1906, 39, 
3905). 

rv. Binuclear Diazo-oxides. 

When a diazonium salt couples with a phenol 
the product is generally an ortho- or a para- 
hydroxyazo- compound (the C-azo- derivative), 
but in all probability, the O-azo- derivative is 
first produced, for in a few instances, when the 
velocity of transformation has been lessened by 
substitution, the intermediate O-azo- compound 
or diazo-oxide has been isolated. p-Bromo- 
benzenediazonium chloride and p-nitrophenol 
give p-bromobenzenediazo-4-oxynitrobemene 

CgH^Br-NrN-O-CeHvNOa 

which, at 80°, becomes transformed into its 
isomeride, p-bromobenzene-2-azo-4-nilrophenol 

C5HgBrN:N-CeH4(N02)0H 

(Dimroth and Hartmann, Ber. 1908, 41, 4027 ; 
Auwers, ibid. 4304). 

Occasionally traces of these intermediate 
diazoamines and diazo-oxides can be detected in 
the commercial azo- colouring matters (Vauhel, 
Z. Farben. Textil. Ind. 1902, 1, 3). 

V. Metallic Derivatives of Diazo- 
Compounds. 

In 1894 Schraube and Schmidt (Ber. 1894, 27, 
614) found that on adding a 10% solution of 
p-nitrobenzenediazonium chloride to 18% 
aqueous sodium hydroxide at 60-60°, a sodium 
diazo- derivative separated in yellow bronzy 
leaflets, to which they gave the formula 

NOa-CgHi'NNa-NO.HsiO, 
regarding the compound as the sodium deriva- 
tive of p-nitrophenylnitrosamine. This view of 
the constitution of the product was confirmed 
by the action on the compound of methyl iodide, 
when p-nitrophenylmethylnitrosamine, 

NOj-CgH4-N(CH3)-NO, 

was obtained. 

This sodium salt, which was regarded by 
Hantzsch as having the constitution of an anti- 
diazo- compound, sodium p-nitrobenzene- 
diazo-oxide (». infra), has been manufactured 
for use in the production of “nitrosamine red” 
(Badisohe Anilin- und Soda-Fabrik, G.P. 78874, 
80263, 81134, 81202). The addition of excess of 
mineral acid to this metallic diazo- derivative 
determines the regeneration of the original 
diazonium salt, but treatment with dilute acetic 
acid leads to the formation of a yellow product, 
p-nitrophenylnitrosamine, N02'CgH4'NH'N0,a 
substance showing little tendency to couple with 
jS-naphthol. 

The silver derivative obtained from the 
foregoing sodium salt yields on methylation an 
oxygen ether N02'C8H4'N:N-0-CH3, a re- 
action suggesting the possibility of tautomeric 
change." In many ■ instances two isomeric 
modifications of these metallic diazo- derivatives 
have been isolated. I 
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Benzenediazonium chloride and cold concen- 
trated potassium hydroxide yield the normal 
labile form of potassium benzenediazo-oxide (I), 
which readily couples with )3-naphthol. The 
stable modification of potassium benzenediazo- 
oxide (II) is produced by heating the strongly 
alkaline solution of the normal or labile salt at 
130-140° ; this isomeride couples only very 
slowly with ^-naphthol. 

According to Hantzsch, these isomerides have 
respectively the foUowng formul® : 

CgHg-N CeHg-N 

KO-N N-OK 

I. Sim- (labile form). II. Anti- (stable form). 

Dobbie and Tinkler (J.C.S. 1905, 87, 273) have 
found, however, that these isomeric potassium 
salts have totally difierent ultra-violet absorption 
spectra. But as stereo-isomerides, like the 
benzaldoximes, have identical absorption spec- 
tra, it seems probable that the above isomeric 
salts are structurally dissimilar. Confirmation 
of the stereochemical theory would be obtained 
by isolating the an(i-diazohydroxide from the 
stable (anti-) potassium salt, but on treating this 
with an acid, the nitrosamine separates. More- 
over, the product supposed by Hantzsch and 
Bobl to be an anfi’-diazohydroxide (Ber. 1902, 
35, 2964) was shown by Orton to be a mixture of 
qninonediazide and a hydroxyazo- compound 
(Proo. Roy. Soo. 1903, 71, 153 ; J.C.S. 1903, 83, 
796), 

The existence of the syn- diazohydroxides is 
doubtful, and diazonium hydroxides (v. supra) 
are only known in solution. 

Diazo-anhydrides, RN:N-0-N;NR or 
RN-ON:NR 

, are very unstable explosive com- 
pounds produced by the action of acetio acid on 
the metallic syn-diazo-oxides. The onlt'-diazo- 
oxides, when thus treated, give nitrosamines. 

Aromatic diazoic acids, Ar-NjOgH. Ben- 
zenediazoio acid, produced by oxidising potas- 
sium benzenesyndiazo-oxido or -isodiazo-oxide 
with potassium ferrioyanide in alkaline solution, 
is obtained in sparingly soluble white leaflets 
(m.p. 46°) dissolving readily in organic solvents 
or alkalis. With mineral acids it is transformed 
into o- and p-nitroaniline, and with hypo- 
chlorites it yields 4-ohloro-2-nitroaniline. 
Its sodium salt gives the a- or N -ester, 
,C3H3-N(CH3)-N03, the silver salt furnishes the 
/3- or O-ester, CgHj-NiNOO-CHj. Since the 
acid is also obtained by the action of nitrogen 
pentoxide on aniline it is probably a tautomeric 
substance : 

CjHs-NH-NOj^ CgHs-NiNOaH 

(Bamberger, Ber. 1893, 26, 471 ; 1894, 27, 359 
914, 684, 1273 ; Hantzsch, Ber. 1902, 35, 268). 

VI. Diazocyanides. 

The addition of the calculated amount of 
potassium cyanide to a cold acid solution of a 
diazonium salt determines the formation of a 
sparingly soluble diazocyanide. In many 
instances, two modifications of the diazo- 
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^asides can be distingulsbed, and these Tarietiea 
are regarded by Ilantzacb aa being atereoiao* 
merio forms, p Chiorobenzenediazonium cblor* 
Ide, firom p-chJoramlme, yields below —6® the 
yellow labile sra-p-chlorobenzenedlazo- 
cyanide (I), wbjcn readily evolves nitrogen. 


C,HtCIN 

NC-N 

»vn'Dl«ioeyanlde 

I. 


C»H*CI-N 

N-CN 

anti-BUzocyaidde 

II. 


yields p-chlorobenionitinle on treatment with 
copper powder, and readily passes into the stable 
nnit-fi.chlorobenzenedlazocyanlde (II). The i 
latter substance, wbicb is not affected by copper ' 
powder, may be distilled in steam without 
decomposition (Hantzscb and Schulze, Ber. 
1895, 28. 666). 

Confirmation of this stereochemical theory 
of the constitution of the diazocyanides has 
been obtained by a study of the cyanides de- 
rived from p methozybenzenediazonium chlor- 
ide. This salt with potassium cysjude tn 
alcohobo solution yields the eyn diasocyanido 
(III), an orange-red insoluble substance (m.p. 
Si®), which couples with napbthol and slowly 
changes into the non coupling anti-diaso- 
cyanide (IV). a brownish red compound, melting 
•t 121®. 


MeOC.H.-N MeOC.H. N 

Ncl licN 

III. IV. 

The existence of a third isomerio cyanide is 
Indicated by evaporating at the ordinary tem- 
perature in the presence of excess of hydra, 
cyanic acid, an aqueous solution of p-metaozy. 
bcnzeciediazonium hydroxide. The colourless 
crystallme product has the composition 
MeO C,H4 Nj-CN,HCN.2HjO 

and possesses all the properties of a true metallic 
salt ; it is very soluble, and its solution is sn 
electrolyte. Moreover, this double salt couples 
with ^.napbthol and IS converted by alkalis mto 
the yellow eyn-diazocyanide. These pcoperttes 
correspond with those of the normal ^azoninm 
salts, and the foregoing soluble cyanide is re- 
garded aa having the foUowmg constitution . 

MeO CgH^N CN 
N 

(Hantzscb. Ber. 1900, S3, 2161 ; Euler and 
Hantzscb, 1901,34. 4166). 

The two pairs of ^'azocyanides iroin p- 
chloranihne and p.anisidiae were examined 
spectroscopically by Dobbie and Tinkler, who 
found that each pair gave almost identical 
ultra-violet absorption spectra, whereas the 
above soluble diazonium cyanide gave an entirely 
different spectrom. These resolu are in accord- 
ance with Hantzsch’s view of the configuration 
of the diazo- and diazonium cyanides (J.CA 
1905, 87, 273). 

It has, however, been suggested by several 
workers in this field that the isomerism of the 


diazooyanides is strnctnra), the syn- compounds 
being isoeysnides R-N;N-NC and their anti. 
isomerides, cyanides R-N:N CN (Fechmann, 
Bor- 1896, 28, 861 ; Orton, J.C.S. 1903, 83. 
605). 

VII. Diazosulphonates. 

Although the stereochemical theory of the 
constitntion of diazoi^anides is supported by 
physical as well as chemical evidence, yet it is 
significant that the only other senes of salts in 
which this isomerism has been detected is one 
denved from snlphoroua acid, a substance 
resembling hydrocyanio acid in giving rise to 
organic isomeric derivatives which are structur- 
ally dissimilar. 

The diazosulphonates, prepared by adding 
potaaainm sulphite to aqueous solutions of 
benzenoid diazonium chlondcs, frequently exist 
in two differently coloured modifications, but in 
most cases the syn- isomeride is too unstable to 
be isolated in a pore state. 

Potassium syn-2:4>dilodobenzenedlazo- 
sutphonate (1) is an orange substance, whilst 
the aiUi- salt (II) is yellow : 


KO,SN 

I. 


i!i-so,k 

II. 


The diazotued naphthylaminea behave ex- 
ceptionally, yielding only syn-diazosulphonates, 
which, on warming, pass, not into their anit* 
isomerides, but into the corresponding szo* 
naphthalenes (Hantzscb and Scomiedel, Ber. 
1897.80,71). 

Thesyn- andanii.modificatioaaof potassium 
benzenediazosulphonate, C,Hg-N.N-80,K. 
were found by Bobbie and Tinkler ({.e.) to have 
identical ultra-violet abeorpiion spectra. This 
fact supports the stereochemical theory of their 
BtructnieB(c/.HaQtzBch,Ber. 1894,27, 1726, 2099, 
2580; Bamberger, thid. 2930, 3527 i Bamberger, 
Ber. 1895, 28, 225, 444, 826 ; Fechmann, tbid. 
861 ; Claus. J. pr. Chem. 1694, [ii], SO, 239 ; 
Meyer and Jacobsen, Lehrbuch der Org. Chem. 
1902, ii, 303). 

VIII. Aliphatic DIazd* Compounds. 

The amines of the aliphatic aeriea, when 
treated with nitrous acid, generally lose their 
basic nitrogen, the amino- group becoming re- 
placed by hydraxyl. In some cases, however, 
the nitrogen is retained and an aliphatic diazo- 
compound is produced, having the general 

formula RHC^ |( withtheazo-groupattached 

entirely to the same carbon atom. 

An alteraative formulation has been suggested 
for the sliphatie diazo- compounds in which 
one nitrogen ia quinquevalent, so that the general 
formula becomes ;>C'N;N (Thiele, Ber. 
1911, 44, 2522 j Foreter and Cardwell, J.C.S. 
1913, 103. 861 ; ef. Ber. 1912, 45, 1654 ; 1916, 
49 . 1864. 

Although glycine is converted by nitrous 
acid or affcyl lutrites into glycolho acid, yet its 
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ethyl ester gives rise to ethyl diazoacetate, 
N 2 ;CH-CC 2 -C 2 H 5 , a yellov liquid freezing at 
—22° and boiling at 143-144°/721 mm. (Curtius, 
Ber. 1883, 16, 2230). 

One tg. of ethyl aminoacetate hydrochloride 
and 750 g. of sodium nitrite are added successively 
to 2 litTM of water containing 5 g. of sodium 
acetate. The mixture is shaken until the tem- 
perature falls to 0° ; 5 c.o. of 10% sulphuric 
acid and 600 o.c. of ether are added and the 
liquids thoroughly agitated. The ethereal layer 
is separated and the treatment with dilnte acid 
and ether repeated until red fumes are evolved. 
The ethereal extracts are washed with dilute 
aqueous sodium carbonate till alkaline, dried with 
calcium chloride, and the solvent removed on the 
water-bath. The yield of ethyl diazoacetate is 
94-7% of the calculated quantity (SUberrad, 
J.C.S. 1902, 81, 600). 

With iodine, ethyl diazoacetate yields 
diiodoacetic acid, and with aldehydes it con- 
denses to form ketonio esters : 

RCHO-i-N.:CH-CO„-C,H5 

^RCOCHj-COj-CjHs 

One of the most remarkable reactions of this 
diazo- ester is its condensation with benzene and 
its homolognes, giving rise to a series of eaters 
containing seven-membered hydrocarbon rings 
(Buchner, Ber. 1896-1903, 29, 106 ; SO, 632, 
1949 ; 31, 399, 402, 2004, 2241, 2247 ; 32, 705 ; 
33, 184 ; 36, 3509 ; Annalen, 1908, 358, 1). 

Ethyl diazoacetate when heated with alkalis 
undergoes a series of complex polymeric changes 
(Curtius, Ber. 1885, 18, 1283 ; 1906, 39, 1383, 
3398, 4140 ; 1907, 40, 84, 815, 1176, 1194, 1470; 
1908, 41, 3116, 3140, 3161 ; J. pr. Chem. 1888, 
[ii], 38, 408 ; Hantzsoh, Ber. 1900, 33, 58 ; cf. 
Silberrad, J.C.S. 1902, 81, 598). 

Diazo- derivatives are not obtained from 
free o-amino-carboxylio acids, and only from 
those amino-esters of aliphatic acids containing 
the amino- group in the a-poaition with respect 
to the alkylated carboxyl group. The esters of 
those polypeptides which contain the amino- 
group in the a-position to a carbimino group can 
also be transformed into diazo- derivatives. 

NHjCHjCO-NH-CHj-CO.Et 

->N2:CH-C0‘NH-CH2-C02Et 

The a-aminoketones (e.p. a-aminoacetophenone 
CjHj-CO-CHj-NHj) give diazo- compounds 
(Angmi, Ber. 1904, 37, 2080), and so also do 
certain uric acid compounds, e.g. aminomethyl- 
uracil. 

Diazomethane,CH,<f jj orCH,:N:N,the 
■ 

simplest aliphatic diazo- compound, is prepared 
by adding methyl-alcoholic potassium hydroxide 
to an ethereal solution of nitosomethylnrethane, 

CjHj-OCO-N {CH3)-N0, 
and distilling the mixtmre on the water-bath, 
when the distillate consists of an ethereal solu- 
tion of the diazo- compound, the yield being 
50% of the calculated quantity. This sub- 
stance is also produced by the action of hydroxyl- 
amine on methyldichloramine : 

CH3-NCl2-hH2N0H=CHj:N2-i-H20-l-2HCl 


Diazomethane is a poisonous yellow gas 
condensing to a yellow liquid boiling at -24° to 
-23° and solidifying in pale yellow crystals 
melting at -145°. It is a powerful methylating 
agent, converting hydroxyl groups into 
methoxyl, and alkylating primary and secondary 
bases. With iodine, diazomethane gives nitrogen 
and methylene ioide, and aldehydes are con- 
verted into methyl ketones {cf. Meyer, Monatsh. 
1905, 26, 1295, 1311 ; Acree, Johnson, Brunei, 
Shadinger and Nirdlinger, Ber. 1908, 41, 3199; 
Schlotterbeck, Ber. 1907, 40, 479; 1909, 42, 
2559 ; Forster and Holmes, J.C.S. 1908, 93, 
242). 

Diazomethane combines additively with un- 
saturated compounds ; with acetylene it gives 
pyrazole (von Pechmann, Ber. 1898, 31, 2950), 
and with ethyl fumarate it furnishes ethyl pyra- 
zolinecarboxylate. 

Diazomethane reacts with certain aldehydes, 
forming methyl ketones : 

R-CHO-hCHaNj = R-CO-CHj-f Nj 

There is an alternative reaction exhibited by 
those aldehydes which show a tendency to foim 
hydrates. When such aldehydes react with 
diazomethane, substituted ethylene oxides are 
formed. p-Hitrobenzaldehyde gives a mixture 
of p-nitroacetophenone and p-nitrophenyl- 
ethylene oxide, 

N0,-C6H4-CH-CH2 

\/ 

O 

Similarly chloral is converted into 
aaa-trichloropropyleno-jSy-oxide, CCIj’CH-CHj 

(Arndt and Eistert, Ber. 1928, 61, [B], 1118, 
with Amende, ibid. 1949). 

A similar process occurs when acid chlorides 
treated with diazomethane yield either diazo- 
ketones or chloroketones. In the former alter- 
native the acid chloride (1 mol.) is added to an 
ethereal solution of diazomethane (2 mols.) : 

R-COCI-hCHjNj=R-CO-CHN2-l-HCI 
The hydrogen chloride liberated decomposes any 
excess of diazomethane ; it also attacks the 
diazoketone so that the corresponding chloro- 
ketone may be prepared by the following re- 
action ; 

R-CO-CHN,-FHCl=R-CO-CHjCI-hN2 
(Bradley and Bobinson, J.C.S. 1928, 1310, 
1645, 2904 ; Arndt and Amende, Ber. 1928, 61, 
[B],1122). 

Although for some time open-chain formulae 
have been adoptedfor aliphatic diazo- compounds 
RjC=N N and azides R-N = N IJ'N, there is 
no really convincing evidence for these formula- 
tions. An examination of the electron-diffrac- 
tion pattern of the vapour of diazomethane 
suggests that the compound is in resonance 



HjC— N=N. Azomethane when similarly 
examined indicates the conventional formula 
CH 3 -N = N-CH 3 , but with methyl groups in 
the Irons- positions (Boersch, Monateh. 1935, 
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65, 511). Det«rininatioas of the parachors of] 
certain azides made by Lisdemaon and llaida 
(Ber. 192S, 61, [£], 1529) are in favour of the 
cyclic arrangement, as is also the evidence 
derived from djpole moments. 

Further eupport for the older oyclie 

yN 

for aliphatic diazo' compounds R*CC K ‘ 

/N 

azides RNc I) is obtained from conalderaUon of 

\n 

the boilmg-pointa of many of these derivattvea, 
ivhich, if cyclic, should approximate to the 
boQing-polnta of the coneaponding halidea, 
whereas an open-cham structure wo^d require 
boilmg pointsnear those of thenitrO'CoiBpomvds. 
Actually the boilmg.points of the azides he near 
those of the biomidea or between these and the 
bailing points of the iodides (^. Forster and 
Newman, J.C.S. 1910, 97, 2572), whereas the 
boiling-points of the aliphatic diazo- componoda 
lie very near to those of the chlorides ; those of 
the nitro- compounds are always much higher 
(Sidgwick, J.C.S. 1929, 1108 ; Hantzsch, Ber. 
1933. 66. [B], 1349). 

Diazoethane, CH,-CH,N,, and phenyl* 
dtaxorrtethane, CgHj-CH.N,, have both been 
prepared (Hantzsch and Lehmann, Ber. 1902, 
85, 897). The foimet closely tweroblea dmo 
methane, the latter la a dark red od. 

Substitution increases considerably the 
colour of these diazo* derivatives : dimethyl* 
diazomethane, C (CHglg-N}, is red and diphenyl 
diazomethane is obtained in bluish*red needles 
melting at 20* (Staudmger, Ber- 1916, 49, 1884) 

Diazomethane shoold not ^ confused with 
BZemethane, CH,-N:H*CH,, theslmptestazo* 
compound, which is product br oudiaing 
symmetncal difflethylhydrazine (bydmzome* 
tuuie) with chroimc acid (Thiele, Ber. 1909, 42, 
2576). Azomethaue is a colourless gas con* 
densing to a pale yellow liquid (b p. l-b”). 

Dlazomethanedisulphonic acid, a note- 
worthy exampleof an ahph&tio diazo- compound, 
results from the Interaction of potassium cyanide 
and potasaiom bisulphite in preseaoc of caustic 
potash. The solution, acidified and treated with 
nitrous acid, yields successively amioometbano* 
disulphonic add and the ^zo- compound. 
■Sulphurous ncid and diazomethanedisulpboiiic 
acid yield an additive compound which, on 
boiling, furnishes hydrazine (von Pcchmann, Ber. 
1895,28,2374; 1896,29,2161). 

Olaroacetone, CH,-CO CH.N,, a palo 
yellow liquid, u obtsmod from ammoacctyl- 
acetone by converting this base into diazoacetyl- 
acetone anhydride and treating this product 
with aqueous caustic alksL (Weis', Annalen, 
1912, 3M. 23), 

Metallic diazo* derivatives of the all* 
phatlc series ate nrodneed by treating citroao* 
alkyl urethanes with concentrated caustic potash 
eolutionor ethereal potsasinm etboxide. Potas* 
slum methyldIazo*oxide, 

CH,'N;N0K.H,0, 
separates In white crystals, when nitrosomethyl* 
urethane is added to concentrated aqueons 
caustic potash at 0°. Potassium benzyl- 


diazo-oxide, C,H,-CH^-N.N 0K,H,0, is 
aimilacly prepared from nittosobeniylnrettone. 
These metaHio derivatives are very unstable ; 
they are decomposed by water with explosive 
violence, yielding respectively diazomethane 
and phenyldiazomethane (Hantzsch and Leh- 
mann. Ber. 1902, 35, 897). 

£t6iioffrapiy. — Hantzsch, “Die Diazovetbin- 
dungen, Ahren’s Sammlnng. Cbemischer nnd 
Chemisch-technischer Vortrage,” 1902 ; Morgan, 
“ Oar Present Knowledge of Aromatic Diazo- 
Compounds,” Brit. Assoc. Report, 1902 ; Eibner, 
“ Znr GescMchte der AromatischenDiazoverhin- 
dungen," 1903 ; Cain, “ The Chemistry and 
Technology of the Diazo- Compounds," 1920 ; 
Saunders, “The Aromatic Diazo* Compounds 
and their Technical Apphtations,” 1936. 

0. T. M. 

DIAZODINITROPHENOL (4:e*di- 
nitro*2-diazophenoI). This example of the 
non metallic explosive primer haa been patented 
by W- M. Dehn (UK.P. 1404687), who claimed 
that it IS suitable for geueral pnming purposes, 
espedally where fouling and amalgamation with 
metals are to be avoided. It is stated to 
be non-hygToscopic and can be stored under 
water at ordinary temperatures for months 
without undergomg any appreciable change. 
It IS stable in contact with cold mrneral acids 
bnt is decomposed by alkalis. Diazodmitro- 
pbeooi can be safely and strongly compressed 
without Its explosive power Mmg impaired. 
H^en heated above 150^0., it explodes viuently, 
but if finely divided and wettM with water it 
cannot be detonated by means of a No, 8 cap. 
Dtazoduutrophenol is more powerful than 
f ulmin ate of mercury and when mixed with 
potassium chlorate in suitable proportions 
exhibits about 40% more energy on detonation 
than the most efficient mixtures offulmmatc and 
chlorate. 

HS. 

DIAZOTYPE PAPER r. Duio- Co*- 
FOcniis (this vol. p. 590a). 

o-o'-DlBENZlL, 

PhCO CO C.Hj-CjH^ CO COPh, 
for method of preparation, tee Zincke and 
Tropp (Annalen, 1908, 3S3| 302). 

DI0ROMIN, 5 5 dibrora^iaUyTbarbitunc 
acid (p. BanBiTinui; Acid, VoL I, p. 623). 

DJCARBOXYLIC ACIDS, Higher AL- 
phatic. There are three general synthetic pro- 
cesses for the production of theso compounds : 

(i) The electrolysis of the potaasium salts of 
the half-esters of lower dicarboxylic acids : 
2CO,Et[CH,]nCO,K 

* * i.CO,Et[CH,UCO,El 

(Crum Brown and Walker, Annalen, 1891, 261, 
123 ; Walker and Lumsden, J.CB. 190l» 79, 
1200; Carmichael iWd, 1922, 121. 2545; 
fhirweather, Proo. Roy. Soc. Edin. 1926, 46, 
71)- 

(ii) Condensation of the appropriate dihalide 
with potaasium cyanide, followed by hydrolysis s 

KCN 

Br[CH,In-Br CNICHjlnCN 

CO,H[CHtVCO|H 
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(von Braun, Ber. 1909, 42, 4550 ; von Braun 
and Danziger, ibid. 1912, 45, 1976). 

(iii) Condensation of the appropriate dihalide 
with ethyl sodiomalonate, followed by hydrolysis 
and decarboxylation, e.g. : 

Br-[CHj]„-Br 

(COaEt)j-CH [CH2VCH(COjEt)3 

^ C02H[CH2]„+a-C0j,H 

(Franke and Hankam, Monatsh. 1910, 31, 188 ; 
Chuit, Helv. Chim. Acta, 1926, 9, 264 ; 1927, 10, 
167). 

The dihalides necessary for procedures (ii) and 
(iii) may be obtained from a lower dibasic acid 
by the following series of operations : 

COjEt-ECHjln-COaEt 

reduction 

3- OH-CHj-LCHjVCHj-OH 

j 

Br[CHj,]„+j,-Br 

If desired, two more methylene groups may be 
introduced into the chain, thus : 

Mg 

Br[CHj]„-Br >•, BrMg[CHj]„MgBr 

I CHjCI-OMe 

MeO-CH2[CHj]„-CHj-OMe 

|HBr 

Br-[CH;]„+j-Br 

(Chuit, Z.C.). 

Certain of these acids occur naturally ; thus, 
tetradeoane-l!l4-dicarboxylic acid (thapsio 
acid), C 02 H-[CH 2 ]i 4 'C 0 j,H, opeurs, in com- 
bination, in the roots of Thapsia garganica L. 
(Canzoneri, Gazzetta, 1883, 13, 614) and as a 
glyceride in the wax of Juniperus Sabina 
(Bougault, Compt. rend. 1910, 150, 875), 
and heptadecane-'l:17-, octadecane-l;18-, and 
nonadecane-l:19- dicarboxylio acids as gly- 
cerides in Japan wax (Geitel and van der Want, 
J. pr. Chem. 1900, [ii], 61, 153 ; Schaal, Ber. 
1907, 40, 4786 ; Euzicka, Stoll and Schinz, 
Helv. Chim. Acta, 1928, 11, 670). 

The chief interest of these compounds lies, 
however, in their conversion into ketones by 
distillation of their thorium salts ; the large-ring 
ketones so obtained are useful in perfumery as 
fixatives, cyciopentadecanone {exaltone) being 
particularly valuable in this respect. For a 
general review of this subject, see Buzicka, 
Chem. and Ind. 1935, 54, 2. 

The melting-points of the best-known straight- 
chain higher dicarboxylio acids, 

C02H[CH2]n-C02H, 
are given in the following table : 

n. 9 10 11 12 13 14 15 16 

m. p.ll0°128°113° 126° 116° 124° 118° 126° 

n. 17 19 20 21 24 28 32 

m.p. 119° 112° 124° 118° 124° 123° 123° 

H. N. R. 

DICENTRINE, C20H21O4N, an alkaloid 
occurring in various' Dicentra species, first 
isolated by Heyl from D. formosa (0-1%) (Arch. 


Pharm. 1903, 241, 313), later by Asahina from D. 
pusiUa (0'14-0-36%) and D. spectabilia (Arch. 
Pharm. 1909, 247, 201) and by Manske fix)m D. 
oregana and D. eximia (0'31%) (Canad. J. Res. 
1933,8,592 ; 1934,10,765). It cryst^ses from 
EtjO.EtOH or CH3-C02Et in prisms, m.p.' 
168-169°, [all, -l-62-l° (in oUoroform). The 
salts are well crystallised, characteristic is 
dicentrine-methine, m.p. 158-159° (Manske l.c. ; 
Ghose, Krishna, and Schlittler, Helv. Chim. 
Acta, 1934, 17, 919). Absorption spectrum, see 
Girardet (J.C.S. 1931, 2630) and Kitasato (A. 
1927, 1094). Gadamer, for theoretical reasons, 
assigned the following constitution to dicentrine 
(Arch. Pharm. 1911, 249, 698) — 



Dicentrine. 


which was found to be correct by synthesis 
(Haworth, Perkin and Rankin, J.C.S. 1925, 2018; 
1926, 29). 

Osada (Amer. Chem. Abstr. 1928, 22, 3664) 
by splitting off from dicentrine the methylene- 
dioxy- group with phloroglucinol-H2S04 and 
completely methylating the phenolic base ob- 
tained glaucine. Dicentrine was obtained by 
methylating the phenolic alkaloid aotino- 
daphnine (Ghose, Knshna, and Schlittler, l.c.). 

According to Iwakawa (Arch. exp. Path. 
Pharm. 1911, 64, 369) dicentrine in small 
doses produces narcosis, in large doses it causes 
convulsions, attacks the heart, and paralyses the 
respiratory centres. 

Schl. 

D I C H LO R A M I N E T, toluene-p-sulphondi- 
chloramide, CgH4Me-S02‘NCl2, is produced 
by treating toluene with chlors^phonic acid, 
converting the sulphonic chloride thus obtained 
into the amide which is then chlorinated (see 
T. Aldoschin, G. Chimici, 1934, 28, 87). Under 
many trade names it is now of great importance 
in many fields, e.g. as a disinfectant (B. Dietzel, 
Arch. Pharm. 1928, 266, 123 ; D.R.P. 4Q1011 ; 
Dan. P. 49704, etc.), as a bleaching agent in the 
textile industry (H. Tatu, Rev. gen. Teinture, 
1933, 11, 883), as a disinfectant for agricultural 
purposes (U.S.P. 2002589), as an oxidising and 
chlorinating agent (A. Bradfield, J.C.S. 1928, 
782 ; J. Koetschet, Helv. Chim. Acta, 1930, 13, 
587 ; G. Schiemann, Z. angew. Chem. 1927, 40, 
1032), etc. 

2:5-DICHLOROANILINE, 

NHj 

\ci 

is prepared by reducing the corresponding nitro- 
compound with tin and acid (Jungfleisoh, Arm. 
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Chim, ]868, [it], 15. 269) with nickel ftud 
hydrogen (F.P. 62U34) or by chlorin&tiaa end 
subsequent hydrolysis of 3>chloroacetanilide 
(Beilatein and Kntbatow, Annalen. 1879, IM, 
216, 220). For preparation, see M. Kohn and 
S. Fink, WonaUh. 1931, 58, 73). 

2 6>I>ichIoroaniliDe has m p. 60”, b p. 250^ It 
undergoes the nom&l Bki&up reaction to gim 
6,8 dichloroquinoline (F.P. 727528), but is more 
Taluable as the first component of a variety of 
azo- dyestuSa {G P. 112820, 193211, 251843, 
258999; B.P. 329353, etc.), and others whliai, 
whilst not true azo* dyestuffs, yet employ 2 5- 
dichlorodiazobenzene salts as interm<Kliatea 
(Q.P. 460087, B.P. 314899). It wlda 2 6* 
dichloroantline.i-avlphonie acid on atuphonation 
with fuming sulphuno acid at 170-180*. 
this 18 oxidised by potaasiom dichramale to 
2 5.dieMcroqui7U)ne (Noelting and Kopp, Ber. 
2905, 38, 3513), and on diazotiaation aifoi^ the 
diazoanhydnde (Battegay, Ber. 1900, 39, 84). 
which yields 820* dyestuffs (G.P. 222991, 2^599. 
273934). 

OICHROITE, a silicate of alumioiom and 
magnesium with some ferrous iron replacing 
magnesium. 

DICINCHONtClNE <OICINCHO* 
NINE) V. CiKCQOtra Aikalqiss, this to)- 
p. 161d. 

DI-CITURIN- Trade name for the mono* 
potassium aalt of diacetykitnc acid (Paynes ond 
Bymt, London), B.P.C. 1934. 

DICKITE. A ciTstaUiaed clay mloera), 
HiAliSijOi. differug slightly from kaoUnite in 
Its optical characters and X-ray patteni. 
The mmnte crystals from Almwch in Anglesey 
were first described as kaolinite by A. B. Zhek m 
1888. 

L. J. 8. 

DICONQUININE v. CureflOKa Alka- 
LoiDS, this rol , p. 162a. 

DICROTYL; A^^-octodienc, v. BuTanintiEs 
AKD PotYOLETUfS (non-conjugsted). 

DICTAMNINE, C,j,H,0,N, occurs in 
Dielamntts oi&us (white ^ttsny; Fr. dxelame 
blane, Qer. Wtisser D$ptam), which belongs to 
the Entaceas. It was first isolated by Thoms 
(Ber. Dent, pharm. Oes. 1923, 33. 63 ; Arcb. 
Pharm. 1930, 268, 39) (yield 0 3%), and later by 
Asahina, Ohta and Inubose (Ber. 1930, 63. [B), 
2045) from Shmmta rtptM Nakai (yield 
0 2%). For extraction, see Asabina e< ah (lx.) 

It forms colourless pnsms, m.p. 132-13^, 
and is an optically inactiTe, unsaturated weak 
base, insol. HjO, sol. warm EtOH and CHCI,. 
less in Et}0 and CH, CO.Et ; yields sparingly 
soluble chromate, picronoute m.p. 178*, ebloro- 
aurate, chloroplatmate, and pierate m.p. 163*. 
The hydfochJoride, m.p. 170® (decomp), 
hydrolyses in hot HjO and the free l»se 
separates. 

When treated with metbyliodide in a sealed 
tube, dictamnine (I) la converted into iso* 
dlctamnine (II), which contains -NMe instead 
of-OMe. a reaction characteristio of a* and 
y-methoxyquinohnes. By oxidation and decar- 
wsyUtion Asahina e£ ol. (Ic.) finally obtained 
2.4-dihydroxyquinoline, which makes the follow- 
ing fotmulaj probable; 



An iaomerio p*eudo*dictamnine was synthesised 
by Asahina and Inubuse (Ber. 1932, 65, (B], 61) 
phj^iological action of dictamnine, see Thoms 
and Asahina. 

Thoms (A. 1930, 363) further isolated from 

I albus: dxelamnolactone, CjiHmO., mp 
279-280*; fraxintUone, CnHijOj, m.p. 117*, 
fa]” —38 39“ ; tngontlliM and chdiM. For 
dictamnio acid and dictamnal, see Asahina e< ol. 
(he). SlimmtanxM, Cj^HjjO^N, was isolated 
from the leaves of 8. japonxea Thunb. (yield 
0 06%) byEonda (Arch. exp. Path. Fbarm, 1004, 
52. 68). ^e dose relationship to dictamnme was 
suggested by the great similarity of the absorp- 
tion spectra. The aUcaloid, a weak bass, 
crystaliises in pnsms, m p. 176®, salts hydrolyse 
in H}0. picrate, m.p. 195>I97* (decomp.). It 
eontaias three OMe groups and, like dietsm* 
nine, is coDverted by metbyliodide into iseskim* 
mtanioe. Asahina and Inubuse (Ber. 1930, 63, 
[B] 2052) consider that skimmianine is 7-8*di* 
metboxydictamnlDe. 

From Ortxa japonxea Terssaka isolated four 
alkaloids (Amer. Cbem. A^tr. 1932, 26, 730; 
1935, 29, 7337) : 

OrCxvite, C,,H„OjN or Cj,H,xO,N, [a)” 
■f83-29®,m.p. 152 5®. 

Kohtiagine, C],H|04N, optically inactive, 
m p. 201*. 

Koktuagtnxne, |N or CjjHjjOiN, 

mp 171®. 

KoJcvtaginolxTU, C„H„0,N'liH,0. mp. 
283®. 

Tho properties of these four new alkaloids are 
very similar to those of dictamnine and slum- 
mianino ; tbe similarity also of the absorption- 
spectra is striking. Probably all contain tho 
same heterocycLc ring-system. Terasaks sup- 
poses kokusagino to be 6 7-methyIenedioxy- 
dictamnine. 

Schl. 

DICTAMNOLACTONE v. Dictshmue. 

OICYANINE V. Cyakine Dyes. 

DICYANODIAMIDE. (H,CN.),. or 
cyanoguamdinc. Obtained by polymerisa- 
tion of cyanamide or, more conveniently, from 
commercial calcium cyanamide (“ Kalkstick- 
stoff”). The polymerisation is facihtated by 
addition of small amounts of acid, iiisufiicieDt 
to combine with all tbe calcium present, and by 
boibig for a few houis. From the filtered 
extract dicyanodiamido crystallises in colourless 
seedlea. m.p. 20.5®. On fieating sotlium ‘■y*"’ 
amide with ammonium sulphate on a water bath 
^ranamide separates as an oil and on tlimng or 
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shaking polymerises in a few hours (Hermann, 
Monatsh. 1905, 26, 1025). The rate of poly- 
merisation is dependent on the reaction of the 
solution used and is greatest atpg 9'6, decreasing 
rapidly above and below this point (Buchanan 
and Barsky, J. Amer. Chem. Soc. 1930, 52, 195). 

, On warming with dilute acid dicyanodiamide is 
converted into dicyanodiamidine (guanyl urea), 
NH2(NH:)C-NH-C0NH2, 
which forms a characteristic insoluble compound 
with nickel, Ni(C 2 H 5 N 40)2 (Grossmaim and 
Schiick, Analyst, 1910, 35, 247 ; 1909, 34, 465; 
1907, 32, 273, 394). This reaction has been 
utilised in the determination of nickel in the 
presence of cobalt (cobalt dicyanodiamidine is 
soluble in water). The nickel compound can be 
dried at 116-160° without decomposition. 
C. D. Garby (Ind. Eng. Chem. 1925, 17, 266) 
has adapted the reaction to the determination 
of dicyanodiamide, this is first converted to 
the -amidine, which is then precipitated as the 
nickel compound. Dicyanodiamide may also be 
determined as the insoluble compound with silver 
picrate (Johnson, J.S.C.I. 1921, 40, 125T). 
Reduction of dicyanodiamide with zinc and 
dilute hydrochloric acid yields guanidine 
(dicyanodiamidine probably being formed inter- 
medially (J. Bell, Sci. Proc. Roy. Dublin Soc. 
1926, 18, 207)), and hydrocyanic acid which is 
rapidly reduced to the further stage of methyl- 
amine (Bamberger and Seeberger, Ber. 1893 
1683). Dicyanodiamide, on treatment with a 
mixture of nitric and sulphuric acid is con- 
verted into nitrodicyanodiamidine, and heat- 
ing with ammonium salts (chloride, nitrate, 
or thiocyanate) yields guanidine salts ( Werner 
and BeU, J.C.S. 1920, 117, 1133 ; Ewan and 
Young, J.S.C.I. 1921, 40, 109), probably by 
intermediate formation of diguanide salts. 
Condensation with dialkyl cyanacetio or malonio 
esters produces pyrimidine derivatives, e.g. 
with ethyl diethylcyanacetate a condensation 
product is obtained which on treatment with 
sulphuric acid gives barbituric acid (Bayer 
& Co., G.P. 166223 ; Chem. Zentr. 1906, 1, 
614). On autoclaving dicyanodiamide with 
liquid ammonia at 160° an 80% yield of, 
melamine, C 3 N 3 (NH 2 ) 2 , is obtained. With 
ammonium carbonate, carbon dioxide, and 
water imder similar conditions, 75% of melamine 
and 25% of guanidine carbonate are formed 
(W. Scholl et al., Ind. Eng. Chem. 1937, 29, 
202). Condensation with formaldehyde in the 
presence of acid yields an artificial resin (F.P. 
665210) which on addition of casein forms 
plastic moulding composition (B.P. 323047, 
1927). The constitutional formula of dicyano- 
diamide has been variously described as 
NH2(NH:)C-NH-C:N,(NH2)2C:N-C:N(Bam- 
berger, Ber. 1883, 16, 1459 ; 1891, 24, 899 ; 
Pohl, J. pr. Chem. 1908, [ii], 77, 633 ; Prianisch- 
nikoff, J.S.C.I. 1909, 28, 724) and more recently 
as the Baumann formula : 


HN:C^ ^C:NH 
\N H/ 


F. Chastellain (Helv. Chim. Acta, 1935, 18, 
1287) after a detailed study of the chain of 
reactions 

add 

dicyanodiamide >■ dicyanodiamidine 

NaOH at 100“ 

y guanidine >■ urea y ammonia 

concludes that dicyanodiamide is a tautomeric 
compoimd ; 


NH:C 


'xnh/' 


C:NH 


(a) 


^ NH:C(NH2)NHCN 

( 6 ) . 


and that in neutral and alkaline solutions and 
probably in the solid form it has the structure 
(a), whereas in acid solution this is transformed 
into (6). 

The commercial fertiliser calcium cyanamide 
usually contains small amounts of dicyanodia- 
mide which was formerly supposed to be the cause 
of seedling losses sometimes observed when the 
fertiliser was applied at or within a few days of 
sowing (Cowie, J. Agric. Sci. 1918, 9, 113). 
This is now known to be a fallacy (Lefort des 
Ylouses, Chim. et Ind. 1927, 18, 216). More- 
over, the amount of dicyanodiamide in modem 
forms of calcium cyanamide is extremely small. 

A. G. Po. 

DIDIAL, Trade name for a preparation 
containing dial and ethylmorphine diallyl- 
barbiturate, administered as a powerful hypnotic 
{Giba, London). B.P.C. 1934. 

"DIENE SYNTHESIS” v. Alizabin 
AKD Aiijed Coloueinq Matter, Vol. I, p. 208. 

m-DIETHYLAM I NOPHENOL, 



m.p. 78°, b.p. 201°/25 mm. is best made by 
Bulphonation of diethylaniline followed by alkali 
fusion of the m-sulphonic acid (D.R.P. 44792, 
U.S.P. 403678 ; for a review of other methods, 
see Sansome, Rev. Gen. Mat. Col. 1924, 28, 127). 

jn-Diethylaminophenol readily undergoes con- 
densation with many compounds ; 1-2-dioar- 
boxylic acids (e.g, itaconio, citraconic, succinic, 
etc.) give rhodamine dyestuffs, Rhodamine B 
(Brilliant Rose B) being the derivative of 
phthalic acid'. It is a source of triphenylmethane 
dyes (D.R.P. 205758, 229466), oxazine dyes 
(D.R.P. 300253), and many others, and is used 
as an anti-oxidant in rubber technology (U.S.P. 
1899120). 

DIETHYLANILINE, CeH^-NEtj, is pro- 
duced by the classical methods of ethylation 
applied to aniline halogen hydrides ; by treat- 
ment of aniline with diethyl sulphate in presence 
of lime (U.S.P. 1570203), with alcohol and 
sulphuric acid (Laptew, Anilin Farb. Ind. 
(Russ.), 1934, 4, 551), with ethyl chloride and 
lime under pressure (U.S.P. 1923697, 1994851), 
with ether under pressure (F.P. 768142), par- 
aldehyde under pressure (F.P. 776613), etc. The 
simultaneous reduction and ethylation of nitro- 
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benzene with zino and acetaldehyde (D.R.P. 
491856) and many catalytic proceaaca employ* 
ing alcohol as the ethyiatmg agent (Brown and 
Reid, J. Amer. Cbem. 600, 1924, 46, 1836; 
Roy, 3. Indian Chem. Soc. 1928, 5, 283: R>P* 
669824) are of particnlar iotereat. A Tariety of 
methods employing chlonulphouc acid (B.P. 
270930), phosgene (B.P. 273923), phthaLc acid 
(C.S.P. 1S90246), maleic anhydride (U.SJ. 
1991787), etc., are available for the removal of 
partially alkylated by*products. Biethylanihoe 
has m.p. —81®, b.p. 216 5®. 

Diethylanilloe is characterised by its quater- 
nary addition compound with benzyl dilonde 
(m.p. 104®) (Marvel and co-wotkera, J. Amer. 
Chem. Soc. 1929, 61, 3338) and is recommended 
as a reagent for aluminium (Grosset, Ann. Soc. 
sci. Braxelles, 1933, [B], S3, 16) and xuic 
(Eegnwe, Z. anal. Chem. 1928, 74, 226). 

Diethylamline is used in the preparation of 
dipbenylmetbane denvativee (U.S.P. 1964484, 
1803331) of azo dyestuffs and of dyestuffs 
belonging to the tnpbenylmethane and safran* 
ine series (F.P. 765333), etc. It also finds appli. 
cation in the treatment of lubricating oils (F.P 
636332} and as an anti-oxidant in rubber 
chemistry (D.R.P. 34S160). 

OIETZEITE. A double iodate and ebrom* 
ate of calcium crystallising in the monoclinic 
system, discovered in 1891 m the sodium nitrate 
deposits of Atacama, Chile. Analyses lead to 
the formula 7Ca(IO|),8CaCr04, but the 
simple double salt formula Ca(10j)|'CaCr04 
appears more probable. Distmet crystals ate 
rare, the mineral usually formmg ciystalline 
fibrous aggregates of a dark gold-yellow colour 
Sp.n. 3 698. It is soluble m hot water ; on 
coouog, crystals of hydrated calcmin iodate 
(Ca(IOj)|+6HjO) separate, leaving the cal- 
cium chnmate in solution. The simple calcium 
lodote Ca(IO))}> called lauianU, occurs in the 
same deposits. 

h. J. S. 

DIFFRACTAIC ACID, a lichen acid. 

DIFFUSION. In any gaseous mixtara or 
liquid solution the composition ultimately 
becomes the same whatever the origmal distnbu- 
tion of the gaseous or dissolved substances may 
have been. In very large eystems, as, for 
example, the atmosphere, there is a small 
change in composition with height above the 
earth’s surface which is due to the change in 
gravitational attraction with the size of the 
molecule. In the laboratory or factory thu 
effect b negligible except wben the grsvitaiioiia} 
or acceleratmg force becomes very large os in 
tbe high-speed or uUra-unlnJuge. Abnormal 
separations of the above type will not be con- 
sidered in tbe present article. The process by 
which the condition of equilibrium is reached is 
termed dt^usion and it depends not on the 
circulation of the unequally distnbuted sub- 
stance as a whole, but on tbe vibrations of 
individual molecules. According to tbe kmetie 
theory a mass of gas which macroscopically is 
at rest, is actually the scene of great activity 
on the part of tbe constituent molecules. These 
move with a high velocity and alter the direction 
of their motion only after they collide with one 
another or with the walls of tbe containing 


vessel. The occurrence of diffusion in gases 
thus becomes intelligible, and there is ample 
experimental evidence for extending the kiaeUo 
theory to the liquid state and for considering 
that the molecules therein are also in a state 
of constant motion. Even in solids the atoms 
can, under certain conditions, change their 
position in the ciystal Iattice,’and a large number 
of esamplea of diffusion through solids are now 
known. 

Diffusion of Cases. 

I The upward diffusion of heavy vapours, e p. 

, bromine, into lighter gases has always been 
a popular lecture experiment, and in the latter 
part of the last century much work was doac 
m investigating the quantitative laws that 
governed this process (see Loschmidt, Sitzungs- 
ber. Akad. Wiss. Wien, 1870, 61, 367 j 1870, 
62, 468 ; von Obeimeyer, ibtd. 1880, 81, 1102 : 
1882, 85, 147, 748 ; 1883, 87, 188 ; 1887, 96. 
646 ; Waltz, Ann. Physik, 1882, 17. 201. 351 ; 
Lomus, ibid 1909, 29, 664 ; Brown and 
Escombe, Phil Trans B, 1900, 193, 223). Many 
expenmental difficulties are met when direct 
diffusion experiments are attempted, and it is 
much easier to study diffusion through porous 
plugs or through small apertures (effuion) 

I In the above cases Graham (“Chenuoal and 
Physical Researches," T. and A. Constable, at 
the Edmburgh University Press, 1876, 44, 

1 88) was able to show that the volumes of different 
gs«ea diffusing under standard coo^tions in a 
given time were inversely proportional to the 
' equare roots of their denaities. Knudsen (Ann. 

, Physik, 1909, 28, 76) obtained tbe same result 
when gases were allowed to pass through a 
capillary tube (transpiration). The above rela- 
tionebip holds only approximately unless the 
mean free path of the gaa molecules is large com- 
pared with tbe aperture through whj^ it is 
being driven— with a largo hole the phenomenon 
IS obviously one of the viscous flow and not 
diffusion. The larger the above ratio becomes 
the better is Gr^am’s law obeyed (see Tunof4eff, 
Z. physikal. Chem. 1690, 6, 666 ; Bonnan, Phil. 
Mag. 2900, 49, 423 ; Emich, Monatsb, 1903, 24, 
747 ; Knudsen, Ann. Physik, 1909, 28, 999). 
Tbe study of cLffuaion in gases has been con- 
tinued by M. Trautz and co-workers as part of a 
geneTai mvestigation into gaseous mixtuiee (<ee 
Trautz and Mtiller, Ann. Physik, 1935, 
[vj, S2, 313). Their work has been criticised 
I by J, Kuuainen (Ann. Physik, 1935, [v], 24, 
^445}. The problem of calculating diffusion 
I velocities in factory plant has been stud^ 

I by W. Both (Arch. EisenhIiUenw. 1934-35, 8, 

1 401), where equations suitable for tbe solution 
I of practical problems are given. B. Kries and 
N. SeljakoT (2. Physik, 1935, 94, 134) wot^g 
on mixtures of carbon dioxide and air 
studied the conditions of diffusion at high 
pressures. The evaporation and diffi^on o' 
solvent vapours into air has conaiderable 
technical importance. E. R. Gilliland (ind. 
Eng. Chem. 1934. 26, 681, 1093) has meMored 
tho velocity of these processes for a number of 
liquids including water, butyl alcohol, and 
toluene, and, to facilitate reference, the results 
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are represented graphically. The process of 
evaporation has been shown to consist of diffu- 
sion of the vapour from a supersurface layer into 
the gas phase and this diffusion is governed 
by the ordinary kinetic laws (E. Preston, 
Trans. Faraday Soo. 1933, 29, 1188 ; 1935, 31, 
776, 1093). An ingenious apparatus for measur- 
ing the diffusion of vapours of volatile solids 
through gases is described by B. Topley and 
R. Whytlaw Gray (Phil. Mag. 1927, [vii], 4, 
873). A small sphere of the substance under 
investigation is suspended from a fine quartz 
fibre which has been wound into a spiral, 
thus forming a spring balance^ which enables the 
loss in weight of the bead to be measured 
directly, the vapour being taken up by an 
adsorbent which is spread on the sides of the 
container. An accuracy of 2% was obtained 
for the passage of iodine vapour through air at 
temperatures between 14“ and SO'C, 

The principles of the diffusion of gases and 
vapours have important applications in the 
designing of pumps for high vacuum purposes. 
They have also been utilised by G. Hertz (Z. 
Physik, 1934, 91, 810 ; see also Barwich, ibid, 
1936, 100, 166) in constructing an apparatus 
which enables the isotopes of the elements to be 
separated. One of the units from which the 
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apparatus was built up is shown diagram- 
matically in the fig. I. The gas enters the 
unit through a glass tube A in the direction 
shown by the arrow. It passes into a special 
porcelain diffusion tube B, which, by means of a 
grading glass, can be fused to the rest of the 
apparatus. A light fraction diffuses through B 
and is collected in the glass jacket C; it is 
pumped off and circulates with the gas in the 
previous unit. The remaining gas passes into 
another porous tube D through which a sample 
of medium density gas passes ; the light fraction 
from the next unit is added to this and the 
mixture recirculated by means of a pump P. 
Finally the heavy remainder of the gas passes 
through E to the next xmit where the whole 
cycle of operations is repeated. Thus in each 
unit there is a continuous process of separating 
the gas into three fractions, and by increasing 
theunits it is possible to obtain any desired degree 
of separation. Herz has separated deuterium 
from hydrogen, also the neon and oxygen iso- 
topes ; indeed, once it is working, even small 
differences in density lead to effective separa- 
tions. 

DnwsiON Theouqh Metals. — ^The passage 
of a gas across a diaphragm takes place not 

^ The quartz spring is usually spoken of as a McBain 
Microbalance. 
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only when the diaphragm is porous but also if it 
has the power of dissolving or absorbing the 
gas. For example, the ease with which hydro- 
gen will pass through hot platinum or palladium 
sheet has been known for many years. _ More 
recently further examples have been investi- 
gated and most of them have technical appUca- 
tions either in the wireless valve or metal 
industries. The more important of these papers 
are tabulated below. 

Nj through Cr. — G. Valensi, J. Cffiim. phys. 
1929, 28, 152, 202. 

H, through Cu. — B. O. Braaten and Q. F. 
Clark, Proc. Roy. Soo. 1936, 163, 604 ; A. F. H. 
Ward, ibid. 1931, A, 133, 606, 622. 

Oj through Cu. — ^F. Willdns, ibid. 1930, A. 
128, 407. 

HjO through Cu and Nj through chrome 
iron. — J. H. De Boer and J. D. Fast, Reo. trav. 
chim. 1935, 54, 970. 

He through silica. — E. 0. Braaten and G. F. 
Clark, J. Amer. Cham. Soo. 1935, 57, 2714 ; 
Barrer, J.C.S. 1934, 387. 

through Ni, Cu, Mo and Fe ; Njthrough 
Mo. — C. J. Smithells and C. E. Ransley, Proc. 
Roy. Soc. 1935, A, 150, 172. 

through Al. — Idem, ibid. A, 1935, 152, 708. 
CO through Ni. — Idem, ibid. A, 1936, 155, 
195 ; A, 1936, 157, 292. 

H 2 through Pd. — ^V. Lombard and C. Eichner, 
Bull. Soo. chim. 1933, [iv], 53, 1176, ibid. 
1935, [v], 2, 1555; Compt. Rend. 1935, 200, 
1846; ibid. 1936, 202, 1777. 

Og, NH 3 , S and P through Fe. — A. Bramley, 
F. W. Haywood, A. T. Cooper, and J. T. Watts, 
Trans. Faraday Soo. 1935, 31, 707. 

As a result of the above work the processes 
involved during the diffusion of gases through 
metals are known in outline at least. The fi^ 
fundamental consideration is whether the gas 
passes through the crystals of the metal or 
penetrates through minute cracks and the filling 
at the crystal boundaries. Smithells and Rans- 
ley were able to show that the rates for the 
passage of hydrogen through fine and through 
large crystalline iron were identical and that 
diffusion must be through the body of the metal. 
On the other band, Wilkins (l.c.) and Ward and 
Wilkins (Z. physikal. Chem, 1929, 144, 259) 
showed that in the case of oxygen through 
copper considerable lateral penetration round 
the boundaries occurs. A formula for the 
velocity of diffusion D across a metal plate 
from a pressure p on one side to zero pressure on 
the other was suggested by Richardson, Nicol, 
and Parnell (PhiL Mag. 1904, 8 , I), who gave 

D=|viT-e"«"^, 

where h and E were constants, d was the thick- 
ness of the metal, T the absolute temperature, 
and R the gas constant. This equation ignores 
the effect of the surface of the metal in adsorbing 
the gas and it is now considered that unless this 
occurs the gas cannot penetrate the solid. Thus 
nitrogen will pass through iron or molybdenum 
but not through copper or nickel, while the 
inert gases will pass through glass and silica 
but not through metals (Barrer, l.c. ; S. Bern- 
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stem, Corapt. rend. Acad. Sci. U.R.S S. 1934, 
1.230 ; H.DunwaldandC.Wagner.Z. phyatkaL 
C^em. 1034, B, 24, S3}. Smithells and Baasley 
have shown that the adsorbed filni must be 
allowed for before the Btchardfioc equation 
woiild represent their experimental results. 
They used the following taodi£eation for the 
change of D with p at constant temperature: 

The values of the constants a and agree with 
those obtained from direct adsorption measore- 
ments and the necessity for adsorption to occur 
before diffusion is possible seems clearly 
established. It may be noted that the adsorp- 
tion process would more easily allow the 
molecules of gas to be split into atoms, and the 
relationship Dapi indicates that diffusion 
should occur in that state. Ward (l.c.) con- 
siders the existence of atoms improbable, but 
B. Duhm (Z. Physik, 1935, 94, 434) has shown 
that for the case of hydrogen and paliadium 
true dissociation into atoms can occur. 

In a recent communication J. Lynch (Nature, 
1937, 40, 363) has suggested that the mechanical 
properties of metals may be considerably affected 
by the solution of gases m them. In support of 
t^s contention be reported that the rigidity of 
a palladium wire was decreased by over 20% 
when it contained 450 times its volume of 
dissolved hydrogen. 

Diffusion of Liquids and Dissolved 
Substances. 

The foundation of ou knowledge of this 
subject wsa laid by the classical eipenments 
of Thomas Oraham (" Chemical and Physical 
Besearches,” T. & A. Constable, 1676, pp. 444- 
600). Id his expenmcnta,700 c c, of water were 
placed in a cylindrical jar and then 100 c. 0 . of 
the solution to be diffused were carefully con- 
veyed to the bottom of the jar with the aid of a 
pipette. After a suitable time portions of 50 C.C. 
were successively drawn off from the top; these 
portions evaporated to dryness, and the amount 
of substance that diffused into each layer was 
thus ascertained. Graham's comparative expen- 
ments on the diffusive power of different sub- 
stances m aqueous solution led him to draw a 
distmction, which has become of the highest 
importance, between the behaviour of easily 
ciystallisable substances and that of substances 
which ate marked by the absence of the power 
to crystallise. So far as diffusibility is con- 
cerned, the distinction in question is based on 
the foliowing figures, representing approximste 
times of equal diffusion : hydrochlono acid 1, 
sodium chloride 2 3, sucrose 7, magnesium 
sulphate 7, albumin 49, caramel 9S. Tho 
difference in diffusive power of crystalloids and 
colloids is \ery evident from these Sgures. 

The significance of the quantitative results 
obtained by Grabam was emphasised by Stefan 
(Sitzungsbcr. Akad. Wiss. IVien, 1878, 78, [u], 
957 : 1879, 79, [u], 161), who showed that th^ 
were in harmony with Pick's diffusion law, 
which states that the diffusion of substances 
in aqueous solution is comparable with Uio 


dutnbution of heat in thermal conductors. 
Pick's Law is expressed by the formula 

rfS=-D 

where dS is the amount of substance crossing 
a section of the diffusion column in time dl, 
the sectional area of the column being q sq. cm! 
and dejdx being the concentration gradient. 
ITie constant D » known as the diffusion co. 
efiSdent. Stefan published tables from which 
the diffusion coefficient could be obtained 
directly from the analytical results after the 
solution had been divided into four portions. 
The method was modified by Oholm (Z. physikal. 
Chem. 2904, 50, 309) and it is sometimes called 
after him. Its modem form is described by 

D. Kruger and H. Gnmsky (i6W. 1930, 
150, 115 ; 1034. 170, 161). A special ap- 
pataina for dividing the liquid into portions 
after diffusion was devised by £. Cohen and 
H. R. Brams (ibid. 1023, 103, 340), who 
carried out some extremely careful deter- 
minations of the diffusion of symmetrical 
tetrahromoethane into tetrachloroethane to- 
tween the temperatures of 0 44® and 61-10'C. 
They discovered deviations from Pick’s Law 
amounting to about three tunes the magnitude 
of the TOsaible experimental error. In any 
method tbs time required for diffusion to occur is 
coiuuderable, and there is consequently ample 
opportumty for the solutions to be maed by 
convection currents or by shaking, uiJess the 
apparatus is very firmly bedded and tbs 
temperature remains absolutely constant, These 
difficulties have been largely overcome by the 
introduction of a micro method by B. PUrth 
(Physikal. Z. 1925, 26, 71 9). The cell is approxi- 
mately lOx 15x 1 mm. and is mounted on the 
stage of a microscope through which the 
progress of diffusion can be observed. Besolts 
that are accurate to ±5% can to obtained 
m experiments Ustmg only mmutes. The 
method has been carefully worked out by K. 
Sitto and can be used with very dilute solutions. 
Full details of the experimental precautions 
are given in the foliowing series of papers and 
the complete apparatus is now marketed by 
Karl Zeiss under the name of " blikrodiffusions- 
apparat sach FUith & Zutor" (R. Ffitth, Z. 
Physik, 1932, 79, 275 ; R. Zutor, tbid. 280, 
291 : R. Zuber and K. Sitte, ibid. 306, 320; 
B. Fiirth and R. Zuber, ibid. 1934, 91, 609 ; 

E. Biite. xbid. 617, 622, 642, 651). 

A third method of measuring diffusion co- 
efficienta which is capable of giving very 
accurate results is to measure the amount of 
material that penetrates a fine sintered glass 
filter. The method was discovered by J. H- 
Northrop and M. L. Anson (J. Gen. Physiol- 
1929, 12. 543), and the details have been worked 
out by J. W. blcBsJn and co-workers (J. Amsr. 
Oiem. Soc. 1931, 53, 59 ; 1933, 65, 432, 545) 
They have made numerous measurements with 
the apparatus and have used it In particula^or 
the investigation of large molecules They 
have shown that colloidal particles can be made 
to diffuse normally and that the rate can 
be used as a method of determining their mole- 
cular weight. Thus a value of 34,000 was ob- 
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tained for egg albumin at its isoelectric point, 
which is in remarkable agreement with Sved- 
berg’s values of 34,600± 1,000 by sedimentation 
equilibrium and 34,000 by osmosis. It is 
interesting to note that Svedberg could not 
obtain satisfactory values by difiFusion, which 
McBain attributes to the use of buffer solutions, 
which he points out are difficult to maintain at 
identical concentrations on both sides of the 
diaphragm ; secondly, they may cause a 
change in the size of the molecule under 
investigation, and thirdly, make analysis more 
difficult (sec McBain, C. R. Dawson and H. A. 
Baker, J. Amer. Chem. Soe. 1934, 56, 1021). 
Contributions to the mathematics of the theory 
of diffusion have come from T. Katsurai and K. 
Kawashimo (KoUoid Z. 1936, 75, 37), also 
from W. G. Eversole and E. W. Doughty (J. 
Physical Chem. 1936, 39, 288), but the future 
development of the subject seems to call 
for the systematic tabulation of accurate 
data. 

The difference in the rate of diffusion of heavy 
and light molecules through suitable membranes 
has been utilised for the removal of electrolytes 
from colloidal particles by dialysis. The 
membrane selected, however, is as far as 
possible semipermeable and consequently the 
process really belongs to the phenomena of 
osmosis. 

Since the time of Graham the majority of 
experiments have confirmed that Pick’s Law is at 
least approximately obeyed. A number of 
examples have, however, been found of materials 
that diffuse very much faster than anticipated 
and these suhstances were said to exhibit 
anomalous diffusion. This was first observed 
by R. 0. Herzog and A. Polotzky with dyestuffs 
(Z. physikal. Chem. 1914, 87, 449); other 
examples, which were foimd, generally involved 
natural products, and explanations, like specific 
reaction with the solvent or lack of purity of the 
materials, were advanced. These had to be 
abandoned when H. Preundlich and D. Kruger 
showed that similar deviations could be obtained 
with substances of small molecular weight 
(Trans. Paraday Soc. 1935, 31, 906). For 
example, a solution of quinone diffusing into 
water obeys Pick’s Law, but if both solutions are 
normal with respect to potassium sulphate 
anomalous results are obtained. The whole 
subject is critically reviewed by the above 
authors and they have shown that the anomalous 
results are attributable to the concentration 
gradient of the quinone causing the uniformly 
distributed substance (potassium sulphate) 
also to diffuse, owing to a mutual change in 
the solubility of the two solutes. In con- 
sequence, in the course of the diffusion process, a 
thin layer of the liquid on the border line 
of the two solutions becomes less dense than the 
solurion immediately above. This inadmissible 
deMity gradient produces convection currents 
which obscure the normal process of diffusion. 
The correctness of this assumption was proved 
by the fact that the abnormality disappeared 
when care was taken that the solution above 
was to a sufficiently marked degree less dense 
than the one below. It should be noted that the 
phenomenon occurs only in the boundary layers. 
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and consequently the sharpness bf the boundary 
between the two liquids is not affected. 

Diffusion of Solidsl^ 

The possibility of diffusion processes occurring 
with solid materials was indicated by the 
manufacture of steel by the cementation process ; 
but in spite of its importance industrially, it is 
only recently that much published work has 
appeared on the subject. The first example of 
sohd diffusion to he studied was that of gold 
into lead ; this was shown by Eoberts-Austin 
(Phil. Trans. 1896, 187, 383) to oceur'.to an 
appreciable extent in 40 days at temperatures 
between 100° and 200°C. In a subsequent 
paper {ihid. 1900, 67, 101) it was stated '^that 
.the process could be detected at room tempera- 
tures but that time had to be measured in periods 
of years. A. E. van Arkel (Metall-Wirt. 1928, 
7, 666) introduced an ingenious method of 
following diffusion when he coated a copper wire 
with a layer of nickel by electrolysis and was 
then able to detect any change by the variation ' 
of electrical conductivity of the composite wire. 
He found that the transfer of metal became 
appreciable above 800°C. O. Tanaka and 
Matano (Mem. Coll. Sci. Kyoto, 1931, 14, A, 
59, 123) studied the temperature coefficient for 
the diffusion of silver into gold and of nickel into 
copper ; and the same measurements were 
made for gold into lead by G. von Hevesy and 
W. Seith (Z. Elektroohem. 1931, 37, 528). 

W. Seith and co-workers have in recent 
years published a series of excellent experi- 
mental papers. Using a radioactive indicator — 
thorium B — ^they followed its movement into 
crystals of lead and showed that in this sym- 
metrical lattice the rate was practically the 
same in any direction (Z. Elektroohem. 1933, 39, 
638). The experiments were then repeated with 
bismuth and it was found that the diffusion in a 
direction perpendicular to the crystalline axis 
was very much faster than when it was parallel 
to it. A technique was then worked out by 
which the course of diffusion could be followed 
by cutting thin layers of the metal and finding 
their composition by speotmm analysis. The 
rate of movement of magnesium, cadmium, 
nickel and mercury iii lead ; lead, mercury and 
platinum in cadmium ; and platinum into 
zinc were then determined {ibid. 1934, 40, 318 ; 
Z. Metallk. 1932, 24, 193). The results obtained 
were then checked by measurements for a series 
of metals diffusing into silver at temperatures 
between 650° and 895°C. (Z. Elektroohem. 
1936, 42, 670). The authors have been able to 
show that in general Pick’s Law is obeyed and 
that diffusion D varies with temperature T 
according to the formula 

log D=— A/T-f-B, 

where A and B are constants. Similar con- 
clusions were reached by A. Bramley and co- 
workers for the diffusion of carbon, sulphur, 

I nitrogen and phosphorus into iron and steel 
! (Trans. Faraday Soc. 1935, 31, 707). The effect 
of a second element on the diffusion of a 
third was also studied with very interesting 
results. The presence of 0’6% of carbon re- 
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daced the velodt; of the morement of sulphnr 
by one h&l£ On the other hand, the presence 
of Bolphor or phosphorus alm ost entitdy 
pSOTents the movement of carbon and, in the 
case of phosphorus, the carbon is driven before 
it into ^e metah The penetration of nitrogmi 
is of particular importance owing to its apphca* 
tion to the hardening of special steels. It was 
found that the presence of oxygen favoured the 
nitriding process, hut when the specimen was 


reduced by hydrogen for 200 hours before 
nitridiog, insteiad of a minimum value being 
obt^ed. the process was nearly os fast as m 
the pteeence of the optimum amount of oxygen. 
Anomalies of this type require much experi* 
mental work for their elucidation, hut, since 
traces at least of these elements may be expected 
in any commercial sample of st^ they may 
prove to be of the utmost importance. 

R. H. p. 
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